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1. Introduction 

      Textile, paper, printing and dye industries consume 

large quantities of water at different stages of dyeing 

and finishing processes [1]. The contamination of 

drinking water by dyes at even minute concentration 

could significantly impact on its colour making it unfit 

for human consumption [2] as these dyes are non-

biodegradable, highly toxic, carcinogenic and mutagenic 

pollutants [3].  

Malachite green (MG), a cationic, water soluble 

organic dye is a member of the triphenylmethane family 

[4]. Its employed in variety of substrate materials 

including wool, textile, paper, leather, cotton, and 

acyrilics fibres in silk, textile and jute industries [5]. 

Also, it is used as colorants [6], biocide in agricultural 

industries [7], therapeutic agent, anthelminthic and 

medical disinfectant [8]. Despite its wide range of 

applications, reports describe it as carcinogenic, 

hazardous, tumour promoting agent in mammalian liver 

cell [9]. Therefore, present of MG in drinking water, 

foodstuff, fishes and animal milk used by human is of 

great concern [10]. 

A variety of methods have been employed for 

removal of dyes from coloured effluents such as 

membrane filtration, oxidation, coagulation-flocculation, 

biological treatment, electrochemical processes and 

adsorption [11-13]. However, these methods have 

shown their limit especially with regards to the rate of 

removal of the pollutants and the cost of their 
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In this present study, raw water lily leaves (RWL) powder was prepared and used 

as low cost, efficient and environmental friendly adsorbent for the removal of 

malachite green (MG) from aqueous solution. The adsorbent’s surface functional 

group, net neutral charge and morphology were analysed by FT-IR, Point of Zero 

charge and Scanning Electron (SEM) spectroscopic techniques which confirmed 

the effective adsorption of MG dyes onto the RWL adsorbent surface. Batch 

adsorption technique was employed under various optimized conditions including 

contact time, adsorbent dosage, adsorbate concentration, pH and temperature 

respectively with an adsorption capacity of 216.66mg/g and percentage adsorption 

of 99.5. The physical properties: moisture content (13.49%), ash content (9.81%), 

organic matter (90.19%), bulk density (0.263g/cm3), pore volume (1.66cm3), pH 

(5.74) of the adsorbent were obtained using standard methods. The kinetic data 

were best fitted by pseudo-second order in all the models tested under different 

operating temperatures. The adsorption isotherms were estimated, established and 

found to fit into Freundlich isotherm as compared to other models tested. 

Thermodynamics of the adsorption was found to be spontaneous and feasible with 

values of Gibb’s free energy (∆G) ranging between -9.481 to -9.880kJ/mol, 

exothermic with enthalpy (∆H) of -11.75kJ/mol and a decrease in randomness of 

the adsorption process during the transfer of molecules between the adsorbent and 

adsorbates with entropy (∆S) of -6.33kJ/mol. This study confirmed that RWL 

could be employed as a low cost and environmental friendly adsorbent for the 

removal of toxic dyes such as Malachite Green from aqueous solution. 
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application [14]. In contrast, adsorption is more suitable 

and prime for treatment method, due to its simplicity of 

design, ease of operation, high efficiency and cost 

effectiveness [15]. Initially, literature reported activated 

carbon is the most widely used adsorbent [16]. 

However, due to high cost of activated carbon, many 

researchers has explored the feasibility of using 

available waste bio-materials as its possible 

replacements. Bio-sorption based on binding capacities 

of different low cost adsorbents such as natural, 

agricultural and industrial by-product waste are 

attractive because of their abundant availability at low or 

no cost, good performance of removing dyes from 

aqueous solutions and minimum volume of sludge 

generated for disposal [17-18].   

Adsorbents of plants origin were reported to have 

been investigated by many researchers for carcinogenic 

dyes removal from waste water such Bambara 

groundnut hull [1, 19], desert date seed shell activated 

carbon [20], jackfruit [21], corn cob [22], Verdc hull 

[23], Balamite aegyptiaca [24] among others. In this 

present study, raw water Lily (RWL) leaves powder was 

used to remove MG from synthetic aqueous solutions. 

