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The COD removal from landfill leachate using bentonite-based nanocomposites prepared using different modifiers has 
been investigated. Different techniques including FE-SEM, XRD, FTIR, TGA and Zeta potential have been utilized for 
characterization of nanocomposites (NCs). The independent variables includingNCs dose, pH and contact time are studied 
for COD removal efficiency. The optimal values are obtained to be a NCs dose of 40 g/L, pH of 3.00, and a contact time of 
20 min for maximized COD removal efficiencies of 67.90, 71.30 and 52.00% using Arg/CTS-BEN, H/CTS-BEN and CTS-
BEN NCs, respectively. Kinetics studies fitted well with the pseudo-second order model with rate constants of 25.64, 28.65 
and 25.00 mg/g by H/CTS-BEN, Arg/CTS-BEN and CTS-BEN NCs, respectively. The adsorption of the COD is well 
described by Langmuir equations (R2 0.99). Results show that the synthesized NCs is promising and efficient in purifying 
landfill leachate. 

Keywords: Bentonite-based nanocomposite, COD, Leachate, Regeneration  

Leachate is a by-product derived from the 
decomposition municipal solid wastes, which not only 
pollutes the water resources but also it causes soil 
pollution1. Treatment of municipal landfill leachate is 
essential concern due to contamination such as 
organic (COD and BOD5), inorganic matters (NH4-N 
and NO3-N), and potentially heavy metals to protect 
of groundwater and surface waters2. This issue has 
increased the need for the development of new 
strategies to deal with pollution to have an adequate 
water supply and confirm the sustainability of clean 
water resources3. All treatment approaches can be 
performed as physical, chemical, and biological 
process. Typically, different types of these methods 
are (i) physical processes such as filtration with 
membrane technologies, sedimentation, and 
adsorption4,5; (ii) chemical processes like ion exchange, 
advanced oxidation process (AOPs), coagulation, 
electrochemical, and catalytic reduction6,7;  
(iii) biological processes such as biodegradation,

wetlands, phytoremediation, and bioreactor 
processes8-10. These procedures have advantages and 
disadvantages, and they usually require high capital 
and operational cost3. Adsorption, as one of the 
promising methods, has been constantly employed in 
the removal of different contaminants. This procedure 
removes a wide range of contaminants by mass 
transfer process on the internal or external solid 
surfaces2. Natural and synthetic adsorbents are used to 
separate the impurities in the adsorption process11. 
Clay minerals and composite materials are a very 
interesting platform for the synthesis of novel 
adsorbents12. Although technological innovations are 
constant proposed for leachate treatment, the 
adsorption approach is still noticed. It is cost-efficient 
and relatively inexpensive to reduce contaminants 
from polluted environments. Surface modifications of 
clay-based adsorbents have received attention because 
they lead to the synthesis of new compounds and, 
following, the expansion of new applications. 
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Modification of clay minerals with organic 
compounds has been demonstrated to be a practical 
step for their industrial applications, such as for 
synthesis of clay-based nanocomposites13, 14. The 
organic modification can promote compatibility 
between organic and inorganic phases and improve 
interfacial interactions between them15. Bentonite are 
highly significant owing to their high surface area, 
mechanical strength, chemical stability, satisfactory 
cation exchange capacity (CEC) and availability, 
particularly in Iranian soil16. However, bentonite does 
not have a sufficient adsorption capacity for uptake 
contaminants because of poor interaction with some 
polar adsorbate. This causes many researchers have 
been focused on modifying the bentonite or producing 
composite adsorbents with high capacity to interact 
between polar or non-polar adsorbates. Several 
studies illustrated different modifications of bentonite 
for the formation of nanocomposites with remarkable 
results. Resende et al. modified bentonite with the 
surfactant CTAB and used it for the removal of fatty 
acids with excellent capacity17. Recently, Marszałek 
et al. showed noteworthy contributions regarding 
carbon nanotubes modification on bentonite at various 
reaction temperatures. Synthesized nanocomposite 
showed over 90% simultaneous reduction of 
anthracene, benzotriazole, Zn2+, and Pb2+18. Various 
modifiers lead to the synthesis of nanocomposites 
with different adsorption capacities. Thus, this study 
aims to compare landfill leachate treatment in terms 
of COD removal using three nanocomposites 
synthesized with the various modifiers (Surfactant, 
Amino acid, and Biopolymer). Nanocomposites were 
characterized using FE-SEM, XRD, FTIR, TGA, and 
Zeta potential analysis. Besides, kinetic and 
isotherm modelling and regeneration studies were 
investigated. 

