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The present composites (NMO/Modified AC) were prepared and utilized for the removal of Pb (П) from 

waste water through batch adsorption. Nano manganese oxide (NMO) was prepared by simple co-

precipitation method / modified activated carbon which was treated with HNO3 (4M, 6M and 8M). The 

synthesized samples NMO, NMO/(4M,6M,8M) AC and AC were characterized using X-Ray Diffraction 

(XRD), Fourier transform infrared spectroscopy (FT-IR) and Scanning Electron Microscope (SEM). 

Batch experiments were carried out under several conditions including pH, temperature, contact time, 

competing cation, and initial lead(П) ion concentration to remove lead (П) ions from liquid waste water. 

The results revealed that NMO, NMO / (4M, 6M, 8M) AC, and AC have a high adsorption efficiency 

(>99%). The adsorption results from the applied experiments fit the Langmuir isotherm, and the kinetic 

data follow pseudo-second-order model. in addition, the evaluation of thermodynamic parameters (∆G°, 

∆S° and ∆H°) from  an t Hoff equation indicated the spontaneous and exothermic nature of the 

adsorption. 
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Introduction 

Lead (Pb) ions are considered a worldwide 
pollutant element and are classified as hazardous 
heavy metal with high priority in the perspective of 
human and environmental risk because it is 
commonly detected in several industrial 
wastewaters [1]. Waste from metallurgy, 

electroplating, storage battery ,paint, electronics, 
petroleum refining industries etc. released into 
water bodies is a major source of Pb (II) pollution 
[2]. It is necessary to remove lead ions from 
wastewater to bring it down to an acceptable level 
for better life. Heavy metal ions such as lead could 

be eliminated by several traditional techniques, 
including chemical precipitation, electrochemical 
treatment techniques, reverse osmosis, membrane 

filtration, coagulation, ion exchange, adsorption, 
irradiation and extraction [3, 4, 5, 6, 7, 8, 9, 10, 11, 
12]. Adsorption is the most commonly used 
process it is a fairly simple and convenient unit 
operation and the cost for its application is 
relatively low compared to other treatment 

processes. The use of adsorption contacting system 
for industrial and municipal wastewater treatment 
has become prevalent during recent years [13]. 
Adsorption is frequently utilized toward the end of 
a treatment sequence for pollution control due to 
the high level of purification that can be 

accomplished. Manganese oxide, one of the most 
widely studied transition metal oxides, has 
attracted more and more attention due to its wide 
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application in many fields, such as wastewater 
treatment, catalysis, sensors, supercapacitors, 
lithium ion batteries [14, 15, 16, 17, 18, 19, 20].  
Nano manganese oxide (NMO) has a particular 

advantages of a high storage capacity, low cost, 

lower thermodynamic equilibrium voltage versus 

Li/Li
+
, and environmental friendliness [15,21].  

 

Activated carbon is a black solid substance looking 

like granular or powder charcoal and is 

carbonaceous material that has a highly created 

porosity, internal surface area of more than 400m
2
 

g
−1

 and relatively high mechanical strength [22]. It 

is broadly utilized as adsorbents in wastewater and 

gas treatments just as in catalysis, to improve the 

adsorption capacity for heavy metals, modification 

of activated carbon has been proposed [23]. It has 

been demonstrated that heavy metals adsorption by 

activated carbon extraordinarily depends upon 

surface acidity and special surface functionality, 

where the removal mechanisms may include 

electrostatic interaction, coordination and ion 

exchange to functional groups [24,25]. A typical 

method to improve lead adsorption is through 

substance oxidation, which is able to introduce a 

variety of acidic surface functional groups on the 

surface of activated carbon [26]. A variety of 

oxidizing agents such as HNO3, KMnO4, H2O2, 

(NH4)2S2O8 and NaOCl have been widely utilized 

[27,28]. Nitric acid is the most frequently used 

one, as its oxidizing specifications can be 

controlled by concentration and temperature. 

During oxidation, the surface characteristics of 

activated carbon are changed due to the 

introduction of new functional groups such as 

carboxylic, phenolics, lactones and carbonyl, 

which can eventually extend the adsorption 

capacity towards lead (П) [29]. 