The effects of various parameters such as contact time, 

adsorbents dosage, initial concentration, pH of the 

solution and temperature on the adsorption efficiency of 

MG were studied using batch experimental techniques. 

Thermodynamic and kinetic parameters for MG 

adsorption onto RWL adsorbent was analysed in 

addition to isotherm models to propose suitable 

mechanism for the adsorption process 

 

2. Results and Discussion 

2.1 The physicochemical analysis of the adsorbents 

The physical parameters of the adsorbents are presented 

in Table 1.  The sample were found to be rich in 

moisture and organic matter. The pH was found to be 

5.74 which is relatively lower than 6 - 8 acceptable pH 

for most applications adsorbent as reported by Bello et 

al. [34]. The ash content value obtained in this research 

is 9.81 which indicates good amount of residue 

(inorganic matter) or minerals such as sodium, 

magnesium, calcium etc in pores of the adsorbent [35]. 

The bulk density and pore volume are also important 

physical parameters, because they have been reported to 

enhanced adsorption capacity of adsorbents to a large 

extent. The bulk density recorded in this study 

(0.263gm/ml ±0.01) is higher than that reported 

(0.21g/ml±0.02) by Ravichandran [36].  

 
Table 1: The physical properties of the prepared adsorbent 

(RWL) 

Parameters Values 

Moisture(%) 13.49±0.23 

Ash (%) 9.81±0.37 

Organic Matter (%) 90.19±0.37 

pH 5.74±0.12 

Pore volume (cm3) 1.66±0.13 

Density (g/cm3) 0.263±0.12 

 

2.2 Characterization of the Adsorbent 

FT-IR analysis 

In the FT-IR spectrum shown in fig 1 of RWL 

before and after adsorption. There were notable changes 

in absorption band and peaks after the adsorption of MG 

dye onto the adsorbent. The notable peaks observed are 

hydroxyl group (-OH), -CH stretch, carboxylic groups, 

C=C group, aromatic rings, C-O stretch and C-H 

aromatic were all present after adsorption with little 

changes. However, the shift in bands and wavenumbers 

between before and after adsorption of the samples as 

shown in table 2 can be predicted to signify vander 

Waals interaction during adsorption process. However, 

participation of both functional groups from the dye and 

adsorbent is an established phenomenon during 

adsorption as reported by Karim et al. [37] and Parhi et 

al. [38] among others. 

 

    

Fig 1. FT-IR Spectra for Adsorption of MG dye onto RWL 

before and After adsorption  

 
Table 2. Different functional groups recognized before and 

after adsorption of MG onto RWL adsorbent. 

Functional 

group 

Wavelengt

h range  

       (cm-1) 

Malachite Green (MG) 

  Before 

Adsorp

tion 

After 

Adsorp

tion 

Differe

nce 

O-H stretch 3300-3400 3444 3309 135 

C-H stretch 2950-2800 2950 2918 32 

C≡C alkynes 2100-2260 2119 2106 13 

COOH group 1690-1760 1632 1614 18 

C=C 

aromatics 

1500-1700 1405 1514 109 

C-O stretch 1080-1300 - 1316 1316 

C-H Aromatic 675- 1050 1080 1022 58 
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SEM Spectroscopy  

Scanned micrographs of the RWL adsorbent 

before and after adsorption of MG were taken at an 

accelerating voltage of 15kV and 1500X magnifications. 

The SEM before adsorption fig 3(a) shows a pores 

spongy like surface while the micrograph of RWL 

adsorbent after adsorption of MG dye fig 3b shows 

deposition of dye molecules onto the surface of the 

adsorbent result in formation of a heterogeneous surface 

with filled cracks, pores and rough surfaces. This shows 

an evidence of interactions between the dyes and the 

adsorbent surface. 

 

 
(a) 

 

 
(b) 

Fig 3(a). SEM micrograph for Raw sample before adsorption 

(b). SEM of MG onto RWL after adsorption.  

