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This research investigates the behaviour of a xanthate-modified neem leaf powder (XNL) in 

removing methylene blue (MB) from an aqueous solution. Different treatments will create 

different unique characteristics of adsorbent. At the same time, each specific treated adsorbent 

will behave differently with different adsorbates. XNL is proven as an efficient and low-cost 

adsorbent for removing methylene blue (MB) dye from an aqueous solution. Fourier Transform 

Infra-red (FTIR), Thermogravimetric (TGA), Energy Dispersive X-ray spectroscopy (EDX), and 

Brunauer–Emmett–Teller (BET) were used to investigate the properties of XNL. These 

characterisations suggest that XNL has a specific area of 6.02 m2 g-1. The influence of adsorption 

parameters such as adsorbent dosage, solution pH, contact time, and initial MB concentrations 

was studied, and it was found that the optimum condition for MB adsorption is at pH 6 with the 

adsorbent dosage of 0.02 g. The adsorption results were well described by pseudo-second-order 

(PSO) kinetic, and adsorption isotherm, followed by both Langmuir and Freundlich models. The 

maximum adsorption capacity (qmax) of XNL for MB dye was found to be 263.80 mg g-1 at 318 

K. Thus; this work indicates that the XNL can be used as a promising adsorbent for MB dye 

from aqueous solution. The MB dye adsorption mechanism by XNL can be assigned to several 

types of interactions, such as electrostatic attractions, H-bonding interaction, and n-π interaction. 
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Water pollution remains one of our most critical 

environmental challenges, with synthetic dyes posing 

a significant threat to aquatic ecosystems and human 

health. Methylene blue is notably prevalent among 

these dyes due to its extensive use in various 

industries, including textiles, paper, printing and  

medical diagnostics [1]. Methylene blue, a cationic 

dye, poses significant environmental hazards due 

to its persistence and potential toxicity. Despite its 

utility, the improper discharge of methylene blue 

into water bodies leads to severe environmental 

consequences, necessitating effective remediation 

strategies. Methylene blue, a cationic thiazine 

dye, is known for its high visibility and potential 

toxicity, even at low concentrations. Its presence 

in aquatic environments can impede photosynthetic 

processes by reducing light penetration and disrupting 

the ecological balance [2]. Moreover, methylene blue 

is resistant to biodegradation, leading to persistent 

contamination and bioaccumulation, which pose long-

term risks to both aquatic life and human health, 

including vomiting, high heart rate, nausea, tissue 

necrosis, jaundice and quadriplegia [3]. Adsorption 

has emerged as a promising treatment method to 

mitigate the adverse effects of methylene blue 

pollution [4]. This technique offers several advantages, 

including high efficiency, cost-effectiveness, and the 

ability to target a wide range of contaminants [5]. 

Adsorption emerges as a viable and sustainable 

approach for removing MB from contaminated water 

sources [6-7]. Recent research has focused on 

developing novel adsorbents with enhanced capacity 

and selectivity for methylene blue, utilising materials 

such as activated carbon, natural clays, and various 

nanocomposites. Among the numerous adsorbents 

investigated for pollutant removal, neem leaf powder 

emerges as a promising candidate due to its abundant 

availability, cost-effectiveness, and eco-friendly 

nature. This study delves into the adsorption of MB, 

a commonly encountered dye pollutant, onto xanthate-

treated neem leaf powder, aiming to elucidate its 

efficacy and mechanisms [8-9]. Removing MB from 

aqueous solutions is imperative to mitigate its adverse 

impacts on aquatic ecosystems and human health. 

Neem (Azadirachta indica) leaves, abundant in bioactive 

compounds with diverse properties, have garnered 

attention as a potential adsorbent owing to their  

natural abundance, renewability, and non-toxicity. 

Xanthate modification of neem leaf powder enhances 

its surface properties, thereby improving its adsorption 

capacity towards target pollutants like MB. Xanthates, 

derived from carbon disulphide, introduce sulphur-
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containing functional groups onto the surface of neem 

leaf powder, facilitating stronger interactions with MB 

molecules [10-11]. This study draws inspiration from 

previous research endeavours that have explored the 

adsorption potential of neem-based materials for 

various contaminants. Notably, incorporating xanthate 

groups onto neem leaf powder presents a novel 

approach to enhance its adsorption efficiency, paving 

the way for innovative solutions in wastewater treatment 

and environmental remediation. The objectives of this 

study encompass elucidating the adsorption kinetics 

and adsorption mechanism governing the interaction 

between MB and xanthate-treated neem leaf powder. 

