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Abstract
Today, due to the industrialization of societies, the existence of heavy metals has created many 
problems for humans, other organisms, and the environment. Lead (Pb) is highly toxic and the 
second most commonly used metal. The aim of this study was to evaluate the efficiency of melamine-
modified nanographene oxide in the removal of Pb from aqueous media. To increase the efficiency 
of graphene oxide, it was mechanically converted to nano graphene oxide and melamine (4, 2 and 
6-triazine, 3, 1 and 5 triamine). Experiments were performed at pH value of 3-8, temperature of 
15-50°C, Pb concentration of 5-200 mg/g, adsorbent dose of 0.01-0.06 g, and contact time of 15-
150 minutes. The mechanism of the adsorption process was investigated using two Langmuir and 
Freundlich isotherm models, pseudo-first order and pseudo-second order kinetic equations, and 
thermodynamic equations. The results showed that the adsorption rate corresponds to the Freundlich 
isotherm model and pseudo-second order kinetic equation. Thermodynamic studies also showed that 
the adsorption process is associated with increasing irregularities and it is endothermic. In constant 
conditions (pH of 6, contact time of 60 minutes, ambient temperature of 22°C, Pb concentration 
of 20 mg/L, and adsorbent dose of 0.01 g), the adsorption capacity was 191.65 mg/g. The highest 
adsorption occurs at the concentration of 5 mg/L and the highest adsorption capacity and removal 
percentage was observed at a concentration of 200 mg/L, which were 1896.3 mg/g and 98.8%, 
respectively. Due to the high adsorption capacity, the adsorbent was able to remove lead from the 
contaminated environment.
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1. Introduction
One of the most important environmental issues is 

heavy metal pollution due to its toxic nature and other 
negative effects (1). The most common toxic heavy metal 
pollutants include mercury, cadmium, lead, cobalt, zinc, 
nickel, and manganese. Of these heavy metal ions,  lead 
(Pb) is the most toxic heavy metal used in the production 
of colors, coatings, glass, and batteries. It may be toxic to 
humans and the environment (2). This metal accumulates 
in the bones of humans (half-life of more than 20 years) 
and affects the nervous and reproductive systems, 
erythrocytes, and kidneys, and due to its enzymatic 
inhibitory effects, it is likely to be carcinogenic (3). Lead 
is one of the most durable heavy metals that has a number 
of long-term effects on the body, such as lowered IQ and 
neurodevelopment in children and affects the central 
nervous system. If a person becomes Pb poisoned, even 
if he/she is saved from death, trauma and brain injury 
will be with the person for the rest of their lives. There 
are various methods for the removal of heavy metals 
such as reverse osmosis, evaporation, ion exchange, 

electrodialysis, biological removal, solvent extraction, 
clotting, continuous dissociation, and adsorption 
processes. Many of the methods mentioned are not very 
welcomed due to their low efficiency and high cost. Surface 
adsorption has been of interest to researchers in recent 
years due to its ease of use and high capacity. The process 
of removal of heavy metals depends on various factors 
such as pH, concentration, adsorbent dose, temperature, 
and contact time (4,5). Due to the inherent advantages of 
the large surface area and numerous functional groups, 
graphene oxide and its large-scale nanomaterials are 
effective in treating pollution (6). Graphene sheets are 
composed of carbon atoms linked together. Each sheet of 
graphene is only one atom thick, which is called single 
layer graphene. Two-dimensional sheet graphene is in a 
hexagonal shape containing carbon atoms. On a graphene 
sheet, each carbon atom has a free off-sheet bond, which 
is a suitable site for the bonding of functional groups 
and hydrogen atoms (4). The oxidized graphene is well 
dispersed in water due to the presence of hydrophilic 
groups, which are considered to be responsible for the 
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adsorption of lead ions. Some researchers mentioned 
the existence of fe3O4 on the surface of graphene oxide, 
which gives a magnetic property to the adsorbent. In 
such a way, after the adsorption operation, the adsorbent 
can be collected using the external magnetic field (7,8). 
Increasing the use of nanosorbents can increase the risks 
of their accumulation in the environment, and sometimes 
the toxicity of these residual nanoparticles may be even 
greater than metals (9). Zolfaghari et al investigated the 
efficiency of magnetic halloysite nanotubes/graphene 
oxide nanocomposites (M-HNT/GO) in removing 
zinc ions from aqueous solutions. The results showed 
that synthesized nano-adsorbents could be used for 
the removal of zinc from wastewater with the removal 
percentage of 95.2±0.41% (10). Fan et al used graphene 
oxide and magnetic chitosan mixtures as adsorbents and 
eliminated the Pb ion. The effect of pH, contact time, 
and concentration on the adsorption of Pb (II) ions was 
investigated. The maximum adsorption capacity for Pb 
(II) was estimated to be 76.94 mg/g (6). Kiani and Mirzaei 
removed phosphate from water by adsorption onto 
graphene oxide nanoparticles. The highest adsorption 
was equal to 75% at pH  =  3 after 3 hours of contact with 
the adsorbent. The results show that the pseudo-second-
order kinetic model fitted the data (11). The present 
research was carried out to investigate the removal of 
Pb from aqueous solutions by melamine modified nano 
graphene oxide. The primary purpose was to investigate 
the effect of modified graphene oxide on the removal of 
heavy metals. The secondary purpose was to investigate 
the effect of pH, initial concentration, adsorbent dose, 
temperature, and time on the adsorption of lead from 
aqueous solution.