 

Point of zero charge 
The point of zero charge (PZC) is the pH at 

which the surface of the adsorbent has net neutral 

charge. Fig 4 shows result of PZC of RWL adsorbent. 

As shown the point in the figure, the PZC of RWL 

adsorbent is 5.40. This implies that at the pH below 

5.40, the surface charge of the adsorbent is positive 

while at pH above 5.40 the surface charge of the 

adsorbent is negative [39]. This study result is higher 

than reported by Akinlola and Umar of 3.50 [40] and 

3.00 for groundnut shell and beans pod respectively and 

lower than 6.00 for watermelon shell reported by Zhang 

et al. [41]. 

 

 
Fig 4. Point of zero Charge for the RWL adsorbent 

 

2.3 Batch adsorption experiment and optimization 

Fig 5(a) indicates the effect of contact time on 

adsorption of MG onto RWL adsorbent by varying from 

5-120 minutes at room temperature and initial 

concentration of 100mg/L. The dyes uptake was very 

fast initially for the first 15minutes. It’s slow down as 

the surface of RWL become saturated with MG and 

eventually reaches maximum after 90 minutes and the 

agitation time was therefore set at 90 minutes as optimal 

contact time.  

Fig 5(b) shows effect of the quantity of RWL 

used for the adsorption of MG in which amount of 

adsorbent was varied from 20-200mg while other 

operating conditions was kept constant. It was observed 

that adsorption capacity of the adsorbents decreases with 

increasing dosage probably due limited contact or 

inaccessibility of the active sites. Similarly, % removal 

increases with increasing dosage.  Similar trends were 

reported by Bedmohata et al. [42], Liu et al. [43] and 

Yusuf et al. [44]. 

Fig 5(c) indicates the effect of initial 

concentration of MG onto RWL by varying the initial 

concentration from 20-10mg/L. The adsorption capacity 

increases with increasing initial concentration probably 

due to high driving forces to overcome mass transfer 

resistance [45], thereby enhancing interaction between 

the adsorbent and the adsorbate and hence resulting in 

high dyes update from 45.21mg/g at 20mg/L to 

276.08mg/g at 120 mg/L respectively [46]. While 

percentage removal increases progressively from low 

concentration until it reached an optimum value and 

then decrease as the concentration increases. This is 

partly due the fact that the vacant site or active site of 

the adsorbent become saturated or inaccessible by the 

adsorbent at higher concentrations.  

Fig 5(d) indicates the effect of pH on adsorption 

of MG onto RWL adsorbent surface. pH of a solution 

plays an important role in the whole adsorption process 

particularly on adsorption capacity [1]. MG being 

cationic dye gives positive charge when dissolves in 

water. In acidic medium, the positive charge on the 

surface of the adsorbents tend to compete or repel the 
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excess H+ ions in the adsorption of MG at pH<7 which 

result in low adsorption of the dye molecules at low pH. 

However, there is significant increase in MG adsorption 

when the pH of the dye solution was increased (pH>7) 

implying that the process is probably or solely 

electrostatic interaction. Similar trends were reported by 

other researchers [47-50].  

 

 
(a) 

 

 

 

 

 

 

 

 

 

 

 

(b) 

 
(c) 

 

(d) 

Fig 5:  Effect of (a) Contact time (b) Dosage on adsorption of 

MG onto RWL adsorbent (c) Initial Concentration (d) pH on 

adsorption of MG onto RWL adsorbent 

 

2.4 Adsorption kinetics studies  

The study of adsorption kinetics of MG onto 

RWL could 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 interval of 5 minutes where by 

operating parameters were kept at optimized condition 

at temperature of 30, 40, 500C respectively. Pseudo first 

order, pseudo second order, Elovich and intra-particle 

diffusion models were employed to analyse the kinetic 

of MG onto the RWL adsorbents: 

 
Pseudo first order kinetic model 

The pseudo first order equation used is usually 

express according to equation (1) [51]: 

……………………………… (1) 

Where qe and qt are amount adsorbed per unit weight of 

the adsorbent at equilibrium and time t respectively 

(mg/g), k1 is the rate constant of pseudo first order 

sorption (min-1). Given a boundary condition for t =0 

and qt =0 the equation (1) can be integrated to give 

equation (2);  

 ………………(2) 

The plot log(qe - qt) vs t gave a linear 

relationship from which k1 and qe were determined from 

the slope and intercept of fig 6(a) respectively. 

