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a b s t r a c t
This study aims to investigate the efficiency of lead (Pb) adsorption by adsorbent maleate/
polyacrylonitrile nanocomposite using immersing the pristine electrospun (PAN) nanofibers. 
Characterizations such as field emission scanning electron microscopy, transmission electron micros-
copy, and Fourier transform infrared spectroscopy were applied to investigate the structure of the 
synthesized maleate nanoparticles. FESEM image indicates the smooth surface of the PAN nanofi-
bers and the maleate nanoparticles coating on the electrospun PAN nanofibers surface. A four-factor 
central composite design was employed, with six replicas at the central points to optimize the 
process variables. The maximum Pb removal percentage of 98.5% was achieved at the initial con-
centration of 25 mg/L, an adsorbent dosage of 1.85 g/L, a pH of 6, and a contact time of 60 min. 
The adsorption process follows the Langmuir isotherm (R2 = 0.99) and pseudo-second-order kinetics 
(R2 = 0.99). The highest capacity of Pb ions adsorption through maleate/PAN nanocomposite was 
349.15 mg/g that makes it a potential adsorbent in wastewater treatment.
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1. Introduction

Nowadays, one of the most important environmental 
problems throughout the world is the pollution of water 
resources due to the discharge of industrial wastewater 
containing heavy metals [1]. Heavy metals such as mer-
cury, lead, cadmium, and arsenic, due to high toxicity can 

endanger human health even at trace concentrations [2]. 
Therefore, it should be removed from wastewater before 
being discharged into the receiving water because of their 
stability and non-biodegradability in nature [3]. Various 
treatment methods such as filtration, bioremediation, 
chemical oxidation, ion-exchange, and adsorption have 
been investigated for removal of these heavy metals from 
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contaminated water [4]. Among these methods, the adsorp-
tion process due to simplicity, feasibility, recovery of metal, 
easy in operation, and versatility has been considered as 
an economical method for the removal of heavy metals [5]. 
Today, different adsorbents, such as zeolites, metal oxides, 
clays, and other materials have been used for the adsorp-
tion of heavy metals [6–9]. Maleate nanoparticles (reaction 
between carboxylic acids and iron oxy-hydroxides), among 
various types of nanoparticles, are promising candidates 
to efficiently adsorb pollutants in case of water treatment, 
because of unique physical and chemical properties [6]. 
In addition, the residual nanoparticle in aqueous solution 
has two main problems: difficult recovery and easy aggre-
gation in aqueous solution. Consequently, in order to solve 
these problems, much attention has been given to the use 
of adsorbents by loading them on another solid media 
(e.g., polymer materials) to prevent them from being washed 
off [10]. Nanofiber material with high porosity, extensive 
surface ratio, significant adsorption capacity and small 
interfibrous pore size has been used as the most effective 
sorbent for the removal of heavy metals in recent years [11]. 
A study by Maleki et al. [12] claimed that functionalization 
of maleate nanoparticle with nanofiber, not only increases 
its large accessible surface area but also improves its heavy 
metal absorption. In the present study, maleate/PAN nano-
composite fibers were synthesized using immersing the 
pristine electrospun (PAN) nanofibers. Maleate nanoparticle 
was selected as a functionalizing agent because of its high 
heavy metal adsorption capacity. The reason for the use of 
PAN nanofibers for loading maleate nanoparticles is that it 
can improve the removal of heavy metals owing to its elec-
tron-donating nature. The nanoparticles were able to bind to 
the surface of the polymer because of the presence of carboxyl 
groups on the surface of the nanoparticles. To our knowl-
edge, maleate nanoparticle have not been used for the prepa-
ration of maleate/PAN nanocomposite. Then, the efficiency 
of maleate/PAN nanocomposite was investigated for lead 
ions removal. RSM based on a central composite design 
(CCD) was used for studying the interaction between vari-
ables by synthesized nanocomposite. Therefore, the aim of 
this study was designed to develop a novel nanocompos-
ite for lead removal from aqueous solutions. Investigated 
experimental variables consist of maleate/PAN nanocom-
posite dosage, initial Pb ions concentration, pH, and contact 
time. All the variables were simultaneously used for cal-
culation of their relative effects. In addition, the prepared 
maleate/PAN nanocomposites were characterized in terms 
of their morphology, structure, shape, and their crystallinity 
using SEM, FTIR, and TEM techniques, respectively. 