Understanding these fundamental aspects is crucial 

for optimizing the design and implementation of 

neem-based adsorbents in practical applications. 

A comprehensive review of the relevant literature  

provides insights into the adsorption process’s  

mechanism, highlighting the intricate interplay between 

surface chemistry, solution conditions, and molecular 

interactions. By integrating theoretical frameworks 

with experimental observations, this study endeavours 

to unravel the complexities inherent in the adsorption 

of MB onto xanthate-modified neem leaf powder [12].  

 

Experimental methodologies employed in 

this study adhere to rigorous standards, ensuring 

reproducibility and reliability of results. Batch  

adsorption experiments are conducted under controlled 

conditions to investigate the influence of key parameters 

such as pH, dosage, initial MB concentration, contact 

time, and temperature on the adsorption process. 

Characterisation techniques, including TGA and 

Brunauer-Emmett-Teller (BET) surface area analysis, 

provide valuable insights into the structural and 

morphological properties of the adsorbent material. 

[13]. The findings of this study are anticipated to 

contribute significantly to the body of knowledge 

surrounding neem-based adsorbents and their potential 

applications in wastewater treatment and environmental 

remediation. Insights gained from the elucidation of 

adsorption mechanisms and optimisation of process 

parameters hold promise for the development of 

sustainable solutions to mitigate water pollution and 

safeguard public health. The adsorption of methylene 

blue onto xanthate-modified neem leaf powder 

represents a promising avenue for pollutant removal, 

leveraging the unique properties of natural materials 

for environmental sustainability. This research 

endeavours to advance our understanding of adsorption 

phenomena and pave the way for innovative approaches 

in water treatment and pollution control. 

 

EXPERIMENTAL 

 

Material  

 

Fresh matured neem leaves were collected from Besut, 

Malaysia. The leaves were separated from the stem 

and washed to remove soluble impurities before rinsing 

with deionised water (Water purification system (Type 

I - 18 mΩ) – Millipore, Elix 5, Germany). The leaves 

were dried in an oven (Memmert, Germany) at 333 K 

overnight before being ground by using a mechanical 

grinder (Grinder, Thomas Wiley, UK) and sieved 

(Sieve, Retsch GmbH, Germany) to obtain a particle 

size of 125-250 µm. Dried neem leaf powder was 

boiled in deionised water for 30 min to destroy 

microbes, then washed and dried in an oven overnight 

at 333 K. Methylene Blue (MB) dye (MW: 319.86 

g/mol, assay: ~ 88%, λmax = 664 nm) was purchased 

from QRec (Malaysia). The other reagents utilised 

throughout this study were analytical grade. All  

experiments of this research were performed using 

deionised water.  

 

XNL Preparation  

 

Xanthate treatment was performed using the modified 

method from Torres-Blancas et al., (2013)[14]. A 

weight of 10 g boiled neem leaf powder (BNL) was 

stirred for 2 h in 200 mL of 4 M NaOH solution which 

can help to liberate new adsorption sites through 

elimination of pectin, lignin and cellulose. As little as 

1 mL carbon disulphide was added into the mixture 

and was left to stir for another 2 h. The mixture 

was filtered and washed thoroughly with 500 mL 

of deionised water. The treated adsorbent was dried in 

the oven at 333 K overnight and again was grounded 

and sieved to obtain a homogeneous particle size of 

125-250 µm to ensure the stability of adsorption. This 

xanthate-treated neem leaves (XNL) powder was kept 

in an airtight container before use.  