 
Pseudo-second kinetic models 

The pseudo second order adsorption kinetic rate 

equation is expressed as shown in equation (3): 

 ………………………… (3) 

Where k2 is the rate constant of pseudo second order 

adsorption (g/mg.min). Applying the boundary 

conditions t = 0 to t = t and qt = 0 to qt = qt the integrated 

form of equation (3) becomes;  

 ………………………… (4) 

This equation can be rearranged to obtained 

equation (5) 

 ………………………………(5) 

If the initial adsorption rate, h (mg/g.min) 

 …………………………………… (6) 

the equation (6) becomes;  

 ………………………………… (7) 

The plot of t/qe vs t gave a linear relationship 

for which qe and k2 were determine from the slope and 

intercept in figure 6(b) respectively.  

 

Elovich Models 

The Elovich kinetic model is described by 

equation (8); 
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 ………………………(8) 

This model gives useful information on the extent of 

both surface activity and activation energy for 

adsorption process. The parameters (α) and (β) was 

calculated from the slope and intercept of the linear plot 

of qt vs ln(t) in figure 6(c).  

 

Intraparticle Diffusion model 

The slowest step in an adsorption process is 

usually taken as the rate determining step. This step is 

often attributed to pore and intraparticle diffusion. Since 

pseudo first and second models cannot provide 

information on effect of intra particle diffusion in 

adsorption model can be used. Possibility of 

involvement of intra particle diffusion model as the sole 

mechanism was investigated according to Weber-Morris 

equation (9) 

 …………………………. (9) 

Where the constant kint (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 qt vs t1/2 gave a linear plot which 

passes through the origin as shown in fig 6(d) 

 

    

                     
                                     (a) 

 

   (b) 

 

 
(c) 

 
                                             (d) 
Fig 6: (a) pseudo first order (b) pseudo second order (c) 

Elovich model (d) Intraparticle diffusion model 

 
Table 3: Calculated kinetic parameters for adsorption of MG 

onto RWL 

 

Kinetic Model Parameters 

P
se

u
d

o
-

F
ir

st
 O

rd
er

  qexp 

(mg/g) 

qcal 

(mg/g) 

k1(min-1) R2 

300C 246.52 1.04 6.91x10-4 0.0010 

400C 224.88 0.751 3.09x10-2 0.6364 

500C 243.97 1.820 1.39x10-2 0.2416 

P
se

u
d
o
-

S
ec

o
n
d
 

O
rd

er
 

 qexp 

(mg/g) 

qcal 

(mg/g) 

k2(g/mg.

min) 

R2 

300C 246.52 243.90 1.68x10-1 0.9956 

400C 244.88 238.10 1.47x10-2 0.9998 

500C 243.97 238.10 1.36x10-2 0.9997 

E
lo

v
ic

h
 

M
o
d
el

 

  Β Α R2 

300C  2.484 0.4032 0.2206 

400C  -0.627 -1.585 0.4059 

500C  -0.682 -1.458 0.2194 

In
tr

ap
ar

t

ic
le

 

D
if

fu
si

o

n
 

  C Kint R2 

300C  244.32 0.1724 0.2159 

400C  246.66 -0.7605 0.4922 

500C  243.89 -0.7123 0.2766 

 

The kinetic parameters show in table 3 for the 

adsorption of MG onto RWL adsorbent indicated that 

the kinetic data fitted the pseudo-second order model. 