Experimental Section 

Chemicals  
In the current study, Bentonite with 40 meq/100 g of 

CEC was used from the Aavaj mine (Khoros Dareh 
village, Qazvin). L-Arginine (C6H14N4O2, 99%), 
Hexadecyltrimethylammonium bromid (CTAB,CH3 

(CH2)15N(Br)(CH3)3, ≥98%), Chitosan (C56H103 N9O39) 
were purchased from Sigma-Aldrich company 
(Germany). Dilute HCl and NaOH (0.1 M) were utilized 
for adjustment of pH. All solutions were prepared with 
deionized water. 

Landfill leachate 
Leachate samples were collected from 

Mohammadabad landfill site that is situated at 25 km 
south of Qazvin. This landfill covers an area of about 
110 ha, and it receives 750 t of solid waste daily. 
Samples were collected from the evaporated ponds 
with a 20 L plastic container, transported to the 
laboratory, and held at 4°C. Leachate characteristics 
are detailed in supplementary data. 

Preparation of H/CTS-BEN, Arg/CTS-BEN, and CTS-BEN 
nanocomposites 

H/CTS-BEN nanocomposite 
To preparation of H/CTS-BEN nanocomposite, 

30 g of the bentonite in deionized water was dispersed 
for 30 min at 250 rpm. The HDTMA-Br solution (1 g 
CTAB in 100 mL solution) was slowly added to the 
bentonite mixture. The suspension of bentonite and 
HDTMA-Br were stirred for 4 h and separated 
through a vacuum filtration system. The CTAB-B 
suspension was washed with deionized waterand then 
dried in an oven at 65C for 12 h. Next, chitosan 
(CTS) was dissolved in 0.7 M acetic acid and mixed 
on the magnetic stirrer at 60 C for 30 min. The 
resulting solution was added dropwise to the CTAB-B 
suspension. This reaction was performed for 4 h at 
60°C. The prepared nanocomposite was washed 
several times with deionized water and labeled 
H/CTS-BEN nanocomposite. 

Arg/CTS-BEN nanocomposite 
To synthesis of the Arg/CTS-BEN nanocomposite, 

30 g of raw bentonite in deionized water was stirred 
for 30 min. A stoichiometric amount of the 
L-Arginine (Arg) was poured into deionized water
and its pH was adjusted to 3 with 0.1 M HCl. The
L-Arginine solution was slowly added to the bentonite
and mixed using a stirrer for 4 h at 60°C. The chitosan
prepared in the aforementioned step (2.3.1) was
slowly added to the Arg-BEN suspension. Reaction
between the Arg-BEN suspension and CTS was
performed for 4 h at 60 °C under acidic condition.
Precipitates were washed several times and labeled
Arg/CTS-BEN nanocomposite.

CTS-BEN nanocomposite 
To compare the effect of chitosan alone on 

bentonite modification, a CTS-BEN nanocomposite 
was prepared with 4 wt% of bentonite. The ion 
exchange method was utilized to CTS-BEN 
nanocomposite preparation. The CTS-BEN synthesis 
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method was similar to the Arg/CTS-BEN and H/CTS-
BEN nanocomposites without the addition of 
surfactant and amino acids. Chitosan (4 wt%) was 
dissolved in 0.7 M acetic acid and mixed at 60°C for 
30 min to protonate its NH2 groups. Then the CTS 
solution was slowly added to the BEN 
suspension.After a time, the CTS-BEN 
nanocomposite was washed, dried, and placed in a 
plastic container. 