 

XNL Characterization  

 

XNL was characterised by a few characterisation 

methods. The functional group’s presence on the XNL 

surface was determined using a Fourier Transform 

infrared (FTIR) spectrometer (Spectrum 100, Perkin 

Elmer, USA) by scanning the sample KBr disc in the 

range of 450-4000 cm-1. The KBr disc was prepared 

by mixing a fine ground of 2 mg adsorbent with 200 

mg KBr powder. The mass loss of adsorbent as a 

function of temperature was determined by a thermal 

gravimetric analyser or TGA (Perkin Elmer, Pyris 1, 

USA). The Scanning Electron Microscope (FESEM), 

(Supra 400, Carl Zeiss SMT, Germany) 104 coupled with 

Electron Dispersive X-RAY (EDX), (Microanalysis, 

Oxford instrument, 105 UK) was used to analyse the 

surface morphology of the XNL. The BET surface 

area and average pore diameter of XNL were 

determined from a plot of an N2 adsorption-desorption 

curve at a 77 K BET analyser (Thermo Scientific, 

Surfer, Italy). The determination of the pH of zero-

point charge (pHZPC) of the adsorbent was performed 

according to the method reported [15].  

 

Batch Adsorption Experiments  

 

MB, a basic and cationic dye, has a chemical formula 

of C16H18N3S+Cl- and a molecular weight of 319.5 g 

mol-1. MB powder of analytical reagent grade (QRec, 

Malaysia) was used to prepare a 1000 mg L -1 of 
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MB solution. Dilute solutions of required MB 

concentrations were successively prepared for batch 

adsorption experiments. Batch experiments were 

carried out by mixing 0.02 g of XNL powder with 

50 mL MB solution of fixed concentration in 100 mL 

conical flasks for a specific period. All experiments 

were done at pH 6 (optimum pH). After the experiment, 

the sample was centrifuged at 5000 rpm for 5 min 

to separate XNL from the solution. The amount of 

MB in the residual solution was analysed by using 

a UV-visible spectrophotometer (UV-1800, Shimadzu, 

Japan) at λmax of 664 nm. All experiments were 

performed in triplicates, and the results were reported 

as average with RSD < 5%. The amount of MB adsorbed, 

qe (mg g-1) was calculated by using Eq. (1), while 

the percentage of removal of MB was calculated 

using Eq. (2):  

 

𝑞𝑒 =  
𝐶𝑜−𝐶𝑒

𝑚
 V (1) 

 

% 𝑅𝑒𝑚𝑜𝑣𝑎𝑙 =  
𝐶𝑜−𝐶𝑒

𝐶𝑂
 100 (2) 

 
Where, Co and Ce are MB concentrations (mg 

L-1) before and after adsorption, respectively; V is the 

volume of MB solution (L), and m is the weight of the 

adsorbent (g). The kinetic study was conducted using 

different concentrations of MB solutions (20, 30 and 

40 mg L-1), and the mixtures were stirred at different 

time intervals from 0 to 360 min. The data were 

analysed by using the PFO and PSO models. 

The isotherm study was carried out with varied  

concentrations of MB solution (20, 30, 40, 100, 150, 

200, 300 and 400 mg L-1) at 298, 308 and 318 K, 

respectively. The data obtained were analysed by using 

Langmuir, Freundlich and Dubinin-Reduskevich. 

 

RESULTS AND DISCUSSION 
 

Characteristic of XNL  
 

The functional group present on the surface of XNL and 

confirmation of adsorption of MB onto XNL can be 

accomplished by FTIR spectra shown in Figure 1. The 

peak at 710 cm-1, 1098 cm-1 and 1149 cm-1 can prove 

the presence of C-S bond, C=S stretching, and C-O-

C stretching of di-thiocarbonyl respectively, in XNL. 

The possible interaction between XNL-MB is through 

the exchanging of light metal ions of carboxylate salt 

with MB by forming electrostatic attraction 

between negative carboxylate and the positive site of 

sulphur in MB, which can be confirmed by a shift of 

carboxylate peak at 1622 to 1607 cm-1. There is also a 

possible van der Wall force between the polar-induced 

dipole of C=O of the ester with the positive charge of 

sulphur in MB, which can be confirmed with a shift in 

peak from 1404 to 1490 cm-1. It was suggested that 

MB ion could also attached to XNL through other 

mechanisms (Figure 1 (bottom)) including hydrogen 

bonding, n- π, π- π, electrostatic forces and Van der 

Waals interaction.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     
Figure 1 (above) XNL Spectra of XNL and XNL-MB loaded. (bottom) Proposed schematic diagram of MB 

adsorption mechanism (a) Yoshida H-bonding; (b) Dipole H-bonding; (c) Electrostatic Interaction; (d) n-π 

Interaction and (e)  π-π  Interaction 
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Figure 2. TGA Profile of BNL and XNL. 