 

Aim of the work 
The main purpose of the present work is to explore 

the possibilities of using low cost composites 

NMO, NMO/(4M,6M,8M) AC and AC for the 

adsorption of lead (П) from wastewater resulting 

from different industrial fields such as metallurgy, 

electroplating, storage battery ,paint, electronics 

and petroleum refining industry. The influence of 

several operating parameters for the removal of 

lead(П) Such as pH, contact time, temperature, 

initial concentration, competing cation, etc.  were 

studied in a batch technique. The adsorption 

isotherms Langmuir and Frendlich as well as 

kinetic isotherm pseudo-first order and pseudo-

second order models are investigated. 

2. Materials and methods 

2.1. Chemicals and reagents 

All chemicals were of analytical grade, purchased 

and used as received without further purification. 

Manganese chloride MnCl2.4H2O; Merk, 

potassium permanganate KMnO4; Sigma-Aldrich, 

activated carbon (AC) commercial one, lead nitrate 

Pb(NO3)2, HNO3,HCl and NaOH were used 

throughout the investigations. Bi-distilled water 

was used through all experiments. 

A standard lead solution (П) was used (1000 ppm). 

Thus standard solution (1000 ppm) was diluted to 

obtain different desired concentration ranging from 

20 to 200 ppm as demonstration to the industrial 

liquid waste. 

Preparation and characterization of composites 

under this investigation were reported and 

published by Abdellah et al. [30]. 

 

2.2. Adsorption experiments 

The batch adsorption experiments were performed 

by contacting 0.05g of the selected adsorbent with 

10 ml of Pb(П) ion solutions into polypropylene 

centrifuge tube. The experiments were performed 

in a shaker with a constant agitation speed (200 

rpm) for 2 hours. The suspension was passed 

through 0.45 µm cellulose nitrate membrane 

syringe filter diameter 25mm. The effect of initial 

pH, contact time, initial concentration of adsorbate 

Pb(П), competing cation and temperature were 

investigated. The pH of solutions was adjusted at 

the desired value by adding 0.1M NaOH or HCl, 

the remaining concentration of lead(П) in each 

sample was determined by the use of simultaneous 

inductively coupled plasma emission spectrometer 

(720 ICP-OES, Agilent Technologies) at the 

Egyptian Mineral Resources General Authority, 

Cairo. 

The adsorption capacity of Pb(П) qt (mg/g) was 

calculated using equation (1).  

 

   
(     )  

 
                                      ( ) 

 

Where Co (mg/L) is the initial concentration of 

Pb(П) Ct (mg/L) is the concentration of Pb(П) after 

filtration at time t,  V is the volume of Pb in (L) 

(П) ions solution, and m(g) the mass of sorbent. 

The percent uptake or the removal efficiency (R%) 

was calculated from the equation (2). 



Arab J. Nucl. Sci. & Applic. Vol. 54, No.1 (2021) 

EFFICIENT REMOVAL OF PB (П) FROM ….. 

TECHNIQUES.... 

3 

 

 

 

   
(     )

  
                        ( ) 

 

At equilibrium the quantity adsorbed qe (mg/g) 

from equation (3). 

   
(     )  

 
                                   ( ) 

Where, Ce (mg /g) is the Pb(П) concentration at 

equilibrium, Co (mg/L) is the initial concentration 

of Pb(П) ions, V (L) is the volume of Pb(П) ions 

solution, and m(g) the mass of adsorbent [31]. 

 

3. Results and discussion 

3.1. Adsorption experiments 

Effect of solution pH 
The pH of the solution obviously influenced the 

removal efficiency of the Pb (П) ions in aqueous 

solutions which controls the surface charge of the 

adsorbent and has a significant effect on the 

behavior of Pb (П) ions. We used HNO3 and 

NaOH were used to adjust the pH. The pH effect 

was studied below six to avoid the precipitation of 

lead (П) [32, 33]hence, the pH values were varied 

between 2± 0.1 and 6 ± 0.1, keeping the other 

parameters constant adsorbent weight (0.05g), 

initial Pb (П) concentration (20 ppm), contact time 

(120 min), agitation speed (200 rpm) and at room 

temperature.  

Figure (1) shows no effect of the percent uptake in 

case of the adsorbents NMO and NMO / 

(4M,6M,8M) AC by changing pH from 2± 0.1 to 6 

± 0.1. This may be an important advantage of 

NMO and NMO/(4M,6M,8M) AC to be used over 

a wide range of pH, especially when compared 

with the obtained results of nano metal oxides and 

composites. In the case of using AC as adsorbent, 

the maximum percent uptake of   Pb (П) was about 

99.3% at pH 6. The increase in Pb (П) removal 

with increase in pH values can be explained on the 

basis of a decrease in the competition between 

proton and lead cations for the same functional 

groups and by the decrease in the positive charge 

of the AC which results in a lower electrostatic 

repulsion between the lead cations and the surface 

of AC [34].   