Measurement and Characterizations 
All nanocomposites synthesized were characterized 

by FE-SEM (MIRA3TESCAN-XMU), FTIR in a 
wavelength range of 400–4000 cm−1(Perkin-Elmer 
spectrometer, BX spectrum, USA), XRD (X-ray 
Diffractometer Panalytical.s X.Pert Pro), TGA (TA 
Instruments DSC SDT Q600), and Zeta potential. The 
concentration of COD and adsorption capacity was 
determined using Eqs. 1-2. 

R %
C C
C

100 
…(1)

q
C C
m

V 
…(2)

where R (%) was the COD adsorption efficiency, 
Ci (mg/L) was the initial concentration of 
contaminants, Ce (mg/L) was the concentration of 
contaminants at time t, qe (mg/g) was the adsorbed 
amount at time t, m (g) was the nanocomposite 
dosage, and V (L) was the volume of solutions. 

Adsorption studies 
Adsorption experiments were conducted on the 

COD adsorption onto the synthesized 
nanocomposites. The influence of different variables 
such as dose of nanocomposites, contact time and pH 
were investigated. Adsorption tests were carried out 
in the pH range between 2-11 concerning COD and 
turbidity. The dose of nanocomposite for COD 
adsorption was used at 10-70 g/L. Also, the variation 
of contact time ranging from 10 to 100 min was 
considered for adsorption efficiency. 

Isotherm and kinetic modelling 
For configuration purposes, the relationship 

between equilibrium concentrations (Ce) and 
adsorption efficiency (qe) was analysed using 
Langmuir, Freundlich, and Temkin isotherm models. 
The kinetic investigations provide valuable 
information with regard to adsorption rate of 
contaminants, which associated with adsorption 

mechanism. The kinetic data was analysed by 
Pseudo -first order, Pseudo -second order, and 
Elovich kinetic models. 

Desorption with regeneration 
Desorption was conducted using 0.1M of HCl and 

NaOH for several sorption-desorption cycles. 

Results and Discussion 
Characterizations 

FE-SEM 
FE-SEM images of synthesized NCs are presented 

in Fig. 1 (a-d). Based on FE-SEM image, an irregular 
flake and massive structure is clearly seen for raw 
BEN [Fig. 1 (a)]. After modification with L-Arginine, 
the Arg/CTS-BEN nanocomposite was less 
aggregated and had larger and more numerous flakes 
[Fig. 1 (b)]. Enhanced adsorption capacity is caused 
by fragmentation of the flakes due to modification 
process of nanocomposites19. Due to the 
hydrophilicity of the raw BEN and the hydrophobicity 
of the HDTMA-Br, a strong repulsion occurs between 
the functional groups. In this case, the HDTMA-Br 
and CTS increase the basal space and create a coarse 
flake morphological structure [Fig. 1 (c)]. This causes 
the nanocomposite morphology to be significantly 
affected by tension-induced rupture after 
modification20. Fig. 1(d) demonstrates clearly the 
exfoliation of raw BEN in a CTS matrix, thus 
confirming the formation of intercalated 
nanocomposite, leading to the exfoliation of raw 
BEN. Uniformly dispersed small particles have been 
achieved compared to the raw BEN. This may be due 
to the Na+ ions in the raw BEN can be exchanged for 
modifying agents21. 

FTIR 
The infrared spectrum of the synthesized 

nanocomposites in the region from 4000-400 cm-1 is 
presented in Fig. 2. The typical adsorption band at 
1028.79 cm-1 that is related to asymmetric bridge 
bonds Si-O...Si of raw BEN, appeared in the curve of 
CST-BEN NCs, demonstrating the silicate layer 
structure of BEN was not changed after the reaction 
of CTS with BEN. In the CTS-BEN, the hydrogen 
stretching vibration band at 3625 cm-1 in the curve of 
raw Arg/CTS-BEN disappeared. Other hydroxyl-
related infrared absorption bands at 3401.58 
(-OH), 1028.79 (Al-OH), and 793.63 cm-1 
(Al-Mg-OH) were also increased or altered22, 23. The 
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typical band of CTS assigned to NH2 groups at 
1427.14 cm-1 was also disappeared due to reaction 
between amino groups on CTS with OH groups on the 
raw BEN24. The band at 3626.00 cm-1 in raw BEN is 
assigned to the hydroxyl structural group. This peak is 
transferred to 3609.26 cm-1 with modification of BEN 
with the HDTM-Br, indicating the new hydrophobic 
behaviour of the H/CTS-BEN NCs. Modification of 

