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Abstract
In this present work, MWCNTs modified NiFe2O4 NPs (M-MWCNT) were successfully fabricated based on 
a hydrothermal route, and then utilized to Pb(II) sorption from an aqueous solution. The M-MWCNT was 
characterized and analyzed by SEM, TEM, FTIR, XRD, and VSM techniques. TEM image demonstrated that 
the size of NiFe2O4 nanoparticles in the structure of MWCNT was 20 nm. VSM results indicated that the 
M-MWCNT with saturation magnetization (Ms) value of  7 emu/g would have a fast magnetic response. 
According to X-ray data the average crystal sizes of the pure NiFe2O4 and M-MWCNT are 21.62 and 7.25 
nm, respectively. The sorption kinetics, isotherms, thermodynamic and regeneration performance for 
lead ((Pb(II)) ions were evaluated. The M-MWCNT can effectively remove Pb(II) from aqueous solution 
at optimum pH of 5.5. Based on the Langmuir model, the maximum saturated adsorbed amount (qmax) 
of Pb(II) was up to 85.12 mg/g. The kinetic characteristic was appropriate for pseudo 1st order model 
expression, and the isothermal characteristic can be described via Longmuir model. The data obtained 
from the thermodynamic study show that the Pb(II) sorption using M-MWCNT nanocomposite was a 
spontaneous, exothermic and physisorption process with a good regeneration performance.

Keywords:  Isotherms; Kinetics; MWCNT; Nanocomposite; NiFe2O4 NPs; Pb(II) Sorption; QMAX. 
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INTRODUCTION
The control and removal of toxic components 

from water such as heavy metal ions, dyestuff 
waste, pesticides, pharmaceutical waste, and 
bacteriological contamination constitute a vital 
research domain [1]. Lead (Pb) is one of the 
common heavy metal contaminants in wastewater, 
specifically in battery industrial wastewater. The 

release of Pb in the environment could lead to 
human health issues [2].

According to the World Health Organization 
reportes accures 143 million deaths  due to Pb(II) 
pollutants in the developing countries annually. 
Hence, the permissible limit is 0.05 mg/L set by 
the US Environmental Protection Agency and 
0.01 mg/L, which is regulated by the EU countries 
[3]. A high number of research works have been 
carried out on the adsorptive removal of PB(II) 

http://creativecommons.org/licenses/by/4.0/.
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metal ions. Abdel-Ghani et al. were employed 
low-cost adsorbents such as rice husks, maize 
cobs and sawdust for removal of Pb(II) at different 
adsorbent/metal ion ratios. They found that 
the  sorption efficiencies were found to be pH 
dependent, rising by enhancing the solution pH 
from 2.5 to 6.5. they work results indicated the 
maximum removal percentage was obtained at an 
adsorbent dosage of 1.5 g in the equilibrium time 
of 120 min. Also, it was illustrated that Temkin 
isotherm model had best fitted the adsorption 
data [4]. 

Plenty of adsorbents, like activated carbon, 
graphene oxide, nano-materials, biomaterials, 
polymeric material, MOFs, and Carbon nanotubes 
(CNTs) have been utilized for the removal of Pb 
from water.

CNTs have a promising future as sorbent for the 
removal of different pollutants from wastewater. 
Multi-wall carbon nanotubes possess some 
favorable attributes of tiny size and diameter, 
layered hollow skeleton, enormous surface 
area, high aspect ratio, and good mechanical 
strength and conductivity [5, 6]. Nonetheless, 
MWCNTs nanocomposite could not be easily 
separated from the liquid phase via filtration or 
centrifugation owing to their nano size and low 
density. The uncontrolled discharge of MWCNTs in 
the environment is a trouble due to their natural 
and ecological damages. Thus, the fabrication of 
an MWCNTs nanocomposite with easily separable 
is critical to its wide application in the future [7].