 

Figure 1. Effect of pH on Pb(П) removal percent for 

samples NMO, NMO/4M AC, NMO/6M AC, NMO/8M 

AC and AC 

 

Effect of contact time 

Figure 2(A, B, C, D, E) Illustrates that Pb(П) 

removal was increased with increasing the time 

before equilibrium was reached. Keeping the other 

parameters constant, the adsorbent weight (0.05g), 

initial Pb(П) concentration (20 ppm), pH (5±0.1), 

agitation speed (200) rpm and at room 

temperature. It was revealed that the adsorption 

capacity of NMO , NMO / (4M,6M,8M)  AC and 

AC adsorbents for the removal of Pb(П) ion 

increased rapidly in the first 15 min, it was about 

99.5%, 99.6%, 99.5% and 99.5% respectively for 

NMO , NMO / (4M,6M,8M)  AC and 58.7% for 

AC after a contact time of 3 h. Hence, the optimum 

contact time for NMO, NMO / (4M,6M,8M) AC 

was chosen to be 1 h and for AC is 2 h because the 

adsorption process reached the equilibrium at that 

time and remained constant. 

 

Figure 2(A). Effect of contact time on Pb(П) removal 

percent by sample NMO/4M AC 
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Figure 2(B). Effect of contact time on Pb(П) removal 

percent by sample NMO/6M AC 

 

Figure 2(C). Effect of contact time on Pb(П) removal 

percent by sample NMO/8M AC 

 

Figure 2(D). Effect of contact time on Pb(П) removal 

percent by sample NMO 

 

Figure 2(E). Effect of contact time on Pb(П) removal 

percent by sample AC 

Effect of temperature 

The effect of temperature on the adsorption of 

Pb(П) ions was studied from 298 to 323 K. The 

operating conditions used were initial lead 

concentration 20 ppm, adsorbent weight 0.05 g, pH 

(6.0 ± 0.1), agitation speed (200 rpm), and contact 

time for NMO, NMO / (4M,6M,8M) AC (1h) and 

(2h) for AC. The results are presented in Figure 

3(A, B, C, D, E). It can be observed that the 

percentage of lead adsorption decrease gradually 

with increasing temperature indicating that the 

process is exothermic in nature. Further, the 

adsorption of lead (П) is favored at low 

temperatures [35]. 

 

Figure 3(A). Effect of temperature on Pb(П) removal 

percent by sample NMO/4M AC 
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Figure 3(B). Effect of temperature on Pb(П) removal 

percent by sample NMO/6M AC 

 

Figure 3(C). Effect of temperature on Pb(П) removal 

percent by sample NMO/8M AC 

 

Figure 3(D). Effect of temperature on Pb(П) removal 

percent by sample NMO 

 

Figure 3(E). Effect of temperature on Pb(П) removal 

percent by sample AC 

 

Effect of competing cations 
The effect of competing cations on the adsorption 

of Pb(П) on samples NMO, NMO/4M AC, 

NMO/6M AC, NMO/8M AC and AC was studied 

using KCl salt at a variety of concentrations of 

KCl from 5 to 100 ppm. Keeping the other 

operational parameters constant, adsorbent weight 

(0.05g), initial Pb(П) concentration (20 ppm), pH 

(6±0.1), agitation speed (200 rpm), at room 

temperature and contact time (1h) for NMO, NMO 

/ (4M,6M,8M) AC and (2h) for AC. Figure 4(A, 

B, C, D, E) shows that the percentage uptake small 

decreases slightly as [K
+
] concentration increase 

under this investigation. These findings confirmed 

that K
+
 compete and reduce the sorption of Pb (П) 

ions on the five adsorbents. 