The R2 values at all experimental temperatures were 

close to unity. The experimental and calculated 

adsorption capacities are in good agreement while other 

models tested R2 are very low and qexp and qcal are quite 

divergent. This confirmed the applicability of the 

pseudo-second order kinetic model to describe the 

adsorption of MG onto RWL adsorbents in aqueous 

medium. 

2.5 Adsorption Equilibrium  

Adsorption isotherm models are fundamentals 

to describing the behaviour of adsorbent-adsorbate 

interaction and also for investigating the mechanism of 

adsorption [52]. In this study, equilibrium data was 

analysed using Langmuir, Freundlich, Temkin and D-R 

isotherm models: 

 

Langmuir Isotherm 
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This model describes the homogenous 

adsorption of the single layer adsorbate at the adsorbent 

surface and is described by the linear equation (10) [53]. 

 …………………………. (10) 

Where, qe is the amount of MG adsorbed at equilibrium 

(mg/g), q0 is the monolayer adsorption capacity (mg/g) 

and KL (mg/g) is expressed as the Langmuir constant 

associated with the coefficient of adsorption and energy 

of adsorption. However, q0 and KL were calculated using 

slope and intercept of a graph of 1/qe against 1/Ce 

respectively and parameters reported in table 4. 

To determine whether the adsorption process is 

favourable, a dimensionless constant separation factor 

RL is defined based on equation (11) [52]: 

……………………………… (11) 

The adsorption process is irreversible when RL is 

0.00, favourable when RL is between 0.0 and 1.0, linear 

when RL is equal to 1.0 and unfavourable when RL is 

greater than 1.0. q0, K1, RL and R2. 

 

Fruendlich Isotherm 

The Freundlich model describes that adsorption 

is irreversible and non-ideal and the heat of distribution 

during adsorption process on the heterogeneous surface 

of the adsorbates [54]. The model is expressed using 

equation (12): 

……………………(12) 

Where KF is the Freundlich constant demonstrating 

the multilayer adsorption capacity and n indicates the 

adsorption intensity and binding energy. The values of 

KF and n can be determined using intercept and slope 

from the plot of log qe against log Ce respectively. If 

n=1 then the partition between the two phase are 

independent of the dyes 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 indicates 

cooperative adsorption process. The heterogeneity 

parameter is indicating by value of 1/n. The smaller 1/n, 

the greater the heterogeneity. If n lies between 1 to 10 it 

indicates a favourable adsorption process. The KF, 1/n 

are computed from the plot of log qe against log Ce and 

reported in table 3. 

 

D-R isotherm 

This model is used to determine the adsorption 

behaviour of MG towards the adsorbent RWL using 

equation (13) [55]: 

…………………………(13) 

Where q0 represents the constant of D-R 

(mol/g), and K is the mean free energy of adsorption 

(kJ/mol). However, є can be calculated using equation 

(14): 

 ……………………………. (14) 

Where Ce is the adsorbate equilibrium 

concentration, R is the ideal gas constant (8.314J/mol.K) 

and T is the temperature in Kelvin. The values of q0 and 

K were calculated and tabulated in table (3) using slope 

and intercept from the plot of lnCe against є2 

respectively 

From table 4, the isotherms data generated and 

reported were from three important isotherm models viz 

Langmuir, Freundlich and D-R models. The 

interpretation of the suitability of the isotherms model 

was decided only by linear regression coefficient (R2) 

obtained for each model. The obtained values of R2 

suggested that the adsorption process at equilibrium was 

well fitted in the Freundlich isotherm compared to 

Langmuir and D-R model under a wide range of initial 

concentration. The applicability of the Freundlich 

isotherm indicates a multi-layer coverage with KF values 

of 24.44mg/g adsorption capacity. While 1/n is the 

heterogeneity factor of adsorption obtained from slope 

of lnqe against lnCe. However, n value satisfies the 

condition of 1<n<10 which indicates favourable 

adsorption process [56].   