For the first time, melamine has been used as a modifier 
in this research, which improves the adsorption of metals 
having a positive cation due to the negative charge of 
melamine groups.

2. Materials and Methods
2.1. Materials

Instruments used for testing were: pH meter model 
AZ 8653 made in Taiwan to check the pH value, digital 
scale model (Bands Bs-3003) with accuracy of 0.001 for 
weighing, shaker incubator model Ikaks model (4000 
IC) made in Germany, it was used to mix adsorbents 
and solvent pollutants, and a US-made (Hermle Z300) 
centrifuge at 4000 rpm was used to separate suspended 
particles from the solution, and a British-made Uniam919 
flame atomic absorption device (AAS) was used. To 
investigate and identify melamine-modified nano-
graphene oxide, the field emission microscope (FESEM), 
the Tensor Fourier transform infrared spectroscopy 
(FTIR) and the X-ray diffraction (XRD) were used.  

Pb (NO3)2, 0.1 HCl and NaOH solutions, and graphite 
which were used for the preparation of Pb-containing 
solutions and pH adjustment were purchased from Merck 

Company, Germany. Double-ionized distilled water was 
used to dilute the solutions.

2.2. Preparation of Modified Nano Graphene Oxide
Graphene nanostructure synthesis was performed by 

Hummer method. First, 360 mL of sulfuric acid, 40 mL 
of phosphoric acid, and 4 g of graphite were mixed and 
stirred slowly. Then, 18 g of potassium permanganate 
was gradually added to the reaction. When the reaction 
temperature reached about 35 to 40°C, the container was 
then transferred to a Bécher containing 3 ml of hydrogen 
peroxide and 400 ml of ice water to remove unreacted 
potassium permanganate. The solids were removed using 
a centrifuge and washed with 200 mL of water. Then, 
they were washed with 200 mL of ethanol and 200 mL 
of 30% chloride acid twice to remove all metal ions and 
acids. The material was dried by freeze-drying and was 
placed in vacuum oven at 50°C overnight to remove 
residual moisture and the obtained product was graphene 
oxide (12). To increase the efficiency of graphene oxide, it 
was mechanically converted to nano graphene oxide and 
melamine (2, 4 and 6-triazine, 1, 3 and 5 triamine) as as 
precipitators was used as modifier. 

2.3. Preparation of Standard Pb Solution
First, a stock solution of 1000 mg/L of Pb was obtained 

by dissolving 1.6853 g of Pb (NO3)2 salt in deionized 
water. The calculated salt value of Pb (NO3)2 was weighed 
with a precision of 0.001 g and poured into a volumetric 
flask of 1000 mL which was filled with deionized distilled 
water. Then, 5, 10, 20, 50, 100 and 200 mg/L of this 
solution was used to make the desired concentrations 
of Pb. All adsorption experiments were performed in a 
discontinuous system and repeated twice.