 

 

Thermogravimetric analysis was performed 

to determine the thermal degradation of cellulose, 

hemicellulose and lignin in XNL. Figure 2 pictures the 

weight loss profile and decomposition of XNL against 

the temperature. The loss of moisture and volatile 

organic matter that happened in the first 250 °C can be 

observed in the TGA profile of samples that reduced 

about 10% to 15% of their mass. Then followed by 

the loss of hemicellulose and cellulose. Then, it is 

followed by the long tail that corresponds to the 

thermal decomposition of lignin. XNL revealed higher 

weight loss between 250 °C to 550 °C. The loss  

corresponded to the decomposition of hemicellulose 

and some portion of cellulose and lignin. The long tail 

from 550 °C to 900 °C was due to degradation of the 

remaining cellulose and lignin. Due to high structure 

stability in XNL, lignin started to decompose at 

relatively higher temperatures. TGA analysis depicted 

that the major components of these bio-sorbents were 

hemicellulose and lignin. Hemicellulose was the 

easiest to degrade, followed by cellulose. The most 

stable of all three was lignin, which was the last to 

degrade. [16].  

 

As reported in Table 1, XNL has a small BET 

surface area with a pore size of 6.02 m2 g-1. The 

xanthation process shrinks the neem leaf powder 

surface. This finding is similar to the de-oiled allspice 

husk that decreased the surface pore size after xanthate 

treatment. [14]. The same finding was also observed 

after xanthate treatment of insoluble straw, which was 

found to be smaller than alkali-treated straw [17].  

Meanwhile, the Langmuir surface area was 76.19 m2 

g-1, and the pore diameter of XNL was 2.73 nm. 

Overall, as can be concluded, the pore size of XNL 

was in the range of mesopores according to the IUPAC 

scheme or inter-nanopore according to the new pore 

size classification [18]. 

 

 

Table 1. XNL Properties Before and After Xanthate Modification. 
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Effect of XNL Dosage 

 

The influence of XNL dosage on the removal of MB 

dye was tested by varying the adsorbent dosage from 

0.01 g to 0.02 g, while the other adsorption parameters 

such as solution volume, initial concentration of MB 

dye, solution pH, temperature, contact time, shaking 

speed were kept constant at 50 mL and 20 mg L-1, 6, 

298 K, 300 min, and 480 rpm, respectively. As shown 

in Figure 3a., the amount of XNL increased from 0.01 

to 0.02 g, and the percentage removal of MB also 

increased from 95.6 to 97.2%. The adsorption capacity 

drastically drops from 71.7 to 36.5 mg g-1. As the 

adsorbent increased from 0.02 to 0.05 g, percentage 

removal (% Removal) is already stabilised between 

97.2% and 97.7% and goes to its maximum removal 

of 97.9% before slightly dropping to 97.8% at its 

maximum dosage. An increase in the removal percentage 

with increasing dosage is only significant between 

0.01 to 0.02 g; this happens due to the large amount of 

bare surface area on the adsorption surface that can 

accommodate more MB molecules attached to the 

active site [19]. The availability of adsorption sites on 

bio-sorbent surfaces will increase the percentage of 

MB that will be removed from the solution. Further 

increment of XNL dosage above 0.02 g does not display 

a significant effect. Meanwhile, for the adsorption 

capacity, in contra, the adsorption capacity continually 

drops to 24.4 mg g-1 at 0.03 g, then 18.4 mg g-1 at 0.04 

g, and finally drops to the lowest of 14.7 mg g-1 for 

0.05 g. This phenomenon can be explained by the fact 

that at higher dosages, plenty of un-adsorbed adsorption 

sites on bio-sorbent surfaces happened and thus 

increased the ratio of the number of adsorption sites to 

the number of MB ions. This condition reduced the 

amount of MB adsorbed [20]–[22]. Deng et al. 2011 

explained the reason for low adsorption capacity, 

which was due to the adsorption competition among 

the absorbent and also because of the splitting effect 

of concentration gradient, which is called flux. Another 

reason is due to the particle interaction of high 

adsorbent gradient, such as aggregation, which results 

from high bio-sorbent concentration. Due to this 

reason, the dosage of 0.02 g was chosen as an optimum 

dosage for further investigation.  