BEN with HDTM-Br increased the intensity at around 
2851.59 and 2909.28 cm-1 that associated with 
asymmetric and symmetric stretching of the CH2 
groups25. Based on Fig. 2, the -OH groups at 3626.00 
cm-1 position in raw BEN sample is changed after
modification with L-Arginine. This change might be
due to the replacing the water molecules by amino
acid (L-Arginine) in the internal space of clay26. The
band at 1648.81cm-1 is related to the existence of
L-Arginine in the Arg/CTS-BEN nanocomposite. The
carboxylic stretch C=O of an L-Arginine appears at
this band. Formation of hydrogen bond between the
side-chain-amino group and thecarboxylic acid in the
Arg/CTS-BEN nanocomposite lead to this
phenomenon. Results prove the L-Arginine can hide
the negative charge of carboxylic acid via
intermolecular hydrogen bond27. FTIR patterns
described the presence of a robust affinity between
modifiers (HDTM-Br and L-Arginine) with an
interlayer space of BEN, and thus lead to the
formation of a new substance. This phenomenon
causes the various structures of the clays and the
monomers will show different properties28.

XRD 
The XRD pattern of synthesized nanocomposites 

are compared in Fig. 3. The XRD patterns present that 
the raw BEN contains a 26.69 Å mineral quartz, illite, 

Fig. 1 — FE-SEM images of synthesized NCs. (a) Raw BEN; (b) Arg/CTS-BEN; (c) H/CTS-BEN and (d) CTS-BEN NCs. 

Fig. 2 — FTIR patterns of raw BEN, Arg/CTS-BEN, H/CTS-BEN
and CTS-BEN NCs. 
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calcite, and albite. For the raw BEN, an intensity 
about 9.79 Å shifts to 10.15 Å after modification with 
amino acid. These results confirm that the successful 
loading of L-Arginine in the interlayer space of 
bentonite29. In CTS-BEN nanocomposite, the peak at 
10° vanished due to the break of the neutral or ionic 
intermolecular hydrogen bonds and the crystalline 
nature of chitosan, demonstrating prosperous 
modification of chitosan with raw BEN30. The 
intensity of CTS crystalline peak decreases from 
21.9ºto 21º for the CTS-BEN nanocomposite. These 
results indicate a decrease in the crystalline property 
of chitosan and a slight deformation of the silicate 
layers in the CTS-BEN nanocomposite31. The XRD 
pattern of the Arg/CTS-BEN and H/CTS-BEN NCs 
showed that functionalizing the raw BEN would not 
lead to a phase change. However, the extension of 
layers in the H/CTS-BEN nanocomposite is less than 
that of the Arg/CTS-BEN, and the interlayer spacing 
in the Arg/CTS-BEN is greater than in H/CTS-BEN 
nanocomposite. This can be attributed to the higher 
amino acid loading compared to the cationic 
surfactant. 

TGA 
Thermogravimetric analysis (TGA) of raw BEN, 

Arg/CTS-BEN, H/CTS-BEN, and CTS-BEN NCs are 
shown in supplementary data. The first step of mass 
loss (10–15%) at below 200°C is associated with the 
loss of interlayer water molecules. The continuous 
weight loss that corresponds to the dehydration of 
exchangeable cations, observed at temperature of 200-
700°C (Second step).The third weight loss is due to 
the loss of hydroxyl groups at temperatures above 
700°C31. Comparison of TGA curves of H/CTS-BEN 
[Fig. 4 (b)] with Arg/CTS-BEN show that the rate of 

weight loss in Arg/CTS-BEN is higher than H/CTS-
BEN NCs. Weight loss in H/CTS-BEN and Arg/CTS-
BEN NCs was 13.7% and 27.1%, respectively that is 
related to the higher concentration of amino acid 
loading than the cationic surfactant. 