2.4. General Procedure for Pb Adsorption Experiment 
by Nano Graphene Oxide Adsorbent in a Discontinuous 
System

According to the literature and previous studies done 
on heavy metal adsorption, 5 parameters including 
temperature, contact time, adsorbent dose, initial 
concentration, and pH have important roles in the 
removal of pollutants. Experiments were performed 
at the pH value of 3-8, temperature of 15-50°C, Pb 
concentration of 5-200 mg/L, adsorbent dose of 0.01-
0.06 g, and contact time of 15-150 minutes. The effect 
of each parameter on the removal of heavy metals was 
investigated by graphene oxide nano-adsorbent. One 
parameter was considered variable at each stage and 
the others were considered constant. Experiments were 
performed in a discontinuous system and repeated twice. 
Initial conditions for each parameter included pH value 
of 6, initial metal concentration of 20 mg/L, contact time 
of 60 minutes, adsorbent dose of 0.01 g, and temperature 
of 22°C. First, the desired volume was extracted from the 
made solution and filled with deionized distilled water 
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in a 100 mL balloon  and then transferred to a 250 mL 
Becher. Next, pH was measured using a pH meter and the 
adsorbent was weighed using the scales. Afterwards, the 
solution was transferred to a 250-mL Erlenmeyer flask, 
which was placed in the shaker at 120 rpm and specific 
time and temperature. It was then poured into 50 mL 
falcons and centrifuged at 3000 rpm for 5 minutes and the 
solution was filtered through Whatman filter paper 42. 
Afterwards, 1 mL of 32% nitric acid was added to prevent 
the deposition of metal ions and stored in the refrigerator. 
The final concentration of the solution was determined by 
AAS. Excel version 2013 and SPSS software were used for 
data analysis and calculation of removal percentage. Data 
were analyzed using the formulas of removal percentage, 
adsorption capacity, kinetic and thermodynamic studies, 
and adsorption isotherms.

2.5. Calculation of the Adsorption Percentage and 
Adsorption Capacity

The removal percentage for each experiment was 
calculated using equation (1):

( )C C
  100

Ci
i eA
−

= ×                                                              (1)

In this relation, Ci, Ce, and A are the initial metal 
concentration in mg/L, the final metal concentration in 
mg/L, and the removal percentage, respectively.

The amount of adsorption or equilibrium adsorption 
capacity is calculated from equation (2):

qe  =  ( )   C C
 V

M
i e−

×                                                      (2)
   

which M is mass of adsorbent (g); V is sample volume 
and qe is equilibrium adsorption capacity in mg/g, that is, 
the amount of metal adsorbed per gram of adsorbent (13).

2.6. Adsorption Isotherms
The isotherm is an important parameter in the design 

of adsorption systems and the relationship between the 
adsorbed material concentration and the adsorption 
capacity of the adsorbent. Langmuir and Freundlich 
isotherm models were used to investigate the equilibrium 
state of the adsorbed material between the solid and 
liquid phases. Langmuir and Freundlich isotherms are 
used to describe the data. Langmuir isotherm is based on 
the assumption that the adsorption process remains on 
homogeneous adsorbent surfaces with constant energy, 
and Freundlich isotherm assumes that the adsorption 
process occurs on heterogeneous surfaces with an 
asymmetric distribution of adsorption heat (14).

2.6.1. Langmuir Adsorption Isotherm
Langmuir isotherm is based on single layer and 

homogeneous adsorption of the adsorbed material with 
the same energy on the entire adsorbent surface (15). The 
final adsorption capacity is obtained from equation 3 by 

the Langmuir, which takes the form of equation 4 after it 
has been ordered.

eq
1
max e

e
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C b
×

=
+

                                                                 (3)
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= +                                                             (4)

In the above equation:
Ce  =  Final equilibrium concentration of the metal
qe  =  Equilibrium adsorption capacity equal to the amount 
of adsorbed metal per gram of adsorbent
b  =  Langmuir adsorption equilibrium constant
qmax  =  maximum equilibrium adsorption capacity (13). 

One of the features of the Langmuir equation is the 
dimensionless constant separation factor RL. With this 
parameter, the type of process can be determined, and the 
adsorption state can be determined using this relation:

L
0

1R
1 bc

=
+

                                                                    (5)

In the above relation, c is the initial concentration 
before adsorption.