 

 

Figure 4(A). Effect of competing cations on Pb(П) 

removal percent by sample NMO/4M AC 
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Figure 4(B). Effect of competing cations on Pb(П) 

removal percent by sample NMO/6M AC 

 

 

 

Figure 4(C). Effect of competing cations on Pb(П) 

removal percent by sample NMO/8M AC 

 

 

 

Figure 4(D). Effect of competing cations on Pb(П) 

removal percent by sample NMO 

 

 

 

Figure 4(E). Effect of competing cations on Pb(П) 

removal percent by sample AC 

 

 
Effect of initial concentration of Pb(П) 
The effect of initial Pb(П) concentration on the 

adsorption rate was studied in the range 20-200 

ppm. Keeping the other parameters constant, 

(adsorbent weight (0.05g), pH (6±0.1), agitation 

speed (200 rpm), at room temperature, and contact 

time (1h) for NMO, NMO / (4M,6M,8M) AC and 

(2h) for AC). The results presented in Figure 5(A, 

B, C, D) shows that the adsorption capacity 

increased with increasing the initial concentration 

of lead (П) ions. The increase of the amount of 

adsorption was according to the increase in the 

electrostatic interaction between the lead (П) ions 

and the adsorbent active sites due to the fact that 

more adsorption sites were being covered as the 

lead (П) ions concentration increased and this 

agrees with the findings of other investigators [35], 

but in the case of Figure 5(E), there is a significant 

decrease due to lower active sites present in the 

(AC). 
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Figure 5(A). Effect of initial conc. of Pb(П) ions on the 

adsorption capacity by sample NMO/4M AC 

 

 

Figure 5(B). Effect of initial conc. of Pb(П) ions on the 

adsorption capacity by sample NMO/6M AC 

 

Figure 5(C). Effect of initial conc. of Pb(П) ions on the 

adsorption capacity by sample NMO/8M AC 

 

Figure 5(D). Effect of initial conc. of Pb(П) ions on the 

adsorption capacity by sample NMO 

 

Figure 5(E). Effect of initial conc. of Pb(П) ions on the 

adsorption capacity by sample AC 

 

3. 2. Adsorption Isotherm  

Adsorption is the process in which lead (П) ions 

are adsorbed on NMO, NMO / (4M,6M,8M) AC, 

and AC surface, and the equilibrium is established 

when the concentrations of lead (П) ions adsorbed 

and in water become constant. At equilibrium, the 

relationship between the amounts of lead (П) ions 

adsorbed and in water is called an adsorption 

isotherm [36]. From these isotherms, several 

adsorption parameters could be calculated. 

Langmuir isotherm model 

This empirical model assumes monolayer 

adsorption onto a surface containing a finite (fixed) 

number of adsorption sites of uniform strategies of 

adsorption with no transmigration of adsorbate in 

the plane of surface [37]. The linear Langmuir 

model is given by following equation (5): 
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(     )
 
  
  
                          ( )      

 

where qe (mg/g) is the amount of adsorbate 

adsorbed per unit mass of adsorbent, Ce (mg/L) is 

the equilibrium concentration of the adsorbent, KL 

and qm are Langmuir constants related to 

adsorption capacity and rate of adsorption, 

respectively. A plot of Ce/qe versus Ce would result 

in a straight line as shown in Figure 6(A, B, C, D, 

E). From the slope and intercept, the maximum 

adsorption capacity qm and bond energy of 

adsorbates can be calculated [38,39]. The essential 

characteristics of Langmuir isotherm can be 

expressed by a dimensionless constant called the 

separation factor or equilibrium parameter, RL, 

defined by Weber and Chakkravorti [40]: 

 

 
 
   

 

   
 
 
 

                                                         (6) 

 

The parameter RL indicates the shape of isotherm 

as given in Table (1) which shows that all RL 

values were between 0 and 1, indicating the 

adsorption of lead (П) on NMO, NMO / 

(4M,6M,8M) AC, and AC was favorable or 

irreversible processes. 

 

 

Figure 6(A). Langmuir isotherm for adsorption of Pb(П) ions 

on sample NMO/4M AC 

 

Figure 6(B). Langmuir isotherm for adsorption of Pb(П) ions 

on sample NMO/6M AC 

 

Figure 6(C). Langmuir isotherm for adsorption of Pb(П) ions 

on sample NMO/8M AC 

 

Figure 6(D). Langmuir isotherm for adsorption of Pb(П) ions 

on sample NMO 

y = 0.0248x + 0.0089 
R² = 0.99 

0

0.05

0.1

0.15

0.2

0 1 2 3 4 5 6 7

C
e/

q
e 

(g
/L

) 

Ce (mg/L) 

A 

y = 0.0211x + 0.0047 
R² = 0.97 

0

0.005

0.01

0.015

0.02

0.025

0.03

0.0 0.2 0.4 0.6 0.8 1.0 1.2

C
e/

q
e
(g

/L
) 

Ce (mg/L) 

B 

y = 0.0267x + 0.0071 
R² = 0.99 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0 5 10 15

C
e/

q
e 

(g
/L

) 

Ce (mg/L) 

C 

y = 0.0263x + 0.0046 
R² = 0.99 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0 5 10 15

C
e/

q
e(

g/
L)

 

Ce(mg/L) 

D 



Arab J. Nucl. Sci. & Applic. Vol. 54, No.1 (2021) 

EFFICIENT REMOVAL OF PB (П) FROM ….. 