For increasing the separation of MWCNTs 
from the treated solution, it could be modified 
using magnetic NPs like Fe2O3, Fe3O4, CoFe2O4, 
MnFe2O4 and NiFe2O4 as an effective and non-
contact method [8]. Magnetic adsorbents have 
attracted plenty of attention from researchers 
in wastewater treatment processes [7, 9-11]. In 
special, NiFe2O4 with high density, high saturation 
magnetization, moderately enormous surface 
area, good thermal stability, and acid resistance is 
an excellent candidate to be applied in wastewater 
treatment [12]. Many researchs have been carried 
out on the adsorptive removal of pullutant 
using magnetic NPs. For example, Hakimyfard 
and Khademinia [13] findings indicated that the 
optimized conditions for the degradation of a 100 
mL of 80 ppm MG aqueous solution by NiFe2O4 are 
0.03 mL H2O2, 0.038 g catalyst and 45 min reaction 
time. The degradation yield at the optimized 

conditions under visible light irradiation was 95 
%. The light source was a white color fluorescent 
lamp with the 40 W power and light intensity 
of 1.34 W/m2 measured by a digital lux meter. 
Bagheri et al. [14] successfully used CuFe2O4 in the 
photodegradation of acid red 206 from aqueous 
solution. The results show that the CuFe2O4 is an 
active photocatalyst. A first order reaction with 
K=0.123 min-1 was observed. Abideen Idowu 
et al.[15] showed that adsorption of digestive 
enzymes was hardly adsorbed by MnFe2O4 
sorbent. The sorption was study in a batch system 
and the data were subjected to isotherm and 
kinetics models. The pseudo 1st order model best 
fitted the kinetic data with R2> 0.99. The data 
were fitted well by the entire isotherm models 
considered with the maximum adsorption uptake 
of 1.602 and 7.330 mg/g. Decoration of MWCNTs 
surface by spinel ferrite NPs could lead to boosting 
optical, magnetic, and electrochemical properties 
of MWCNTs [16]. Kafshgari et al. [17] have 
synthesized MnFe2O4/MWCNT to adsorb DR16 
(607.79 mg/g) and Y40 dyes (280 mg/g) from 
aqueous solution. Foroutan et al. [18] successfully 
used CNT/MgO/CuFe2O4 magnetic composite for 
adsorption of methyl violet (36.46 mg/g) and Nile 
blue (35.60 mg/g) from aqueous solution. The 
adsorption capacities of dyes by CNT adsorbents 
have been extensively reviewed by Sadegh et al. 
[19].

In this work, a novel sorbent NiFe2O4@
MWCNTs employs to adsorb Pb(II). Properties of 
multiwall carbon nanotubes decorated NiFe2O4 
NPs (M-MWCNTs) were evaluated with different 
methods such as SEM, TEM, XRD, FTIR, and VSM. 
In the next step, the removal percentage of lead 
ions was assessed and isotherm, kinetics, and 
thermodynamics of adsorption were examined. In 
view of the sorption results and reuse ability of the 
M-MWCNT nanoadsorbent, the M-MWCNT has 
been suggested as a highly promising adsorbent 
for useful application in the water treatment 
industry.

EXPERIMENTAL SECTION
Materials and apparatus

The MWCNTs (95% purity) were purchased 
from US Research Nanomaterials, Inc. All other 
chemicals used in this study (Ni(NO3)2⋅6H2O, 
Fe(NO3)3⋅9H2O, Pb(NO3)2, HCl and NaOH) were 
bought from Merck. 
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Fabrication of M-MWCNTs nanocomposite
The M-MWCNTs nanocomposites were 

fabricated via the hydrothermal route. Briefly, 200 
mg MWCNT was dispersed into a 50 mL double 
distilled water to obtained a homogenous solution. 
Then, a solution of 1M Ni (NO3)2 and 2M Fe (NO3)3 
was added to the aforementioned mixture. A few 
drops of NaOH solution (2 M) were gently added 
under constant mechanical stirring for adjusting 
the pH of the solution (pH=12). Afterward, the 
suspension was stirring at 40 °C for 2 hours in a hot 
bath. Then the homogenous suspension shifted 
to autoclave (Teflon lined) and heated at 160 °C 
in an electric oven and kept at this temperature 
for 15 hours. To remove impurities (e.g., NO3

¯ and 
Na+), obtained product was rinsed using double 
distilled water several times and subsequently 
the M-MWCNTs nanocomposite were separated 
from the liquid phase by a magnet. At the end, the 
nanocomposites were dried in an electric oven at 
100 ± 5 °C for 8 hours. The fabricated M-MWCNT 
adsorbent was stored in a desiccator before use 
[6, 8, 20].