In modes of RL>1, RL = 1, RL = 0, and 0<RL<1, the 
adsorption is undesirable, linear, irreversible, and 
desirable, respectively (16).

2.6.2. Freundlich Isotherm
Freundlich isotherm is based on the multilayer and 

heterogeneous adsorption on the adsorbent and its linear 
relation is as follows:

e f e
1 ln q   ln K    ln C
n

= +                                                (6)

Kf =  Freundlich isotherm constant
n =  Adsorption intensity
Ce =  Final equilibrium concentration of the metal (mg/L)
qe =  Amount of metal adsorbed on adsorbent in 
equilibrium (mg/g)

The values of n and Kf parameters are obtained from 
the slope and y-intercept of the linear plot of ln Ce against 
ln qe, respectively. In this model, n values of less than 1 
represent weak adsorption and a value between 1 and 10 
is considered desirable (17).

2-7. Model of Adsorption Kinetics
The reaction rate of a chemical reaction is defined as 

the change in the concentration of a reactant or product 
per unit time. The concentration of these products does 
not appear in the rate laws because the reaction rate is 
studied in conditions that do not contribute to the overall 
reaction.

Kinetics is necessary to collect data on the parameters 
affecting the reaction rate as well as to determine the 
mechanisms controlling the adsorption process such as 
adsorption in the chemical reaction and the mechanism 
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of diffusion in the kinetics evaluation. The pseudo-first 
order and pseudo-second order kinetic models are used 
for the adsorption process. The pseudo-first order kinetic 
model is used for diffusion from a single layer based on 
solid capacity, and the pseudo-second order kinetic model 
shows that the chemical adsorption is a deceleration 
step and it is a surface adsorption controller based on 
the solid phase adsorption. The pseudo-first order and 
pseudo-second order kinetic models are frequently used 
in investigating the adsorption mechanisms of most 
heavy metals (18). This is because both kinetic models 
are involved in chemical processes. The linear form of the 
pseudo-first order kinetic model is as follows:

ln(𝑞𝑒−𝑞𝑡) = ln 𝑞e –kt                                                     (7)

e t e
klog(q q ) logq

2.303
− = − t                                      (8)

qe =  The amount of metal adsorbed on the adsorbent in 
equilibrium in mg/g
qt =  The amount of metal adsorbed per unit time in mg/g
k =  adsorption rate constant of pseudo first order (min-1)

The linear form of the pseudo-second order kinetic 
model is as follows:

( ) 2
e 2 e

t t 1
q t q k q

= +                                                           (9)

qe =  The amount of metal adsorbed in equilibrium 
q(t) =  The amount of metal adsorbed at time t
k2 =  Adsorption rate constant of pseudo-second-order 
(g.mg-1.min-1) (19).

2.8. Thermodynamic Parameter
For the thermodynamic study, the adsorption process 

of three main parameters of Gibbs free energy (kJ.mol-1) 
as ΔG0, enthalpy change (kJ.mol-1) as ΔH0, and entropy 
change (kJ.mol-1.K-1) as ΔS0 are required.

ΔG0  =  - RT Ln.k0                                                             (10)

Δ𝐺𝑂  =  Δ𝐻𝑂 – 𝑇Δ𝑆𝑂                                                     (11)

Ln k0  =                                                                          (12)

T =  System temperature in Kelvin
R =  General gas constant 8.314 J. mol-1.K-1

K0 =  equilibrium constant
The value of k can be determined by the tracing line of 

diagram as ln (qe/Ce) versus qe.
In addition, ΔS and ∆H0 are determined by the 

y-intercept and the slope of the L/K0 regression 
corresponding to 1/T (14).

The thermodynamic parameters are accurate and are 
used to characterize the exact information of inherent 
energy changes. Usually, negative ΔG0 and ΔH0 values 
indicate that the adsorption that occurred is spontaneous 

and endothermic, whereas negative values indicate an 
opposite mechanism. ΔH0 indicates the type of adsorption 
process such as physical or chemical adsorption. Many 
physical adsorption processes are observed in the range 
below 20 kJ/mol, while the dominant physical-chemical 
adsorption processes are observed in the 20-80 kJ/mol 
range and chemical processes occur in the 80-400 kJ.mol-1 
range (20).