2. Experimental setup

2.1. Materials

The compounds used in this study are as follows:
N,N-dimethylformamide (DMF), iron(II) chloride tetra-

hydrate (FeCl2∙4H2O), potassium hydroxide (KOH), hexam-
ethylenetetramine (C6H12N4), sodium nitrate (NaN2), maleic 
anhydride (C4H2O3) were purchased from Merck (Germany). 
In addition, for preparing the stock solution, lead(II) nitrate 
(Pb∙(NO3)2) (Merck, Germany) was used. 

Polyacrylonitrile powder (PAN) (MW = 80 kg/mol) made 
from Iran Poly acryl company (Isfahan, Mobarakeh) was 
supplied as the polymer for the synthesis of PAN nanofibers 
by electrospinning technique. 

2.2. Preparation of maleate nanoparticles

First, lepidocrocite was synthesized via the reaction of 
12 g FeCl2∙4H2O, 1.68 g C6H12N4, and 4.2 g NaNO2 in 50, 
20, and 20 mL distilled water, respectively. For this pur-
pose, FeCl2∙4H2O and hexamethylenetetramine solutions 
were mixed on the stirrer; then titrated with NaN2 solu-
tion at 30°C. Solutions are sonicated (SONREX Digitec 
DT52 H, Bandelin, Germany) for 1 h at a temperature of 
55°C. The obtained mixture was centrifuged and dried at 
room temperature for 1 h. In the second step, maleic fer-
roxane was synthesized by the reaction of lepidocrocite and 
maleic anhydride. Briefly, 6 g lepidocrocite and 9.8 g maleic 
anhydride mixed in 200 mL deionized water and refluxed 
for 20 h at boiling point. The precipitate finally obtained 
after centrifugation by Universal 320R centrifuge (Hettich, 
Germany) and was washed with deionized water and 
dried in an oven at 80°C and then, crushed and sieved by 
using a mesh number 60 (approximately 0.25 mm). 

2.3. Electrospun maleate/PAN nanocomposite  
fibers preparation 

The electrospinning setup (PARS NANO RIS Co., 
Kermanshah) for this work is shown in Fig. 1, which 
consists of the cylindrical collector, a high power source, 
nozzle, and syringe for the polymer injection. In electro-
spinning, the polymer solution through the syringe noz-
zle is poured into a grounded collector in the presence of 
the electrical field. Charging the polymer droplet leads 
to changes in its shape resulting in a Taylor cone. On the 
other hand, increasing the electrical power causes excessive 
electrical forces from the droplet surface tension. During 
the jet of polymer to the collector, jet undergoes bending 
instability due to the charge repulsion on its surface which 
causes in the formation of very long fibers. Finally, with 
the evaporation of the solvent, the polymeric fibers on the 
grounded collector are deposited. The conditions for PAN 
electrospinning were obtained as follows: the temperature 
of 23°C, relative humidity of 20%, the voltage of 22 kV, and 
9 cm gap between nozzle and collector. For PAN nanofibers 
preparation, an aqueous solution of PAN was made based 
on Moradi et al. [5], by mixing 1.5 g PAN (Mw = 80 kg mol−1) 
and 10 g DMF (99.8%) for 16–24 h at 60°C until homogeneous 
solutions are achieved for electrospinning application. The 
synthesized solution was loaded in a plastic syringe with a 
blunt stainless steel needle (0.31 mm internal diameter) and 
fed constantly by a syringe pump at 1 mL/h. Electrospun 
fibers were obtained by applying a voltage of 22 kV with 
a high voltage DC power supply. Surface collector with an 
indium tin oxide conductive and glass fabric coating was 
used to collect the fibers. In order to coat maleate nanopar-
ticles to nanofiber mat, appropriate amount of nanoparti-
cles was dispersed into a 50 mL acetone solution (Chemical 
Grade, Nashik, Maharashtra). The solution obtained was 
poured slowly and uniformly on the nanofibers mat.
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2.4. Adsorbent characterization