 

Effect of MB Solution pH 

 

The effect of the pH solution on the adsorption of MB 

onto XNL was performed by varying the pH of the MB 

solution between 2.0 and 10.0, as shown in Figure 3b. 

The lowest value of MB adsorption was recorded at 

pH 2 and increased to the highest amount of MB 

adsorbed at pH 10, but the increment of adsorption 

capacity was not significant, which increased only 

49.79 mg g-1 (pH 5) to 50.07 mg g-1 (pH 10). Low 

adsorption at lower pH is due to competition of 

cationic dye with hydronium ion, H3O+ presence in 

large amount. The presence of H3O+ ion dominated the 

adsorbent surface, creating a strong repulsive force on 

cationic MB and consequently resulting in a decrease 

in MB uptake. Meanwhile, at pH 3 to pH 4, the amount 

of MB uptake increases sharply. This phenomenon 

can be explained by the deprotonated acidic hydrogen 

at a high pH value, making the adsorbent surface 

become negatively charged and creating an electrostatic 

potential between positively charged methylene blue 

(cationic dyes). In addition, the amount of H3O+ is 

slightly lower than pH 2, allowing more MB to be 

adsorbed onto the adsorbent surface. Since there is no 

significant increase in the amount of MB adsorbed 

onto the adsorbent at a pH higher than 6, the optimum 

pH condition chosen is pH 6. At this pH value, the 

adsorbent carries more negatively charged on the 

adsorbent surface since it is higher than the pHzpc value 

(pH 5) and favourable for the adsorption of MB. 

 

 

 
 

Figure 3 Effect of XNL dosage (a) and MB solution pH on adsorption of MB onto XNL. 
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Figure 4 Effect of Initial Concentration and Contact Time Towards Adsorption of MB onto XNL. 

 

 

Effect of MB Initial Concentration and Contact Time  
 

The biosorption process was fast at the initial stage 

and gradually attained equilibrium, as shown in 

Figure 4. Rapid initial adsorption at the initial state 

recommended that there is a high affinity between MB 

dye and the functional group on the XNL surface. The 

time taken by MB to reach equilibrium onto XNL was 

90 min for the initial concentration of 20 mg L-1 and 

30 mg L-1, but it took a much longer time, about 120 

min for 40 mg L-1, to reach equilibrium. After reaching 

equilibrium, the adsorption equilibrium q t increases 

with an increase in initial MB concentration due to the 

significant driving forces generated by concentration 

gradient pressure [23] and also, the effective collision 

between MB and XNL surface is higher [3]. XNL 

recorded high q t capacity. The q t biosorption of 

MB onto XNL was 49.5 mg g -1 at 20 mg L-1. With 

increased concentration to 30 mg L -1, MB adsorbed 

qt increases to 73.8 mg g-1, while 40 mg L-1 gives 

the highest qt of 98.5 mg g-1. XNL showed good 

adsorption properties, suggesting that introducing a 

sulphur-bearing group onto raw adsorbent through 

xanthation can increase the adsorbent properties. 
 

Adsorption Kinetic  
 

The linear PFO and PSO kinetic models were applied 

to analyse the experimental data of the MB adsorption  

on XNL at different initial MB concentrations. The 

equations of the kinetic models PFO [24] and PSO 

[25] are expressed in Eqs. (3) and (4) respectively as 

follows: 

 

log(𝑞𝑒 − 𝑞𝑡) = log 𝑞𝑒 −  
𝑘1

2.303
 𝑡 (3) 