3. Results and Discussion
3.1. Adsorbent Properties
3.1.1. FTIR

To determine the structure of the functional groups in 
the adsorbent, FTIR (Tensor 27 Model, Bruker Company, 
Germany) was used. Fig. 1 shows the FTIR spectra before 
and after the adsorption of Pb. As shown in the spectra 
(Fig. 1), the hydroxyl or amino, carbonyl as well as carbon-
carbon double bonds groups show good conditions for 
the Pb adsorption.

3.1.2. X-Ray Diffraction Analysis 
X-ray diffraction (XRD, Ultima IV Model, Japan) was 

used to investigate the crystalline structure of graphene 
oxide nano-adsorbent. The spectra in the range of 5 to 15 
and 25 to 35 indicate the crystalline and non-amorphous 
structure of the adsorbent, respectively. Fig. 2 shows the 
XRD image of the adsorbent.

3.1.3. Field-Emission Scanning Electron Microscopes 
The homogeneity and heterogeneity of the adsorbents 

 

 
Figure 1. FTIR Spectroscopy of Graphene Oxide Nanoparticles before and after Adsorption. 

 

 
Fig. 2. X-ray Diffraction Analysis (XRD) of Modified Nano Graphene Oxide. 

 

   
(A)                                                                                                            (B) 

Fig. 3. FE-SEM (A) Graphene Oxide Nanoparticles Prior to Adsorption. (B) Graphene Oxide Nanoparticles after Pb Adsorption. 
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were investigated using morphological analysis. To 
determine the morphology of graphene oxide, field-
emission scanning electron microscopes (FE-SEM) (FEI 
NOVA NanoSEM 450 Model, Japan) was used. Fig. 3 
shows FE-SEM images before and after the adsorption 
by nano graphene oxide. There are pores before 
adsorption, indicating that it can adsorb lead ions. The 
porous structure indicates the high adsorption property 
of this adsorbent. The deep and irregular cavities seen 
in the figure also indicate an increase in the specific 
adsorbent surface, a heterogeneous energy distribution 
on the adsorbent surface, and better adsorption of lead. 
Additionally, in post-adsorption images, many active 
sites are still available that have not yet been filled, so 
the adsorbent can be reused several times without any 
reduction in adsorption efficiency.

3.2. Measurement of Effective Parameters in Removal of 
Heavy Metals by Graphene Oxide Nano Adsorbent
3.2.1. Effect of Initial pH on Pb Removal

In this study, the effects of pH in the range of 3 to 8 on 
the adsorption rate of Pb ions at the initial concentration 
of 20 mg/L, adsorbent amount of 0.01 g, temperature of 
22°C, and contact time of 60 minutes were investigated. 
As shown in Fig. 4, it was found that with increasing 
pH, the removal percentage and the adsorption capacity 
of Pb ion increased; therefore, the highest value was 
obtained at pH 6. Then, by increasing the pH from 6 
to 8, the removal percentage and adsorption capacity 
decreased. The lowest removal percentage was 57.475% 
and the lowest adsorption capacity was 114.95 mg/g at 
pH 3. Statistical analysis of data by one-way ANOVA 
showed that different pH levels had a significant effect on 
removal percentage and adsorption capacity (P < 0.05). 
Duncan’s test showed no significant difference in removal 
percentage between pH 6 and 7 as well as pH 5 and 8, but 
there was a significant difference in adsorption capacity 
between parameters.

The purpose of investigating the effects of different 
pH values is to determine the optimum pH value 
for adsorption, which is one of the most important 
parameters for the removal of heavy metals by the 
adsorbent. Physicochemical interactions affect the 
adsorption process and the electrostatic effect of ion 
binding is similar to the functional groups which are very 
important in the metal removal reactions (21). 

Hosseini et al investigated Nickel and chromium 
adsorption from aqueous solutions using copper oxide 
nanoparticles and found that e maximum adsorption of 
chromium and nickel occurred at pH 8. It precipitates at 
pH values above 8 (22). This is consistent with the results 
of the study in which higher adsorption occurred at 
neutral pH. The reason for this phenomenon is that there 
is a repulsion between the adsorbent and the adsorbate, 
which reduces the amount of adsorption.
 