Zeta potential 
The zeta potential of raw BEN gradually changed 

from negative (-31.4 mV) to positive (+10.3 mV and 
+1.5 mV) after modification process with L-arginine
and cationic surfactant, respectively. In addition,
CTS-BEN has a zeta potential of -13.7 mV. Indeed,
the protonated eNH2 groups on CTS leads to
positively charged of CTS in acidic conditions that
could be saturate of the negative charges on raw BEN.
As the zeta potential changed from negative to
positive with modification, the enhanced adsorption
capacity should not be related to the electrostatic
interaction or cation exchange; instead, the
interactions between CTS and cation, i.e., cation
binding to the CTS functional groups (e.g., eOH,
eNH2), could be the primary cause for the increased
adsorption of cation on modified nanocomposites32.

Batch adsorption experiments 

Effect of pH 
Solution pH as a crucial parameter is considered 

for adsorption of contaminants. All organic matters 
with proton binding sites can exist in cationic, 
anionic, and neutral form depending on the solution 
pH33. Therefore, influence of pH on adsorption rate 
was investigated which is shown in Fig. 4. The 
maximum COD adsorption was obtained in acidic 
condition (pH 3).Comparison of removal efficiency 
with all three nanocomposites showed that H/CTS-
BEN and CTS-BEN NCs caused the highest and 

Fig. 3— XRD pattern of synthesized nanocomposites at 2 theta (Å). 
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lowest COD removal, respectively. The removal 
percentage of COD was 67.9, 65.5, and 48.2% by 
H/CTS-BEN, Arg/CTS-BEN, and CTS-BEN NCs, 
respectively. When the solution pH raised from 3.0 to 
8.0, the removal percentage of COD due to the 
decreasing positive charge declined. In acidic pH, due 
to increase in H+ and decrease in OH− ions, cause the 
synthesized nanocomposites to have positive charge; 
thus, electrostatic attraction force between the 
nanocomposites and COD molecule, it can adsorb 
negatively charged species34. As the pH increases to 
11.0, the removal of COD in all three nanocomposites 

increases but is less than in acidic conditions. Under 
alkaline conditions, the functional groups available on 
the bentonite surface are completely or partially 
deprotonated and lead to increase the negative charge 
on the nanocomposite surface. This phenomenon is 
due to the presence of -OH and COO- groups leading 
to increased electrostatic force between active sites 
and contaminant35. 

Effect of nanocomposite dosage 
Nanocomposite dosage is one of the other effective 

factors in the adsorption process, which investigated 
in Fig. 4 (b). Comparison of results indicate that the 
H/CTS-BEN nanocomposite was the most effective 
for COD removal (68.4%). The results of 
nanocomposite dosage exhibit that by increasing the 
nanocomposite amount from 10 to 40 g the COD 
removal was enhanced, which is due to increase of 
available active sites number, which in turn improves 
the contact surface between the nanocomposite and 
contaminants. As shown in Fig. 4 (c), with increasing 
dosage from 10 to 40 g, an increase in percentage 
ratio from 50.5 to 67.9%, 47.9 to 65.5% and 32.3 to 
48.2% was obtained for H/CTS-BEN, Arg/CTS-BEN, 
and CTS-BEN, respectively. Increasing the 
nanocomposite dose up to 50 g/L caused a slight 
increase in COD removal approximately 0.5, 0.8 and 
0.6% for H/CTS-BEN, Arg/CTS-BEN, and CTS-BEN 
NCs, respectively. Based on cost-effectiveness of 
each process, the optimal dose of 40 g was selected 
for further investigation. There was no further increase 
in the COD removal at dosage from 50 to 70 g, which is 
associated with aggregation of active sites with excess 
dosage. This decrease in removal percentage has been 
related to increasing adsorption active sites leading in 
less utilization due to aggregation of the sites as 
explained earlier. These results are similar to those 
reported by many researchers for various 
contaminants36-38. 