TECHNIQUES.... 

9 

 

 

 

Figure 6(E). Langmuir isotherm for adsorption of Pb(П) ions 

on sample AC 

 

 

Freundlich isotherm model 

This empirical model assumes that the stronger 

binding sites are occupied first and that the binding 

strength decreases with the increasing degree of 

site occupation. This empirical equation is based 

on sorption on a heterogeneous surface (multilayer 

adsorption) or surfaces supporting sites of varied 

affinities [37]. The liner form of Freundlich model 

can be expressed by equation (7) [41]: 
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)    

 
                                    ( )      

 

Where: KF is the Freundlich constant (mg/g) which 

represents the relative adsorption capacity of the 

adsorbent. (1/n) is the heterogeneity factor and 

measure the adsorption intensity or the surface 

heterogeneity of the sorbent. The plot of ln qe 

versus ln Ce gave a straight line with a slope of 1/n 

and intercept of ln KF., and the value of 1/n is less 

than 1 which indicate a favorable adsorption [42], 

as illustrated in Figure 7(A, B, C, D, E). and 

Table (1). 

 

Figure 7(A). Freundlich isotherm for adsorption of Pb(П) 

ions on sample NMO/4M AC 

 

Figure 7(B). Freundlich isotherm for adsorption of Pb(П) 

ions on sample NMO/6M AC 

 

Figure 7(C). Freundlich isotherm for adsorption of Pb(П) 

ions on sample NMO/8M AC 

y = 0.5987x - 1.4762 
R² = 0.99 

0

20

40

60

80

100

120

0 50 100 150 200

C
e/

q
e(

g/
L)

 

Ce (mg/L) 

E 

y = 0.413x + 3.1283 
R² = 0.92 

1

1.5

2

2.5

3

3.5

4

4.5

-4 -2 0 2 4

ln
 q

e 

ln Ce 

A 

y = 0.5606x + 3.8275 
R² = 0.85 

1

1.5

2

2.5

3

3.5

4

-4 -3 -2 -1 0 1

ln
 q

e 

ln Ce 

B 

y = 0.3373x + 2.9291 
R² = 0.91 

1

1.5

2

2.5

3

3.5

4

-4 -2 0 2 4

ln
 q

e 

ln Ce 

C 



Arab J. Nucl. Sci. & Applic. Vol. 54, No.1 (2021) 

H.I. EL-AHWANY
 
et.al 

 

10 

 

 

Figure 7(D). Freundlich isotherm for adsorption of Pb(П) 

ions on sample NMO 

 

Figure 7(E). Freundlich isotherm for adsorption of Pb(П) 

ions on sample AC 

 

Table 1. Langmuir and Freundlich constants with R2 values 

obtained for removal of lead (П) ions on samples NMO/4M AC, 

NMO/6M AC, NMO/8M AC, NMO, and AC 

A
d

so
r
b

e
n

t 

Langmuir Freundlich 

KL qm RL R2 KF 1/n R2 

NMO/4

M AC 

2.786 40.320 0.002 0.99 22.835 0.413 0.92 

NMO/6

M AC 

4.489 47.393 0.001 0.97 45.947 0.560 0.85 

NMO/8

M AC 

3.760 37.453 0.001 0.99 18.710 0.337 0.91 

NMO 5.717 38.022 0.001 0.99 23.549 0.311 0.71 

AC 0.405 1.670 0.012 0.99 2.614 -0.087 0.81 

According to the results presented in Table (1), the 

calculated coefficients of correlation (R
2
) for both 

adsorbents were closer to unity, indicating a good 

agreement between experimental and predicted 

data using Langmuir model. Therefore, this model 

may be the more appropriate than the Freundlich 

model and this agrees with the findings of Goel et 

al. [41]. 
 