3.2-2. Effect of Adsorbent Dose on Pb Removal

To investigate the effect of adsorbent on adsorption of 
Pb metal ions, the experiment was performed at the pH 
value of  6, initial concentration of 20 mg/L, contact time 

Fig. 3. FE-SEM (A) Graphene Oxide Nanoparticles Prior to 
Adsorption. (B) Graphene Oxide Nanoparticles after Pb Adsorption.
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Fig. 4. Effect of pH Changes on Pb Removal Percentage and Adsorption Capacity (Initial Concentration: 20 mg/L, Contact Time: 60 
minutes, Adsorbent Dose: 0.01 g, and Temperature of 22°C).  Note: Different English letters indicate significant difference.

 
Fig. 4. Effect of pH Changes on Pb Removal Percentage and Adsorption Capacity (Initial Concentration: 20 mg/L, Contact Time: 

60 minutes, Adsorbent Dose: 0.01 g, and Temperature of 22°C).  Note: Different English letters indicate significant difference. 

 

 

 
Fig. 5. Effect of Adsorbent Dose Changes on Pb Removal Percentage and Adsorption Capacity (Initial Concentration: 20 mg/L, 

Contact Time: 60 Minutes, pH: 6, and Temperature of 22°C). 

 

 

 
Fig. 6. Effect of  Concentration Changes on Pb Removal Percentage and Adsorption Capacity (pH: 6, Contact Time: 60 Minutes, 

Adsorbent Dose: 0.01 g, and Temperature of 22°C). 
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of 60 minutes, temperature of 22°C, and adsorbent dose 
of  0.01-0.06 g. As shown in Fig. 5, as the adsorbent dose 
increased, the adsorption capacity of nano graphene oxide 
for Pb adsorption decreased. The removal percentage 
had an increasing trend at the adsorbent dose of 0.01-
0.03 g and it decreases at the adsorbent dose of 0.03-
0.06 g. Analysis by one-way ANOVA test showed that 
different amounts of graphene oxide nanoparticles had a 
significant effect on the rate of Pb removal and adsorption 
capacity (P < 0.05). Duncan’s test showed that there was 
no significant difference between the adsorbent dose of 
0.01 and 0.04. The adsorbent dose of 0.01 g was selected 
as optimum.

As the adsorbent dose increases, the number of 
active sites available in the adsorbent increases, due 
to dynamic factors such as the increase in impact rate 
and the increase of free bands on the adsorbent as well 
as the active surface area of the adsorbent (24). As the 
amount of adsorbent increases, the adsorption capacity 
decreases, but the removal percentage increases initially 
with increasing adsorbent but then decreases. As a result, 
the removal percentage decreases as the adsorbent dose 
increases too much. Mahmydy and Tabatabai Ghamsheh 
studied the effect of adsorbent dose on cadmium removal 
with graphene adsorbent. It was observed that as the 
adsorbent increased, the adsorption surface increased 
and the amount of cadmium adsorption increased but 
as the adsorbent dose increased, the removal percentage 
decreased and the amount of cadmium removed from the 
effluent did not change much. The reason for this trend 
is that as the adsorbent mass in the solution increases, 
the particles collide with each other and increase in 
density, eventually leading to a decrease in the contact 
of the adsorbent surface with the solution and when the 
surface area decreases, the rate of removal also decreases, 

indicating the accuracy of the results (25).

3.2.3. Effect of Initial Concentration on Pb Removal
The initial concentration is another parameter 

influencing the adsorption of Pb. Experiments were 
performed at pH value of 6, contact time of 60 minutes, 
temperature of 22°C, adsorbent dose of 0.01 g, and 
concentration of 5-200 mg/L. According to Fig. 6, 
with increasing initial concentration, the removal 
percentage decreases and the adsorption capacity 
increases. The highest removal percentage was 98.8% 
at 5 mg/L concentration and the highest adsorption 
rate was 1896.3 mg/g at 200 mg concentration. Analysis 
by one-way ANOVA showed that initial concentration 
had a significant effect on Pb removal percentage and 
adsorption capacity.