Effect of contact time 
One of the significant variables in COD removal by 

adsorption process is the contact time for interaction 
between the nanocomposite and COD molecules. In 
this study, contact time in the range between 10 to 
100 min was studied for COD removal efficiency 
Fig. 4(c). COD removal percentage for H/CTS-BEN, 
Arg/CTS-BEN, and CTS-BEN NCs were obtained 
71.3%, 67.9%, and 52%, respectively. The results 
presented in Fig. 4(c) demonstrate that at the 
beginning of the reaction due to existence of more 

Fig. 4 — (a) Effect of contact time on COD removal by different
nanocomposites at 25C; (b) Effect of initial pH on the COD
adsorption onto various nanocomposites. Contact time: 30 min,
Nanocomposite dosage: 40 g/L, and Temperature: 25°C and
(a) Effect of nanocomposite dosage on COD removal by different
nanocomposites at 25C.
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active sites number, COD removal efficiency raises at 
20 min, the reaction reached its equilibrium limit 
(60 min), and elimination rate displayed no 
considerable difference from this moment on. This 
could be attributed to reduce in COD concentration as 
well as decrease in active sites number available on 
the nanocomposites surface37. 

Kinetics and isotherm modelling 
The kinetics modelling were applied to determine 

multistep mechanisms adsorption processes39. Kinetic 
analysis was conducted with the pseudo first-order, 
pseudo-second-order, and Elovich equations. The 
kinetics modelling of COD removal with respect to 
the various contact times is shown in Supplementary 
data and the kinetic parameters are shown in Table 1. 
The R2 values of H/CTS-BEN, Arg/CTS-BEN, and 
CTS-BEN NCs were observed to be 0.99, 1.00 and 
0.99 for the pseudo-second-order kinetic model, 
respectively. The best correlation of the model fitting 
has the highest R2 value. Among the synthesized 
nanocomposites, Arg/CTS-BEN shows a strong 

correlation (R2=1) for the pseudo-second-order. 
Arg/CTS-BEN displayed the fastest adsorption rate 
followed by H/CTS-BEN and CTS-BEN NCs. Based on 
Table 1, experimental adsorbed amount of the COD 
(qe.exp) are same to the calculated amounts (qe.cal) from 
models. This may be related to that more COD 
molecules were immediately bounded on the 
nanocomposite surface due to the increased mass 
transfer rate. Similar result was reported by Gulen 
et al. in the adsorption of ciprofloxacin into dioctahedral 
clay40. Besides, many researchers were stated similar 
kinetics results for the adsorption kinetics of pollutants41, 

42. Based on the assumption of pseudo-second-order
kinetic model, the adsorption of COD onto
nanocomposites is chemisorption. Chemical adsorption
refers to electrostatic phenomenon due to ion exchange
activity on the nanocomposite surface, while physical
adsorption mostly takes place on the surface of non-
polar pores. Due to the nature of organic molecules
(polar and non-polar) and the CEC of nanocomposites,
both physical and chemical adsorptions are proposed as
the dominant adsorption mechanisms.

Table 1 — Kinetic and isotherm modelling comparison for COD removal. 

H/CTS-BEN Arg/CTS-BEN  CTS-BEN  

qe (Exp)(mg/g) 9.47 8.33 9.88
Pseudo-first-order qe (mg/g) 6.22  3.53  4.90  

K1(L/mg)  0.0645  0.0411  0.0508  
R2 0.94  1.00  0.95  

RMSE 3.36  4.84  5.03  
Pseudo-second-order qe (mg/g) 10.10  8.77  10.53  

K2(L/mg)  0.01792  0.02166  0.01770  
R2 0.99  1.00  0.99  

RMSE  0.34  0.20  0.39  
Elovich α 3.4016  3.7469  5.9128  

β 0.8264  0.9560  0.8547  
R2 0.97  0.99  0.97  

RMSE  2.88  2.34  2.76  
Langmuir qm (mg/g) 25.641  28.653  25.000  

KL(L/mg)  0.217  0.048  0.714  
RL 0.03-0.32  0.12-0.68  0.01-0.12  
R2 0.99  0.999  0.987  