Characterization techniques
The synthesized nanocomposite was assessed 

by a SEM (Sigma, Carl Zeiss, and Germany) and 
a TEM (Zeiss-EM10C). The TEM was used to 
achieved images at an acceleration voltage of 80 
kV. A X’pert MPD, Philips diffraction spectrometer 
with Cu Kα radiation (λ = 1.54 Å) was utilized to 
measure the X-ray diffraction. FTIR spectroscopy 
was utilized to detect the functional group of the 
fabricated M-MWCNTs from 400 to 4000 cm-1 a 
Bruker-VEATOR22. The magnetic properties were 
obtained by a VSM (MDKFD, Meghnatis Daghigh 
Kavir. Co, Iran) at ambient temperature. The zeta 
potential of the nanocomposite suspension was 
measured by MICROTRAC Nanotrac Wave particle 
size analyzer.

Adsorption measurements 
Batch experiments were used to carry Pb(II) 

removal measurements in 100 mL conical flasks 
using a horizontal shaker with a shaking speed of 
200 rpm. The sorption kinetics, isotherm, and the 
impact of pH on Pb(II) sorption by the M-MWCNTs 
were performed. To study the kinetic and isotherm 
of sorption, tests at various shaking times (2-210 
minutes) and various Pb(II) concentrations (20-
150 ppm) were implemented, respectively. The 
solution was shaken continuously at 200 rpm 

in a temperature varying from 298 to 318 ºK. 
At the end of experiments, the solid and liquid 
phases were separated by a magnet and final 
Pb(II) concentration was determined by Thermo 
Elemental’s SOLAAR S Series atomic absorption 
spectrometry [21]. 

For investigation impact of pH, a predetermined 
dose of M-MWCNTs was added into the vials 
containing a specified initial concentration of 
Pb(II) at pH value from 2.0 to 6.0 (setting with 
addition of hydrochloric acid 0.1 mol/L) at ambient 
temperature. It is proven that the acidic conditions, 
lead is the majority generally located as ions in 
+2 oxidation form. Pb(II) ions hydrolyze in the 
aquatic phase at a pH over 5.5, depending on their 
concentration. At pH value above 6, complexes of 
Pb(II) such as Pb(OH)3

ˉ, Pb(OH)2, Pb3(OH)4
3+, and 

Pb4(OH)4
4+ are constituted in the liquid medium 

and this indicates that the Pb(II) sorption is mostly 
due to precipitation but not sorption [22-25].

In the elution sorption recycle test, hydrochloric 
acid (2 M) was applied as a desorption agent. 
First, a mixture of HCl with M-MWCNT adsorbed 
Pb(II) was reacted for 8 hours at 298 ºK. Next, 
the adsorbent can readily be eliminated from 
solution using a magnetic field. Subsequently, the 
regenerated adsorbent was eluted with double 
distilled water (to remove the adsorbed acid) 
and again reused for adsorption of Pb ions. Four 
lead adsorption-desorption regeneration tests 
were conducted on the M-MWCNT sorbent. Each 
experiment was repeated in triplicates, and the 
average magnitudes were selected for further 
analysis, the relative error of the outcomes was 
less than 1%.

Calculations
The uptake capacity and removal percentage 

are formulated by the fallowing Eqs. (1) and (2) 
[26]:
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in which qt(mg/g): the uptake capacity, C0(ppm): 
initial concentration, Ct(ppm): concentration at 
time t, and R (%): removal percentage.
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To assess the sorption kinetics, two reaction 
kinetic models were used: the Lagergren pseudo 
1st order (LFO) expressed by Eq. (3), and the Ho-
McKay’s pseudo 2nd order (PSO) expressed by Eq. 
(4) [17]:

e t e 1ln(q -q  )= ln q -k  t, � (3)

in which qe and qt (mg/g) denote amounts 
of dye adsorbed at equilibrium and time t, 
respectively, and k1 (1/min) refers to the rate 
constant of the LFO.

2
2

1 
t e e

t t
q k q q
= +

�
(4)

in which k2 (g/(mg min)) is the rate constant of 
the PSO.

The sorption experiments were also fitted by 
the Langmuir and Freundlich sorption isotherms 
according to Eqs. (5) and (6), respectively [17].

m
e

qq =
1

l e

l e

k C
k C+ �

(5)

e F e

1
nfq =k  C � (6)

in which qm (mg/g) indicates the maximum 
sorption capacity and kl (L/g) is the Langmuir 
constant illustrating the binding site affinity. 
In addition, kF (L/g) is Freundlich constant 
representing the sorption capacity.