As the initial concentration increases, the removal 
percentage decreases but the adsorption capacity 
increases. Eslami et al investigated the removal of 
chlorophenol by graphene nano oxide and the effect of 
concentration on removal percentage. It was observed 
that when the concentration of 4-chlorophenol reached 
from 10 to 100, the removal percentage decreased. 
Therefore, it can be concluded that by increasing the 
concentration of removal percentage, the active surfaces 
for adsorption and pore size limitation and electrostatic 
repulsion between the positive adsorbed loads are due to 
this decrease . The results are consistent with the present 
research (26).

3.2.4. Effect of Contact Time on Pb Removal
To investigate the effect of contact time on the adsorption 

of Pb metal ions, experiments were performed at pH 
value of 6, initial concentration of 20 mg/L, temperature 
of 22°C, adsorbent dose of 0.02 g, and contact time of 

Fig. 5. Effect of Adsorbent Dose Changes on Pb Removal Percentage and Adsorption Capacity (Initial Concentration: 20 mg/L, Contact 
Time: 60 Minutes, pH: 6, and Temperature of 22°C).

Fig. 6. Effect of  Concentration Changes on Pb Removal Percentage and Adsorption Capacity (pH: 6, Contact Time: 60 Minutes, Adsorbent 
Dose: 0.01 g, and Temperature of 22°C).
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15-150 minutes. As shown in Fig. 7, it was found that 
with increasing time, removal percentage and adsorption 
capacity increased. For Pb, the highest removal percentage 
was 97.625% and the highest adsorption capacity (195.25 
mg/g) was observed at 150 minutes. Analysis by one-way 
ANOVA showed that different amounts of time had a 
significant effect on Pb removal percentage and adsorption 
capacity (P < 0.05). The results of Duncan’s test showed no 
significant difference in Pb removal percentage at 60, 90, 
120, and 150 minutes, and the contact time of 60 minutes 
was selected as the optimum time.

As the contact time increases, the removal percentage 
and adsorption capacity increase. The contact times of 
60 to 150 minutes were not significantly different and the 
contact time of 60 minutes was selected as the optimum 
contact time. Momeni et al investigated the effect of 
contact time on the rate of Pb removal by graphene and 
found that the highest adsorption occurred at 60 minutes 
and with increasing time, the adsorption rate increased. It 
followed pseudo-second order equation, which is in line 
with the findings of the study (27).

3.2.5. Effect of Temperature Changes on Pb Removal
To investigate the effects of temperature on the rate of 

Pb adsorption, the experiment was performed at pH value 
of 6, an initial concentration of 20 mg, adsorbent dose 
of 0.01 g, contact time of 60 minutes, and temperature 
range of 15-50°C. As shown in Fig. 8, it was found that 
with increasing temperature, removal percentage and 
adsorption capacity increased and for Pb, the highest 
removal percentage was 97.8% and the maximum 
adsorption capacity (196 mg/g) was observed at 50°C. 

Analysis by one-way ANOVA showed that different 
temperatures had a significant effect on Pb removal 
percentage and adsorption capacity.

As the temperature increased, the removal percentage 
and adsorption capacity increased. The results showed that 
there was no significant difference between temperatures 
of 22°C to 50°C and the ambient temperature of 22°C 
was selected as the optimum temperature. Temperature 
affects the efficiency and speed of adsorption. Due to the 
increase in the collision between the adsorbent and the 
adsorbate, the adsorption rate increased with increasing 
temperature

3.3. Determination of Adsorption Isotherm Model
Langmuir and Freundlich adsorption isotherm models 

were performed. Figs. 9 and 10 show the linear curves 
of the Langmuir and Freundlich isotherm models for 
the nano graphene oxide adsorbent for Pb removal. 
According to Figs. 9 and 10 and Table 1, R2 value of 
Freundlich model (R2 = 0.9486) was higher than that 
of Langmuir (R2 = 0.448) and Freundlich model can 
explain the adsorption of Pb ions better than Langmuir 
model. Since the Freundlich model is used to describe 
heterogeneous adsorbent surfaces, it can be concluded 
that the adsorption of Pb by graphene oxide nanoparticles 
is multilayer.