Lepidocrocite and maleate nanoparticles were character-
ized by Fourier-transform infrared (FTIR) and SEM analyses. 
FTIR analysis was done in the range of 400 and 4,000 cm−1 with 
KBr pellets at 25°C (Bruker alpha, Germany). To observe the 
surface morphology of nanoparticles and membrane adsor-
bents, scanning electron microscopy (SEM, Philips XL-30S 
FEG and LEQ1450 VP, Netherlands) was used. Transmission 
electron microscopy (TEM) image of maleate/PAN nanocom-
posite fibers was recorded by Philips CM120 (Netherlands).

2.5. Experimental design based on CCD

The statistical techniques are combined in RSM to opti-
mize the processes and evaluate the significance of vari-
ous parameters [13]. The experimental design technique 
is applied to recognize the performance of adsorption pro-
cess. Applying RSM leads to achievable minimum experi-
mental runs and subsequently reduces the materials con-
sumption [14]. RSM was applied for evaluation of the 
independent variables such as initial lead concentration 
(A), maleate/PAN dose (B), pH (C), and contact time (D) on 
the adsorption process. The experimental runs on condi-
tions of variables, based on CCD, are shown in Table 1.

The lead removal percentage (Y) was served as a 
response. Experimental analysis including regression analy-
sis and analysis of variance (ANOVA) was done by Design-
Expert version 7.00. The regression model based on the 
quadratic equation (Eq. (1)) was performed to anticipate the 
optimum condition and interaction between independent 
variables.
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where R: the response; k: the number of parameters; xi and 
xj: selected parameters; α0, αi, αii and αij: constant, linear, 
quadratic and second-order interaction coefficients, respec-
tively, and e: the experimental error of parameters. The fit 
quality of quadratic model was explained by descriptive 
statistics such as determination coefficient (R2), F-value, 

p-value, the degree of freedom (DF), the coefficient of 
variation (C.V.), and the sum of squares (SS). 

2.6. Adsorption process experiments

The batch adsorption process experiment was conducted 
by treating the prepared stock solutions with different 
ranges of maleate/PAN nanocomposite dosage from 0.7 to 
3 g/L, with varying agitation time from 30 to 90 min, pH of 
adsorption process from 4 to 6 based on the design obtained 
from the CCD arrangement. In order to provide the required 
initial solution of Pb solution, lead stock (1,000 mg/L) was 
diluted with distilled water. The pH was adjusted using HCl 
(1 M) and NaOH (1 M) and controlled by pH meter (HQ40d). 
Appropriate amounts of adsorbent and 50 mL of their 
queried concentration of Pb(NO3)2 solutions were placed in 
a 100 mL Erlenmeyer flask with a constant agitation rate of 
180 rpm in a shaker at ambient temperature ranged from 25°C 
to 30°C. Finally, supernatants were analyzed using atomic 
absorption spectrophotometer PG-990 (PG 13 Instruments 
Limited, United Kingdom) to determine lead concentra-
tion. The heavy metal removal efficiency and amount of  
adsorption were calculated by Eqs. (2) and (3), respectively.
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where E is the removal efficiency, C0 (mg/L) and Ce (mg/L) are 
the initial and final Pb concentrations in the solution, respec-
tively. q (mg/g) is adsorption capacity, V (L) is the solution 
volume, and M (g) is the amount of applied adsorbent.