 
Table 4. Adsorbent isotherm parameters for the adsorption of 

MG onto RWL adsorbent 

 

Langmuir 

q0 

(mg/g) 

KL 

(L/mg) 

RL R2 

909.10 0.026 0.242 0.9708 

Freundlich 

1/n n KF R2 

1.088 0.920 24.44 0.9862 

D-R Model 

q0 β x10-6 є R2 

242.82 2.0 0.246 0.9365 

 

3.6 Thermodynamic Studies  

The thermodynamic parameters give insight 

about the nature of adsorption process. The effect of 

temperature on the adsorption of MG onto RWL in 

aqueous media were studied by varying the temperature 

from 303 to 333K. The change of thermodynamics 

functions of adsorption such as Gibb’s free energy (∆G), 

Enthalpy (∆H) and Entropy (∆S) were generally 

obtained from equation (15) and (16) respectively. 

………………………………… (15) 

……………………… (16) 

Where R is molar gas constant (8.314J/mol.K), 

T is absolute Temperature (K) and Kc is the 

thermodynamics equilibrium constant and was 

calculated from the relationship in equation (17) [57]. 

………………………………… (17) 

Where Ca is mg of MG adsorbed per litre, Ce is 

the equilibrium concentration of MG (mg/L). 
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Both ∆H and ∆S were calculated from slope and 

intercept of Van’t Hoff plot in figure 7 of lnKc versus 

1/T using equation (16). 

 

From table 5, the Gibb’s free energy change of 

adsorption is negative indicating the spontaneity and 

feasibility of the adsorption process at all temperatures 

studied. The ∆H value was found to be -11.750kJ/mol 

which is less than 20kJ/mol and negative proved that the 

nature of the adsorption is physiosorption and 

exothermic respectively [58], while the negative value 

of ∆S indicates decrease in randomness in the adsorption 

process during the transfer of the molecules between the 

adsorbent and adsorbates [59-60]. 

 
Table 5: Thermodynamics parameters for the adsorption of 

MG onto RWL. 

T(K) ∆G (kJ/mol) ∆H (kJ/mol) ∆S(J/mol.K) 

303 -9.707 -11.750 -6.330 

313 -9.880   

323 -9.851   

333 -9.481   

 

 
Fig 7. The Van’t Hoff plot for Adsorption of MG onto RWL 

 

 

3. Experimental  

3.1 Sample collection and adsorbent preparation 

The adsorbent was prepared according to 

method by Öznur et al. [25]. 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 72hours. The dried leaves were ground to powder 

and sieved into a working size of 300μm and stored in 

an airtight container labelled as raw water lily (RWL) 

sample. 

 

3.2 The physicochemical analysis of the adsorbents 

Determination of ash and moisture content 

The ash and moisture contents of RWL were 

determined by weight difference [26]. For moisture 

content, 1g of RWL was heated at 105oC for 3 hours, 

cooled in desiccator and re-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 the equation (18): 

 

 ……….(18) 

Where, w1 is weight of empty crucible, w2 is 

weight of crucible and the sample before heating, w3 

final weight of the crucible and the sample after heating. 

In determination of ash content, 1g of RWL was placed 

in a crucible of known weight and then heated at 5000C 

for 3 hours. The sample was cooled in desiccator and 

weighed. The ash content of each sample was calculated 

from the weight of the sample before and after heating 

using equation (19): 

…………….. (19):  

Where, w1 is the initial weight of crucible, w2 is 

initial weight of the crucible and the sample before 

heating and w3 is the final weight of sample and the 

crucible. 

 

Determination of organic matter content 

The organic matter contents of the adsorbents were 

determined from the difference between 100% air-dried 

adsorbent measured and the percentage ash content [20] 

as illustrated in equation (3): 

 

…………...(20) 

Determination of pH 

1g of RWL sample was put inside a 250ml 

Erlenmeyer flask and 100ml of distilled water was 

poured into the flask. The solution was heated for 

15minutes in a boiling condition. The solution was 

cooled at room temperature and dilute with distilled 

water to 100ml. the solution was stirred well and the pH 

was determined using pH meter [28]. 