3.4. Evaluation of Adsorption Kinetics
Kinetics study was performed to find the factors 

affecting the reaction rate. Figs. 11 and 12 and Table 
2 show the results of fitting the experimental data with 
pseudo-first order and pseudo-second order kinetics 

Fig. 7. Effect of Time Changes on Pb Removal Percentage and Adsorption Capacity (Initial Concentration: 20 mg/L, pH = 6, Adsorbent 
Dose: 0.01 g, and Temperature of 22°C).
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models. The coefficient of explanation for the pseudo-
first order kinetics is equal to 0.4915 and for the pseudo-
second order kinetics, it is equal to 1. Due to the higher 
pseudo-second order kinetics value, it is concluded 
that the pseudo-second order kinetic model fitted the 
experimental data well.

3.5. Determination of Thermodynamic Parameters of 
Adsorption

The thermodynamic parameters of the Pb adsorption 
process were determined. According to Fig. 13 and Table 
3, the enthalpy of the ΔH reaction is positive, that is, the 
endothermic process, and the positive ΔS value indicates 
that by conducting a reaction, irregularity is increased 
and the negative ΔG value at high temperature indicates 
the spontaneous reaction with increasing temperature. 
ΔG is positive at 15°C which means that the reaction 
is non-spontaneous and at a higher temperature, it is 
negative and spontaneous.

Thermodynamic analysis showed that the amount of 

negative ΔG, positive ΔH, and positive ΔS indicates that 
the reaction is spontaneous, endothermic, and irregular 
with increasing temperature. ΔG is initially positive 
at 15°C but becomes negative at later temperatures. 
Therefore, it is non-spontaneous at 15°C and becomes 
spontaneous reaction at high temperatures. In a study 
by Fathi et al, the removal of hexavalent chromium from 
water with magnetized functionalized nano graphene 
was investigated. The positive ΔS and ΔH values are in 
agreement with the research but the ΔG is inconsistent 
and positive and indicates a non-spontaneous reaction 
(28). In a study, Hosseini et al (22) investigated the removal 
of nickel and chromium from aqueous solutions using 
copper oxide nanoparticles. Based on thermodynamic 
studies, they found that Ni and Cr adsorption process was 
endothermic. The positivity of ∆H values validates this 
fact and based on it, the increase in temperature causes an 
increase in maximum adsorption capacity. The positivity 
of ∆S values signifies an increase in the disorder on the 
solid-liquid surface during the adsorption process (21).

3.6. Comparison of the Removal Percentages in Previous 
Studies

As mentioned before, the highest adsorption rate 
occurred at the concentration of 5 mg/L and the highest 
removal percentage was obtained at the concentration 
of 200 mg/L, which were 1896.3 mg/g and 98.8%, 
respectively. Other studies compared the removal 
percentages. Based on the comparison made in Table 4 
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Fig. 13. Thermodynamics for Pb Adsorption on Modified Nano Graphene Oxide. 
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between the removal percentages obtained in previous 
studies, we conclude that the modified graphene oxide 
adsorbent also has a high removal percentage. Therefore, 
it is crucial to develop new adsorbents with specific active 
sites as well as high surface areas to ensure high selectivity 
and high adsorption capacity for the removal of Pb from 
contaminated water.

4. Conclusion
The parameters of pH, adsorbent amount, contact 

time, temperature, and initial concentration of Pb in 
the discontinuous system had a statistically significant 
effect on the adsorption process (P > 0.05). The highest 
adsorption occurred at the concentration of 5 mg/L 
and the highest removal percentage was obtained at the 
concentration of 200 mg/L, which were 1896.3 mg/g 
and 98.8%, respectively. In investigation of equilibrium 
isotherms, Freundlich model was more in agreement 
with the experimental data. It can be concluded that the 
adsorbent surface is multilayered, non-uniform, and 

heterogeneous due to the adsorption of the material on 
the adsorbent. Concerning the adsorption kinetics, the 
pseudo-second order model fitted the experimental data 
well, indicating that there was a chemical equilibrium 
between the adsorbed material and the adsorbent. 
Thermodynamic studies showed that the process is 
spontaneous (negative ΔG), endothermic (ΔH positive), 
and irregular (positive ΔS) . The modified graphene 
oxide was used for the removal of Pb from aquatic 
environment due to its simple and inexpensive method 
of preparation. One of the advantages of using graphene 
oxide nanoparticles is its high adsorption capacity and 
specific surface area and potential, and melamine-
modified graphene oxide is also a suitable adsorbent for 
the removal of heavy metals such as Pb due to its high 
adsorption capacity.
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