 
𝑡

𝑞𝑡
=  

1

ℎ
+ 

1

𝑞𝑒
 𝑡 (4) 

 
where qt (mg g-1) and qe (mg g-1) are the amount of 

adsorbate adsorbed at time t (min) and at equilibrium, 

respectively, k1 (min-1) is a PFO rate constant. h (mg 

g-1 min-1) is the initial adsorption rate that can be 

calculated as h = k2qe
2. Meanwhile, k2 (g mg-1min-1) 

is the PSO rate constant. The parameters of kinetic 

models were recorded in Table 2. According to  

experimental data (Table 2), it can be concluded that 

the adsorption of MB dye molecules by the XNL 

adsorbent follows the PSO model due to the higher 

correlation coefficient (R2) values and the calculated 

qe (qe,cal) values fitted well with the experimental qe 

(qe,exp) values. This result suggests that the rate-

determining step in the adsorption of MB onto XNL 

might be chemisorption involving valence forces 

through sharing or exchanging the valence electron of 

MB and the active surface of the XNL. 

 

 

Table 2. PFO and PSO Kinetic Parameter for Adsorption of MB onto XNL. 
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R2 
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(mg g-1) 
h 

k2 

(g mg-1 min-1) 
R2 
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Figure 5. General Isotherm Plot for Adsorption of MB onto XNL 

 

 
Effect of Temperature and Adsorption Isotherm  

 

Based on the general isotherm plot (Figure 5 ), the 

adsorption capacity increased with temperature increase 

from 247.63 to 263.80 (mg g-1), which suggests that 

the adsorption process is an endothermic process that 

requires energy [26].  

 

Isotherm data of the MB-XNL system was 

further analysed using three isotherm models: Langmuir, 

Freundlich, and Dubinin-Reduskevich, which were 

utilised to fit the experimental data. The linear  

equations of the equilibrium models Langmuir [27], 

Freundlich [28], and Dubinin-Reduskevich [29] are 

presented in Eqs. (5), (6), and (7), respectively. 

 

𝑞𝑒 =
𝑞𝑚𝑎𝑥𝑏 𝐶𝑒

(1+𝑏𝐶𝑒)
 (5) 

 

 𝑞𝑒  = 𝐾𝑓𝐶𝑒

1
𝑛⁄
 (6) 

 

𝑙𝑛 𝑞𝑒 = 𝑙𝑛 𝑞𝑚 − 𝛽𝜀2 (7) 

 

Where Ce (mg L -1) is the equilibrium 

concentration of adsorbate in the bulk solution, qe 

(mg g-1) is the amount of adsorbed adsorbate, qmax 

(mg g-1) is the maximum adsorbate adsorbed and b 

(L mg-1) is a Langmuir constant that related to the 

heat of adsorption. Where Kf (mg g-1) is a constant 

that represents maximum adsorption capacity, and n is 

a parameter that relates to adsorption intensity. The 

plot of qe vs log Ce will give 1/n while the intercept 

value is Kf. While ε (Polanyi potential) is equal to RT 

ln(1+1/Ce), R is the gas constant (8.314 J mol-1K-1), 

and T (K) is the temperature, qm (mg g-1) is the 

maximum adsorption capacity based on D-R isotherm 

and β is related to mean adsorption energy (E in kJ 

mol-1) given by 𝐸 =
1

√2β
. A plot of qe vs 𝜀2 slope will 

be the value of β, while the intercept will give a value 

of maximum adsorption capacity, qmax (mg g-1). The 

general isotherm plot for the adsorption of MB onto 

XNL is shown in Fig. 4. 

 

The parameters of equilibrium models are 

recorded in Table 3. According to the R2 values 

and adsorption capacity (Table 3) obtained from 

the isotherm models, it can be concluded that the 

adsorption process of MB dye on the surface of XNL 

follows Langmuir isotherm models. Moreover, this 

result also indicates that the MB dye adsorption 

occurred in monolayer [30]. The maximum monolayer 

adsorption capacity (qmax) of XNL for MB dye was 

recorded to be 263.80 mg g-1 at 318 K, which is 30 

times higher than the un-treated adsorbent obtained 

by [31], which is 8.76 mg g-1. Freundlich constant 

suggested that biosorption of MB onto XNL did not 

fit well with the Freundlich model, or in other words, 

the biosorption did not follow the assumption  

based on multilayer biosorption with heterogenous 

energetic distribution on the active surface sites. 