 

Pore (Void) volume determination 

In order to determine the pore volume of the 

adsorbent, method reported by Ayuba and Thomas [29] 

was adopted. 2.0g of the samples (RWL) was immersed 

in water and boiled for 15min. After the air in the pores 

had been displaced, the sample was then dried 

superficially and reweighed. The difference in weight 

divided by the density of water gave the pore volume as 

in equation (21):  

 

 …………(21) 

Where, w1 is the weight of empty density bottle and w2 

is the weight of density bottle and sample together, 

while the density of water is 1g/cm3 

 

Bulk density (apparent density) determination 
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The bulk density of the sample was determined so as to 

know the packed density of a sample. Method reported 

by Giwa et al. [20] was adopted as in equation (22). 

 

 ……. (22).  

 

3.3 Determination of point of zero charge (PZC) 

The pH drift method was adopted according to 

Nasiruddin and Sarwar [30]. The pH of 0.01 NaCl was 

adjusted to a value between 2 and 11 using 0.50M HCl 

or 0.50M NaOH. 0.10g RWL 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 curves intercepts 

the pH line was taking as point of zero charge. 

 

3.4 FT-IR analysis 

Fourier transform infrared spectroscopy was 

used to study the surface functional group of the 

adsorbent before and after the MG adsorption. 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 4 cm-1 by attenuated 

total reflectance method. FTIR spectra were collected in 

the mid infrared region between 4,000 and 650 cm-1. 

Spectra were acquired using air background correction 

[31]. 

 

3.5 Scanning electron microscope (SEM) analysis 

Scanning electron microscope (SEM) analysis of surface 

morphology of the adsorbents was carried by viewing 

the electron micrographs of the materials [17]. 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 RWL before and after adsorption were taking at an 

accelerating voltage of 15.00kv and 1500X 

magnification respectively.     

 

3.6 Preparation of stock solution 

Stock solution of Malachite green dye (figure 8) were 

prepared by dissolving 1g of dye in 1000ml volumetric 

flask at room temperature and shaken until homogenous 

solution is obtained [32]. The sample of required 

concentration were prepared by diluting the stock 

solution with distilled water to a required concentration 

using dilution formula shown in equation (23). 

     ……………………… (23) 

The concentration of residual un-adsorbed MG dye was 

measured at working wavelength (λmax = 615.50nm) 

using UV-visible spectrophotometer (Hitachi 2800 

model). 

   

 

 
 Fig 8. Structure of Malachite Green.  

 

3.7 Adsorption equilibrium experiments  

For this experiment, the batch adsorption was 

adopted because of its simplicity [33]. The batch 

experiments were carried out to determine the optimum 

conditions for equilibrium adsorption of MG dye onto 

RWL 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 runs in a 60cm3 polythene sample bottles at 

30, 40, 50 and 600C 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 

analysed using Perkin-Elemer UV-visible 

Spectrophotometer at maximum absorbance wavelength 

of 615.4nm. The amount of the adsorbed dye was 

obtained using equation (24): 

  …………………. (24) 

While colour removal rate (%Removal) was calculated 

using equation (25): 

………………... (25) 

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 [32-

33]. 

 

4. Conclusion 
    In conclusion, the RWL adsorbent were prepared 

from water lily leaves. It was characterized by 

determining its some physicochemical parameters and 

also using FT-IR and SEM techniques respectively. The 

prepared RWL has provide a significant adsorption 

capacity of 216.66mg/g of MG from aqueous solution 

due to high bulk density, porosity, and present of 

multifunctional groups. In addition, the adsorption data 

generated obeyed pseudo-second order kinetics and 

Freundlich isotherm models signifying exothermic, 

physiosorption and spontaneous nature of the adsorption 

process. Therefore, this cheap and efficient adsorbent 

can be utilized for effective removal of toxic and non-
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biodegradable dyes such as malachite green from 

aqueous solution or dye contaminated industrial 

effluents.  
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