3.3 Kinetics adsorption models 

The kinetic parameters of adsorption system 

describe the rate limiting step(s) of lead (П) ions 

uptake on NMO, NMO / (4M,6M,8M) AC, and 

AC and it controls the equilibrium time [43]. In 

order to predict the adsorption kinetic model for 

adsorption of lead (П) ions from its liquid waste 

onto NMO, NMO / (4M,6M,8M) AC, and AC. the 

kinetics models: pseudo first order and pseudo 

second order models were applied to the 

experimental data. the best fit model was selected 

based on the linear regression correlation 

coefficient (R
2
), which is a measure of how the 

predicted values from a forecast model match with 

the experimental data. 
Pseudo-first order model 

The pseudo-first order model is the most broadly 

utilized to predict sorption kinetics. It expects that 

the rate of change of the solute uptake with time is 

directly proportional to the amount of solid uptake 

with time and the difference in the saturation 

concentration, for example the rate of occupation 

sites is directly proportional to the number of 

unoccupied sites [44].The model is given by  

Lagergren Equation or the pseudo-first order 

equation (8). 

   ( 
 
  
 
)      

 
 
( 
 
 )

     
                       ( ) 

 

Where qe and qt denote the amounts of adsorbed 

lead (П) ions (mg/g) at equilibrium and at time t 

(min), respectively and k1(min
-1

) is the rate 

constant of pseudo-first-order adsorption (min
−1

). 

A plot of log (qe-qt) versus t is presented in Figure 

8(A, B, C, D, E), which gives a straight line to 

confirm the applicability of pseudo-first order 

kinetic model. log qe and K1 should be equal to 

intercept and slope, respectively. 

 

Pseudo-second order model 

The adsorption kinetics may also be described by a 

pseudo-second order model. The model assumes 
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that the rate of occupation of adsorption sites is 

proportional to the square of the number of 

unoccupied sites, where the rate limiting step may 

be the exchange of electrons between lead (П) ions 

and sorbent or chemical sorption involving valence 

forces through sharing. The pseudo-second order 

rate expression is used to describe chemisorption 

between the adsorbate and the adsorbent [45]. The 

linearized-integral form of the model represented 

in equation (9). 

     (     
 )  (   )           ( )⁄⁄⁄  

 

where k2 (g mg 
-1

 min
-1

) is the rate constant of the 

pseudo-second order of adsorption. A plot of t/qt 

versus t should give a straight line .1/qt equal to the 

intercept and 1/K2qe
2
 the slope, which illustrated in 

Figure 9(A, B, C, D, E) and Table (2). 

The value of the correlation coefficient (R
2
) was 

calculated from these plots of pseudo-first order 

and pseudo-second order models. The linearity of 

these plots confirms the applicability of the two 

models. However, R
2
 in pseudo-second order 

model, indicating a chemisorption mechanism, fits 

better experimental data than the pseudo-first order 

model for all adsorbents. Moreover, the value of 

the calculated adsorption capacity qe(Cal) 

according to the pseudo-second order model 

matches with the experimentally obtained qe(exp) 

on comparing to the calculated from the pseudo-

first order model. It could be stated that the 

adsorption of lead (П) ions onto NMO, NMO / 

(4M, 6M, 8M) AC, and AC may be obeying the 

pseudo-second order kinetic model [46]. 

 

Figure 8(A). pseudo-first order plots for adsorption of Pb(П) 

ions on sample NMO/4M AC 

 

Figure 8(B). pseudo-first order plots for adsorption of Pb(П) 

ions on sample NMO/6M AC. 

 

Figure 8(C). pseudo-first order plots for adsorption of Pb(П) 

ions on sample NMO/8M AC 

 

 

Figure 8(D). pseudo-first order plots for adsorption of Pb(П) 

ions on sample NMO 
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Figure 8(E). pseudo-first order plots for adsorption of Pb(П) 

ions on sample AC 

 

Figure 9(A). pseudo-second order plots for adsorption of 

Pb(П) ions on sample NMO/4M AC 

 

 

Figure 9(B). pseudo-second order plots for adsorption of 

Pb(П) ions on sample NMO/6M AC 

 

Figure 9(C). pseudo-second order plots for adsorption of 

Pb(П) ions on sample NMO/8M AC 

 

Figure 9(D). pseudo-second order plots for adsorption of 

Pb(П) ions on sample NMO 

 

 