For isotherms adsorption modeling, the results using 
linear forms of Langmuir, Freundlich, and Dubinin–
Radushkevich (D-R) equations (Eqs. (4)–(8)) were analyzed 
as follows [15]: 
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where qe is the Pb equilibrium concentration (mg/g); 
qmax is the maximum adsorption (mg/g); KL and Kf repre-
sent Langmuir (1/mg) and Freundlich (mg/g) constant, and 
n shows the adsorption rate. Parameter of qm,D-R (mg/g) is 

Fig. 1. Electrospinning setup (PARS NANO RIS Co.).
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the theoretical maximum adsorption capacity of the D-R 
isotherm. β (mol2/kJ2) is the affinity coefficient regarding the 
free energy of adsorption process and e constant is the Polanyi 
potential energy. R and T (K) are the universal gas constant 
and the absolute temperature, respectively. E (kJ/mol) is aver-
age adsorption free energy [15]. Besides, the equilibrium data 
using pseudo-first-order and pseudo-second-order kinet-
ics were modeled. The correlation coefficient (R2) was used 
for the correlation between experimental results and models. 

The pseudo-first-order and pseudo-second-order kinetics 
are as follows [16]:

log logq q q K te t e−( ) = − 1  (9)

t
q K q qt e e

= +
1 1

2
2  (10)

where qt and qe are the amount of Pb on the nanocompos-
ite at time t and at equilibrium time (mg/g) respectively, and 
K1 (1/min) and K2 (mg/(g min)) represents the pseudo-first- 
order and pseudo-second-order constants. The log(qe – qt) 
vs. t graph for determination of R2 coefficient and K rate and 
regarding obtaining the speed parameters, the t/qt vs. t chart 
has been used. Based on the t/qt vs. t graph and according 
to slope and y-intercept, the qe and K2 were calculated. 

3. Results and discussion

3.1. Electrospun maleate/PAN nanocomposite 
nanofibers characterization

The surface morphology of electrospun maleate/PAN 
nanocomposite nanofibers was characterized by FESEM 
(Fig. 2). Fig. 2a confirmed the orientated PAN nanofibers 
with the average diameter of 209.6 ± 32.0 nm. As shown in 

Table 1
CCD and experimental values of Pb removal

Run Pb concentration  
(mg/L)

Adsorbent  
dosage (g/L)

pH Contact time  
(min)

Removal 
(%)

Coded Actual Coded Actual Coded Actual Coded Actual

1 0 25 0 1.85 0 6 –1.5 15 85
2 –1 10 –1 0.7 –1 5.0 –1 30 40
3 –1 10 –1 0.7 1 7.0 –1 30 47
4 –1 10 1 3.0 –1 5.0 –1 30 52
5 –1 10 1 3.0 1 7.0 –1 30 55
6 1 40 –1 0.7 –1 5.0 –1 30 66
7 1 40 –1 0.7 1 7.0 –1 30 77
8 1 40 1 3.0 –1 5.0 –1 30 73
9 1 40 0 1.85 1 7.0 –1 30 78
10 0 25 0 1.85 0 6.0 0 60 98.5
11 0 25 0 1.85 0 6.0 0 60 97.9
12 0 25 0 1.85 0 6.0 0 60 97.5
13 0 25 0 1.85 0 6.0 0 60 90
14 0 25 0 1.85 0 6.0 0 60 98
15 0 25 0 1.85 0 6.0 0 60 93
16 0 25 –1 0.7 0 6.0 0 60 67
17 0 25 0 1.85 0 6.0 0 60 58
18 1 40 0 1.85 0 6.0 0 60 83
19 0 25 0 1.85 –1 5.0 0 60 68
20 0 25 0 1.85 1 7.0 0 60 68
21 0 25 1 3.0 0 6.0 0 60 80
22 –1 10 –1 0.7 –1 5.0 1 90 43
23 –1 10 –1 0.7 1 7.0 1 90 53
24 –1 10 1 3.0 –1 5.0 1 90 65
25 –1 10 1 3.0 1 7.0 1 90 67
26 1 40 –1 0.7 –1 5.0 1 90 68
27 1 40 –1 0.7 1 7.0 1 90 76
28 1 40 1 3.0 –1 5.0 1 90 78
29 1 40 1 3.0 1 7.0 1 90 81
30 0 25 0 1.85 0 6.0 1.5 105 96
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Fig. 2b, the surface of the nanofibers was not smooth in elec-
trospun maleate/PAN nanocomposite and maleate nanopar-
ticles could be observed on the PAN nanofibers surface, 
which created a high adsorption capacity for Pb ions. The 
TEM images (Fig. 2c) of the surface in maleate/PAN nano-
composite nanofibers reveals that the maleate nanoparticles 
were loaded on the PAN nanofiber surface. Fig. 2b reveals 
the good dispersion of maleate nanoparticles on the surface 
of the PAN nanofibers. As shown in Fig. 2c, the particle size 
is lower than 100 nm, which presented the nanostructure 
of particles.