To evaluated the impact of temperature 
on sorption of Pb(II), sorption tests were 
also performed at 298, 308 and 318 K. The 
thermodynamic parameters like change of 
enthalpy (ΔH°, J/mol), entropy (ΔS°, J/mol K) and 
Gibbs free energy (ΔG°, J/mol) magnitudes were 
estimated from the linearized Van’t Hoff equation, 
Eqs. (7) and (8) [27]:

ln cG R K∆ = − Τ

� (7)

ln =c
SK
R R
∆ ∆Η

−
Τ

 

�
(8)

where Kc is the adsorption equilibrium constant 
(L/g), R and T represent the universal gas constant 

(8.314 J/mol K) and the Kelvin, respectively.

RESULTS AND DISCUSSIONS
Characterization of M-MWCNTs nanocomposites

The surface morphology of the as-prepared 
NiFe2O4 NPs and M-MWCNT nanocomposite 
were illustrated by SEM, as observed in Figs. 1(a) 
and 1(b). In Fig. 1(a), particles that are spherical 
in shape with extremely small in dimension are 
evident in the SEM picture, and represented the 
regular morphology of NiFe2O4 NPs. Also, Fig. 
1(b) reveals that NiFe2O4 NPs are successfully 
decorated on the outer walls of MWCNTs using 
covalent modified. 

Moreover, extra investigation of morphology 
and building of M-MWCNT was taken out using 
the TEM technique. The TEM image of the as-
mentioned specimen is depicted in Fig. 1(c). TEM 
image demonstrated that the size of NiFe2O4 
nanoparticles in the structure of MWCNT was 20 
nm.

FTIR technique provides good information 
about the dominant functional groups and the 
characteristic vibrational bands of samples. 
Fig. 1(d) revealed FTIR pattern of samples. The 
presence of peak at 3500 cm-1 is ascribed to 
stretching vibration of OH adsorbed on the surface 
of samples. The absorbance around 2900 cm-1 is 
corresponded to –CH3/CH2 stretching vibration 
and the peak at 1400-1600 cm-1 was attributed to 
C=O stretching vibration (carboxylic acid groups of 
MWCNT). The characteristic stretching vibration 
of the –C–C–C group was observed around 1100 
cm-1 [16]. Moreover, the bands at 400-600 cm-1 
attributed to the Fe(Ni)–O feature peaks [20]. 

Fig. 1 (e) illustrated the XRD spectra of 
M-MWCNT. The prominent peaks at a 2θ of 
18.65° (111), 30.32° (220), 35.57° (311), 43.16° 
(400), 53.25° (422), 56.85° (511), 62.071° (440) 
and 73.43° (533) were corresponded to the 
NiFe2O4 NPs (JCPDS no. 54-0964) [8]. MWCNT 
characteristic peaks were indicated at 2θ=26.12° 
(002), and 40.85° (100), which were identical to 
Yu et al report [28]. According to X-ray data the 
average crystal sizes of the pure NiFe2O4 and 
M-MWCNT are 21.62 and 7.25 nm, respectively.

The magnetic hysteresis loops of NiFe2O4 NPs 
and M-MWCNT nanocomposite were depicted in 
Fig. 1(f). Low remnant magnetization and coercivity 
in two specimens validated the superparamagnetic 
behavior, and the magnetic saturation value Ms is 
28 and 7 emu/g for NiFe2O4 NPs and M-MWCNT, 
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respectively. These data verified that the foreseen 
M-MWCNT was synthesized successfully [8].

Effect of pH
The pH magnitude impacts the charge transfer 

on the liquid/solid interface which influences the 
removal performance. Fig. 2 displayed outcomes 
of the experimentation at various pH magnitudes. 

In this work, the first reasons leading to Pb(II) 
sorption was the coordination reaction between 
–COOH and Pb(II). It was found that the lead is 
capable to reacts with –COOH and releasing H+. 
Subsequently, it can be deduced that the removal 
performance of lead was confined via magnitude 
of pH. An increase in H+ concentration has an 
unfavorable effect on the supersedence of the 

 

 

Fig. 1. Characterization of samples: SEM image of NiFe2O4 (a) and SEM image of M-MWCNTs (b), TEM 
image of M-MWCNTs (c), FTIR spectra (d), XRD spectrum (e), and magnetic hysteresis loop of samples 
(f). 
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Fig. 2. Influence of pH magnitude for the removal and sorption capacity of Pb(II) onto M-MWCNT. 
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Fig. 1. Characterization of samples: SEM image of NiFe2O4 (a) and SEM image of M-MWCNTs (b), TEM image of M-MWCNTs (c), FTIR 
spectra (d), XRD spectrum (e), and magnetic hysteresis loop of samples (f).