The temperature has a great influence on the adsorption 

process. From the Dubinin-Reduskevich model, the 

value of ε and qm in XNL show an increasing trend 

when temperature increased from 298 to 318 K. 

From the E value, mean energy for the XNL adsorption 

is more than 16 mol-1 (18.26 – 129.10 kJ mol-1) 

which could be evident of other chemisorption  

mechanism playing some major role [32]. These 

results are very encouraging compared with other 

adsorbents for MB adsorption described in Table 4. 

In addition, the prepared adsorbents are cheap and 

easy to synthesise.  
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Table 3. Adsorption Isotherms Parameter for MB Adsorption onto XNL at Different Temperatures. 
 

  Langmuir Freundlich Dubinin-Radushkevich 

T 

(K) 

Qexp 

(mg g-1) 

Qmax 

(mg g-1) 

b 

(L/mg) 
R2 

KF  

(mg g-1) 
n R2 

Qmax 

(mg g-1) 
K 

E 

(kJ/mol) 
R2 

298 247.63 238.09 0.44 0.982 103.25 3.81 0.959 587.40 0.0015 18.26 0.956 

308 256.35 243.90 0.43 0.985 122.60 4.26 0.934 554.35 0.0002 50.00 0.948 

318 263.80  250.00 0.51 0.983 128.74 4.34 0.945 533.68 0.00003 129.10 0.946 

 

 

Table 4. Comparison of Monolayer Adsorption of MB onto Various Adsorbents. 
 

Adsorbents 
Maximum Monolayer Adsorption 

Capacity (mg g-1) 
References 

Xanthate-treated neem leaves 

powder 
250.00 This study 

Activated lemon peels 208.64 [23] 

Ficus carica bast-activated carbon 47.62 [8] 

Salsola vermiculata 23 [33] 

Pyrolyzed Salsola vermiculata 53 [33] 

Graphene 153.85 [34] 

Soursop 55.39 [35] 

Black cumin-activated carbon 26.32 [3] 

Marine seaweed: Caulerpa 

racemosa var. cylindracea 
5.23 [36] 

Ackee apple pods activated carbon 47.17 [37] 

Treated sugarcane bagasse 112.87 [38] 

 

 

Adsorption Mechanism 

 

The surface of XNL has a potential adsorption site 

such as the alkoxy (RO-) and hydroxyl (-OH), n 

and π electron group. Based on that, the adsorption 

mechanism of MB dye on the XNL surface by  

different types of interactions. Since there are a few 

functional groups of MB, it could form n - π or π - π 

bonding with lignocellulosic bio-sorbent surfaces as 

discussed in the characterisation discussion. This 

mechanism also involves the electrostatic interaction 

between MB dye cations with negatively charged 

available on the XNL surface. The adsorption 

mechanism also includes H-bonding interactions that 

can occur between the H atom available on the surface 

of XNL and the N atom in the MB dye structure. 

Finally, n-π interaction comes from delocalization of 

the lone pair electron of O atoms into the π orbital of 

the dye aromatic rings. According to the above, it can 

be concluded that these interactions were effective in 

enhancing the adsorption process of MB dye on the 

surface of XNL. 

 

CONCLUSION 

 

Xanthate-treated BNL powder successfully improved 

the performance of BNL by introducing a sulfur-

containing group into the bio-sorbent. FTIR analysis 

proved the presence of the C-S bond, C=S stretching 

and C-O-C stretching. XNL was successfully approved 

can enhance the adsorption capacity of MB dye from 

an aqueous environment. The optimum adsorption 

conditions of MB dye onto the surface of XNL were 

determined to be 0.02 g XNL in 50 mL MB solution 

with pH 6 and continuously stirred at 480 rpm at 

298 K. The kinetics data revealed that the adsorption 

was mainly affected by chemical adsorption with 

the maximum Langmuir adsorption capacity of 

XNL being 263.80 mg g-1 at 318 K for MB dye which 

is much higher than un-treated neem leaves powder. 

This proved that each adsorbent-adsorbate system 

will behave differently. The adsorption mechanism 

included H-bonding interaction and n-π interaction. 

The adsorption results discovered that the XNL is 

an effective and low-cost natural adsorbent for the 

removal of cationic dyes.  
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