Figure 9(E). pseudo-second order plots for adsorption of 

Pb(П) ions on sample AC 
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Table 2. Pseudo-first- second orders with R2 values obtained for removal lead (П) ions on samples NMO/4M AC, 

NMO/6M AC, NMO/8M AC, NMO, and AC 

Adsorbent pseudo-first order pseudo-second order 

K1 qe (cal) qe  (ex) R2 K2 qe (cal) qe (ex) R2 

NMO/4M AC 0.069 4.053 0.025 0.99 6.610 4.053 4.055 0.99 

NMO/6M AC 0.030 4.053 0.016 0.90 3.685 4.053 4.055 0.99 

NMO/8M AC 0.044 4.053 0.025 0.99 3.948 4.053 4.055 0.99 

NMO 0.068 4.053 0.038 0.98 4.606 4.053 4.055 0.99 

AC 0.001 1.947 0.861 0.72 0.012 1.947 2.646 69.0 

 
Table 3. ∆H◦, ∆G◦ and ∆S◦ obtained for removal lead (П) ions on samples NMO/4M AC, NMO/6M AC, NMO/8M AC, NMO, and AC 

Adsorbent ∆H° (kJ/mol) ∆S° (J/mol 

K) 

∆G◦ (kJ/mol) 

298K 303K 313K 323K 

NMO/4M AC -36.869 -70 -15.956 -15.605 -14.903 -14.202 

NMO/6M AC -31.643 -54 -15.464 -15.193 -14.650 -14.107 

NMO/8M AC -32.404 -56 -15.701 -15.420 -14.860 -14.299 

NMO -40.186 -81 -16.040 -15.635 -14.825 -14.015 

AC -17.561 -53 -1.549 -1.280 -0.743 -0.206 

 
3.4 Adsorption thermodynamics 

The thermodynamic parameters such as enthalpy 

(∆H°), entropy (∆S°) and free energy (∆G°) can be 

evaluated from the following equations (11, 12 and 

13) [47,48,49]: 

   
   

  
⁄                                       (  )  

     
   

 ⁄       ⁄               (  ) 

                                      (  ) 
Where Kd is the equilibrium constant, CAe (mg/L) 

is the amount adsorbed on solid at equilibrium, Ce 

(mg/L) is the equilibrium concentration, R (8.314 

J/mol K) is the universal gas constant, and T (K) is 

the absolute solution temperature. Plotting ln 

Kdversus 1/T from Van t Hoff equation (12), the 

values of ∆S° (J/mol K)and ∆H°(kJ/mol) were 

calculated from Figure 10(A, B, C, D, E) and 

presented in Table (3) and ∆G°(kJ/mol) can be 

calculated from equation (13). The negative value 

of (∆H°) indicates the exothermic nature of 

adsorption process for Pb
+2

 ions on NMO, NMO / 

(4M,6M,8M) AC, and AC. The negative value of 

(∆S°) corresponds to a decrease in the degree of 

freedom of the adsorbed species and suggests the 

probability of favorable sorption, and the negative 

value of ∆G° confirmed the feasibility and 

spontaneity of the adsorption of Pb
+2

 ions on 

NMO, NMO / (4M,6M,8M) AC, and AC. 

Conclusion 

NMO was synthesized by a simple co-precipitation 

method from manganese chloride and potassium 

permanganate, NMO / (4M,6M,8M) AC 

composites were found to be an excellent 

adsorbent for the Pb (II) ions removal from 

wastewater with a removal percentage of (>99%) 

at an equilibrium time of  60 min for NMO, NMO 

/ (4M,6M,8M) AC. The adsorption isotherm 

showed a good agreement with the Langmuir 

isotherm model with good correlation (R
2
).  The 

removal of Pb+2 ions on all adsorbent obeys a 

pseudo-second-order model. The adsorption 

thermodynamic showed a negative value of free 

energy (∆G°) and enthalpy (∆H°) which indicates 

that the adsorption of lead (П) on that composites 

NMO / (4M, 6M, 8M) AC is a spontaneous 

process and exothermic in nature of the reaction. 

Finally, a novel prepared composite NMO / 

(4M,6M,8M) AC were proposed for adsorption of 

lead (П) from liquid waste taking advantage of its 

high removal efficiency, low cost, excellent 

stability and simple preparation. 
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Figure 10(D).  an t Hoff plot for adsorption lead (П) ions on 

sample NMO 

 

Figure 10(E).  an t Hoff plot for adsorption lead (П) ions on 

sample AC 
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