The FTIR spectra of maleate nanoparticles are clearly 
shown in Fig. 3. Accordingly, in Fig. 3, peaks at 1,489 and 
1,543 cm–1 were related to the carboxylate bond between 
lepidocrocite and maleic anhydride. The peak of 1,421 cm–1 
was proofed for carboxylate groups of maleate [17]. The 
bands at 3,580 and 3,670 cm–1 were associated with the free 
–OH stretching. Peaks in the region 1,090–990 cm–1 were 
related to the S=O stretch. The bands are found between 550 
and 750 cm–1 due to the X–H stretch of hydrogen-bonded 
water and amides. Indeed, the large tendency of the parti-
cles to strongly attract one another comes from the exis-
tence of the maleate and hydroxyl functional groups present 
on their surface and thus producing huge agglomerates.

3.2. Statistical analysis and modeling

A four-factor CCD was employed, requiring 30 exper-
imental runs (calculated based on Eq. (1)), which consist 
of six replicas at the central points to optimize the process 

variables. The levels of variables using CCD are shown in 
Table 1. The model for Pb removal percentage concerning 
coded variables is defined in Eq. (11):

%R = +95.61 + 10.37A + 4.82B + 3.34C + 2.90D – 2.06AB  
  – 1.56AD – 1.44BC + 1.44BD – 11.00A2 – 9.70B2 –  
  9.22C2 – 2.11D2 (11)

The significance of the model by F and p-values 
was investigated and the results are listed in Table 2. 
In statistical analysis, p-values lower than 0.05 is signifi-
cant; and the higher F-value represents that it is more sig-
nificant in the model [18]. Based on Table 2, the effect of 
variables: initial Pb concentration, adsorbent dosage, pH, 
and contact time was significant (p < 0.0001). The effects 
of squared terms of all terms of A2, B2, C2, and D2 and the 
interaction between parameters (concentration–dosage, 
dosage–pH, and dosage–time) were significant. The coef-
ficient of determination (R2) indicates the variance of the 
dependent variable that is predictable from the indepen-
dent variables [19]. The adjusted determination coefficient, 
adj R2, was performed for comparison between the model 
with different numbers of predictors [20]. The value of 
R2(adj) equals to 0.97, which indicates that the model for 
Pb removal explained is 97% of the total variance. In addi-
tion, a good relationship between the response (removal 
of Pb) and the independent variables is provided. On the 
other hand, the p-value is lower than 0.05, which rep-
resents significant parameters, while the p-value related to 
lack of fit with a value of 0.9481 is insignificant. Based on 
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Fig. 2. FESEM graphs of electrospun: (a) PAN, (b) maleate/PAN nanofibers, and (c) TEM images of maleate nanoparticles.
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p-value parameters regarding the fit model, Eq. (11) was 
statistically significant for Pb removal by maleate/PAN 
nanocomposite nanofibers in this study. 