RMSE 0.908  0.094  2.830  
Freundlich Kf (L/mg)  4.665  1.649  9.3  

N 2.00  1.449  3.333  
R2 0.95  0.973  0.980  

RMSE 2.329  1.847  1.126  
Temkin AT(L/g) 3.94  0.75  95.32  

bT 563.4  476.7  922.2  
B(J/mol) 4.4  5.2  2.688  

R2 0.98  0.960  0.943  
RMSE  0.935  1.154  1.759  
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On the other hand, Table 1 shows the comparisons 
of isotherm constants between H/CTS-BEN, 
Arg/CTS-BEN, and CTS-BEN NCs. To identify the 
adsorption mechanisms, the generally isotherm 
models such as Langmuir, Freundlich, and Temkin 
models were used to fit the equilibrium adsorption 
data (Refer to supplementary data). Langmuir 
isotherm model refers to the monolayer adsorption on 
a homogeneous surface, which is favourable where 0 
<RL>1. Unlike the Langmuir model, Freundlich 
isotherm describes the multilayer adsorption. n values 
of 1–10 as the heterogeneity factor represent that 
adsorption is favourable43. The R2 values confirm the 
good correlation of the experimental data with the 
Langmuir model more than with two other models. 
The maximum capacity of COD were obtained using 
the Langmuir model at 28.65 mg/g for Arg/CTS-BEN 
nanocomposite (R2 0.99). Similar isotherm results 
were reported by Ravi et al. for adsorption process44. 
This result reveals that monolayer adsorption occurs 
on a uniform nanocomposite surface with the same 
adsorption energy. In this state, the adsorption 
capacity with new active sites increases leading to a 
process does not involve a strong interaction between 
the adsorbate molecules. 
 
Reusability  

To evaluation of feasibility studies, the synthesized 
nanocomposites were reused several times. Fig. 5 
demonstrated the five repeated desorption cycles with 
acid and base solution as desorbing agent for COD 
removal. The results indicated that NaOH was better 
eluent than HCl for the regeneration of studied 
nanocomposites. The sorption of COD with NaOH as 

eluent declined from 71.3 to 49.3%, 67.9 to 35.6%, 
and 52 to 32.5% concerning H/CTS-BEN, Arg/CTS-
BEN and CTS/BEN NCs after five cycles, 
respectively (Fig. 5). Reduction in sorption rate using 
HCl 0.1 M reached 71.3 to 35.6%, 67.9 to 22.7%, and 
52 to 24.1%, respectively. The reduction in COD 
sorption could be associated with the loss of 
nanocomposite mass and active sites caused by the 
eluent washing45. The results of reusability revealed 
that the synthesized nanocomposites could be 
efficiently regenerated up to fifth cycle with by NaOH 
treatment. 
 

Conclusion 
H/CTS-BEN, Arg/CTS-BEN and CTS-BEN NCs 

were studied as a natural, green and promising 
composite media for the removal of COD molecules 
from real landfill leachate. The nanocomposites were 
characterized using FE-SEM, XRD, FTIR, TGA and 
Zeta potential techniques. The optimized variables for 
maximum sorption were obtained as follows: pH (3), 
contact time (20 min), and NCs dosage (40 g/L). COD 
removal percentage for H/CTS-BEN, Arg/CTS-BEN, 
and CTS-BEN NCs were obtained 71.3%, 67.9%, and 
52%, respectively at equilibrium time. The Zeta 
potential was increased after modification. The 
maximum monolayer sorption capacity of COD was 
obtained 25.64, 28.65 and 25.00 mg/g with H/CTS-
BEN, Arg/CTS-BEN and CTS-BEN NCs, 
respectively. The isotherms comparison study showed 
that the adsorption of COD onto nanocomposites 
obeyed the Langmuir isotherm model (R2 0.99). The 
best followed kinetic model was pseudo-second order 
model. Chemisorption as the dominant mechanism 

 
 

Fig. 5 — Reusability analysis of synthesized nanocomposites for the removal of COD. 
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was proposed for COD removal. The synthesized 
nanocomposites also display excellent reusability and 
can be regenerated successfully up to five cycles. It is 
concluded that the synthesized nanocomposites can be 
utilized to treat the leachate from landfill sites. 
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