Fig. 2. Influence of pH magnitude for the removal and sorption capacity of Pb(II) onto M-MWCNT.
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H+ from –COOH by lead ions. At low pH values, 
positive trend of replacement may be harshly 
limited [25]. Hence, a decrease in pH will be led to 
a decrease in the Pb(II) removal efficiency. Fig. 2 
shows the highest amount of 95.7% in the solution 
with a pH of 5.5. Also, pH values higher than 6.0 
was disbenefit to the Pb(II) removal efficiency, 
owing to the fact that the by-products of Pb like 
Pb4(OH)4

4+, Pb3(OH)4
2+ and Pb(OH)+, were formed 

[29].

Kinetics of adsorption
A non-linear version of the Lagergren 1st order 

(LFO) and pseudo 2nd order (PSO) kinetic models 
was executed, as illustrated in Fig. 3, and estimated 
values of qe, k1, k2, and R2 are summarized in Table 
1.

The Pb(II) kinetic upshots revealed that the 
LFO and PSO models both fitted the empirical data 
well. Furthermore, correlation coefficients (R2) 
were reported 0.9755 and 0.9472 for LFO and PSO 

kinetics, respectively. This revealed that the LFO 
kinetic is the best model for sorption of Pb onto 
M-MWCNTs. As presented in Table 1, the qe values 
achieved from LFO and PSO model were 19.77 and 
23.72 mg/g, respectively. 

Sorption isotherm
Freundlich and Langmuir are two basic models 

for the investigation of equilibrium sorption 
isotherms. According to Langmuir’s theory, 
monolayer sorption occurs, while the Freundlich 
sorption isotherm is a benefit equation to express 
the sorption behavior on a heterogeneous surface 
[6]. Fig. 4 illustrates the amount of Pb(II) adsorbed 
on M-MWCNTs as a function of the equilibrium lead 
ion concentration. The related nonlinear constants 
and the calculated regression coefficients (R2) are 
tabulated in Table 2.

The Langmuir model provided much higher R2 
magnitude (R2=0.9972) than did the Freundlich 
model for the lead ions sorption onto M-MWCNTs 

 

Fig. 3. Lagergren 1st order and pseudo 2nd order kinetics curve for Pb(II) onto M-MWCNTs. 
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Fig. 3. Lagergren 1st order and pseudo 2nd order kinetics curve for Pb(II) onto M-MWCNTs.

Table 1. Kinetic parameters for Pb(II) adsorption onto M‐MWCNTs. 
 

Kinetic model  Parameters 
Ion concentration (ppm) 
Pb(II) 
50 

Pseudo 1st order 
K1 (1/min)  0.0353 
qe,cal (mg/g)  19.77 
R2 0.9752

Pseudo 2nd order 
K2 (g/mg min)  0.0015 
qe,cal (mg/g)  23.72 
R2  0.9472 

 
   

Table 1. Kinetic parameters for Pb(II) adsorption onto M-MWCNTs.
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nanocomposite, showing its better fit with the 
empirical data. The value of Forster ¨ constant 
(1<n<10) in the Freundlich equation explains 
favorable sorption of Pb(II). As the n values of 
M-MWCNTs were in the favorable range (n =1.760, 

2.042, and 2.158), shows that the sorption process 
of M-MWCNTs for Pb(II) is favorable sorption. The 
adsorption capacity of M-MWCNTs is compared 
with those obtained for other materials for Pb(II) 
and summarised in Table 3.

 

Fig. 4. Langmuir (a), and Freundlich (b) adsorption isotherms for Pb(II) onto M-MWCNTs. 
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Isotherm Parameters 

Temperature (K) 

DR16 

298 K  308 K  318 K 

Langmuir       

qm (mg/g)  85.12  65.09  60.41 

KL (L/g)  0.1272  0.1193  0.1104 

R2  0.9972  0.9865  0.9732 

Freundlich       

KF (L/g)  12.512  10.486  9.8750 

n  1.760  2.042  2.158 

R2  0.9896  0.9667  0.9245 
 
   

Fig. 4. Langmuir (a), and Freundlich (b) adsorption isotherms for Pb(II) onto M-MWCNTs.