3.3. Effect of parameters on Pb removal

The model for Pb removal with electrospun maleate/
PAN nanocomposite as a function of the Pb concentra-
tion, dosage at different pH, and contact time is illustrated 

in Fig. 4. The Pb removal percentage depends on the dose 
of adsorbent concentrations and as the dosage increases 
around 2.5 g/L, the removal percentage increases. In fact, 
increasing the adsorbent dosage provides sufficient active 
sites for Pb ions adsorption using electrospun nanofibers 
nanocomposite. As shown in Fig. 4a, when the dosage of 
adsorbent increases to 2.5 g/L, it may increase the degree 
of unsaturation in the active sites, thus it leads to decreased 
availability of the active adsorption sites and the surface 

Fig. 3. FTIR spectra of the maleate nanoparticles.

Table 2
ANOVA results of the model of Pb removal using maleate/PAN nanofibers

p-value Prob.>FF valueMean squaredfSum of squaresSource model

<0.0001108.81698.08128,376.94Model
<0.0001343.352,202.7412,202.74A
<0.000174.06475.111475.11B
<0.000135.68228.891228.89C
<0.000126.92172.701172.70D
0.004610.6168.06168.06AB
0.02456.0939.06139.06AD
0.03655.1533.06133.06BC
0.03655.1533.06133.06BD
<0.0001214.491,376.0511,376.05A2

<0.0001166.111,065.6911,065.69B2

<0.0001150.75967.161967.16C2

0.01217.8950.63150.63D2

6.4217109.06Residual
0.94810.333.991247.89Lack of fit

12.24561.18Pure error
298,486.00Cor. total

34.23Adequate precision
R2(pred) = 0.96R2(adj) = 0.97R2 = 0.98
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Fig. 4. Three-dimensional plots of the Pb concentration and dosage on the maleate/PAN nanocomposite efficiency at different pH and 
contact time. (a) 5 and 30 min, (b) 5 and 60 min, (c) 5 and 90 min, (d) 6 and 30 min, (e) 6 and 60 min, (f) 6 and 90 min, (g) 7 and 30 min, 
(h) 7 and 60 min, (i) 7 and 90 min and temperature 25°C.
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area [21]. Indeed, it is clear that a further increase in adsor-
bent dosage (more than about 2.5 g/L) did not result in 
increasing Pb ions removal; because, although the active 
sites available on the adsorbent increase with increasing 
the nanofiber adsorbent dosage, these active sites remain 
unsaturated in adsorption process. The removal percent-
age of lead depends on the initial concentration of ions, as 
the concentration increases from approximately 10–34 mg/L 
the removal efficiency rapidly increases. This effect has been 
attributed to saturation of available active sites with high 
Pb concentration. Indeed, high concentration of heavy metal 
ions leads to occupation of adsorption sites and subsequent 
reduction of the number of active sites. Similar observations 
are agreed with the results. Based on Figs. 4a–i, when pH 
rises to around 6, the rate of Pb removal also increases at 
the same initial concentration and nanocomposite dos-
age, but increasing in pH nearly 7, Pb removal percentage 
decreased. On the other hand, however, contact time is 
not only an influential parameter for the lead adsorption 
particularly from 30 to 60 min but also the Pb removal rate 
was not substantially affected by increasing the contact 
time from 60 to 90 min. The Pb adsorption mechanism by 
maleate/PAN nanofibers indicates that the nanocomposite 
performed as an ionic exchanger that created complex for-
mation. Indeed, in the ion exchange mechanism, losing H+ 
ions from acid groups can cause Pb ions adsorption. In the 
ion exchange mechanism, H+ ions could be easily released 
using fumaric acid groups and then, lead to ions adsorbing.