Table 2. Isotherm factors for Pb(II) sorption onto M-MWCNTs.

 
 

Table 3. Comparison of Pb(II) adsorption on the different adsorbents. 
 

Materials   Langmuir Adsorption Capacity (mg/g)  Rate constant (g/mg min)  Reference 
ACMA  1.634  0.012  [30] 
TC‐AC  47.17  0.0205  [31] TT‐AC  46.95  0.0610 
SH‐ATP  65.57  0.0136  [32] 
CNTs/GP  52.74 0.0008 [33]
M‐MWCNT  85.12  0.0015  Present Study 

 
 
   
   

Table 3. Comparison of Pb(II) adsorption on the different adsorbents.
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Thermodynamic study
The ΔH° and ΔS° values can be achieved from 

the slope and intercept of Van’t Hoff curve of Ln Kc 
vs. 1/T, respectively (Fig. 5). The negative value ΔH° 
reveals the exothermic nature of Pb(II) sorption 
on the M-MWCNT. Table 4 indicates the negative 
values of ΔG°, which confirmed that Pb(II) sorption 
on the M-MWCNT was spontaneous. Also, the 
negative value of ΔS° validates the decreased 

randomness at the solid/solute interface of Pb(II) 
on the M-MWCNT nanocomposites. Magnitudes 
of ΔG° are obtained close by 5 kJ/mol; this supports 
the verification that the sorption mechanism 
pursues the physisorption mechanism. Typically, 
it is proven that the ΔH° values in ranging from 
2.1-20.9 kJ/mol imply a physisorption mechanism, 
while the chemisorption mechanism happens 
within 80 to 200 kJ/mol [21]. 

 

Fig. 5. Pattern of ln Kc vs. 1/T for Pb(II) sorption onto M-MWCNTs.  
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Fig. 5. Pattern of ln Kc vs. 1/T for Pb(II) sorption onto M-MWCNTs.

 
Table 4. Thermodynamic parameters for the sorption of Pb(II) on M‐MWCNTs. 

 
(mg/g) 0C  Temperature (K)       

50   298   ‐5.322   ‐33.507  ‐15.239  
   308   ‐4.773        
   318   ‐4.661        

 
 

Table 4. Thermodynamic parameters for the sorption of Pb(II) on M-MWCNTs.

 

Fig. 6. Removal efficiency of M-MWCNT for Pb(II) after four successive sorption-desorption cycles.  
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Desorption and reuses
In this work, the regeneration of M-MWCNT was 

investigated by 4 cycles of sorption/desorption. As 
shown in Fig. 6, the removal efficiency of Pb(II) 
decreases with the increase of cycle numbers. This 
phenomenon may be due to the active sites being 
occupied by metal ions and possible impurities. 
In the fourth regeneration cycle, the removal 
efficiency of Pb(II) onto M-MWCNT was 86.4%, 
which is 96.75% of the original removal efficiency. 
Moreover, this decline in the percentage probably 
could appear to be due to the loss of materials in 
the course of treatment/wash cycles.

CONCLUSION
The M-MWCNT nanoadsorbent synthesized 

by hydrothermal method and applied for Pb(II) 
sorption from wastewater. The characterization of 
the prepared M-MWCNT verified the successful 
fabrication of the metallic NPs with spherical 
shape in the nanocomposite. NiFe2O4 NPs are 
decorated on the outer walls of MWCNTs using 
covalent modified. Low remnant magnetization 
and coercivity in two specimens validated the 
superparamagnetic behavior. The size of NiFe2O4 
nanoparticles in the structure of MWCNT was 
~ 20 nm.The maximum adsorption capacity of 
M-MWCNT adsorbent reached 85.12 mg/g at 298 
ºK and initial pH=5.5. Data illustrated that the 
Langmuir isotherm (R2=0.9972) provided better 
description of Pb(II) adsorption, while LFO model 
(R2=0.9752) fitted better than PFO kinetic model. 
Thermodynamic studies showed the exothermic 
sorption process and suggest physisorption as 
the dominant reaction governing lead sorption by 
nanocomposite. Further, M-MWCNT adsorbent 
also possesses a good reusability (4 cycles) for 
Pb(II) removal.
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