3.4. Isotherm and kinetic studies

The Pb adsorption isotherm by the maleate/PAN nano-
composite is shown in Table 3. The isotherm modeling is 
the most important parameter for design of adsorption sys-
tems, which donates a relationship between the adsorption 
capacity and adsorbent concentration. Langmuir isotherm is 
defined by single-layer adsorption and on the other hand, 
Freundlich isotherm is based on multi-layer adsorption 
of adsorbate. In addition, D-R isotherm applies to present 
adsorption mechanism with Gaussian energy distribution 
onto surface adsorbent. According to Table 3, the regression 
coefficients of Langmuir isotherm were closer to the unity 
for the adsorption results within the studied concentration 
range with R2 = 0.99, compared with Freundlich and D-R 
isotherm with R2 = 0.97 and 0.83, respectively. The results 
were well congruent with previous data. 

The kinetic models of Pb adsorption by the maleate/PAN 
nanocomposite are illustrated in Fig. 5. Furthermore, the 
results of kinetic Pb adsorption are shown in Table 3. Indeed, 

application of pseudo-first-order and pseudo-second-order 
models at different concentrations of the lead was studied. 
In the pseudo-first-order graph, the log(qe–qt) vs. t was plot-
ted to determine the K1 value and R2 coefficient. In order 
to obtain K and qe in the pseudo-second-order model, the 
slope and y-intercept of t/qt vs. t plot were used. Comparison 
of the R2 value in the kinetic models shows concordance 
of the adsorption by the pseudo-second-order kinetics. 
The results were in agreement with the other studies [22,23].

Furthermore, the results of kinetic Pb adsorption 
are shown in Table 3. Application of pseudo-first-order 
and pseudo-second-order models at different concentra-
tions of the lead was studied. In the pseudo-first-order 
graph, the log (qe–qt) vs. t was plotted to determine the K1 
value and R2 coefficient. In order to obtain K and qe in the 
pseudo- second-order model, the slope and y-intercept of t/qt 
vs. t plot were used. Comparison of the R2 value in the kinetic 
models shows concordance of the adsorption by the pseu-
do-second-order kinetic model.

3.5. Comparison of maleate/PAN nanocomposite with 
other adsorbents

The maleate/PAN nanocomposite synthesized due to 
its high surface-to-volume ratio which has a better adsorp-
tion capacity compared with other synthesized adsorbents 
presented in Table 4. This result related to the homogeneous 
distribution of the activated sites on the nanocomposite 
nanofibers. This study found that the qmax is 349.15 mg/g 
compared with other studies in Table 5. This agrees that 
maleate/PAN nanocomposite has better performance in 
case of Pb adsorption from contaminated water.

4. Conclusion

The maleate/PAN nanocomposite was successfully 
synthesized by electrospinning way followed by coating 
method and then the electrospun maleate/PAN nanocom-
posite was characterized for adsorbing lead ions. Based on 
FESEM graph, the maleate nanoparticles were coated on 
the PAN nanofibers surface. For optimizing the parameters 
(Pb concentration, nanocomposite dosage, pH, and contact 
time), RSM technique was applied. As a result of the RSM 
optimization, the optimum condition of Pb concentration, 
maleate/PAN nanocomposite dosage, pH, and contact time 
were 25 mg/L, 1.85 g/L, 6, and 60 min, respectively, where 
98.5% of lead removal was achieved. Based on the isotherm 
and kinetics modeling, Langmuir isotherm and pseudo- 
second-order kinetics provided a better fit than other models.

Table 3
Isotherm and kinetic parameters of Pb adsorption onto maleate/PAN nanocomposite

R2 = 0.96
Pseudo-first-order

R2qmaxKLLangmuir
K1

 = 0.02690.99349.150.021
qe

 = 12.10R2nKfFreundlich
R2 = 0.99

Pseudo-second-order
0.971.149.98

K2
 = 0.252R2Eβ qm,D-RDubinin–Radushkevich

qe
 = 158.730.8311.20.01183.29
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