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Abstract The adsorption behavior of lead (II) from
aqueous solutions utilizing ZnO/polyacrylonitrile (PAN)
nanofibers was studied. ZnO/PAN nanofibers were prepared
by electrospinning method. The changes of the parameters
of adsorbent amount, pH, contact time, and temperature
were tested in the adsorption experiments. The adsorption
was well described by the Langmuir adsorption isotherm
model. The thermodynamic parameters indicate that the
adsorption process is exothermic. The dynamic behavior of
the lead (II) ions adsorption by PAN/ZnO nanofibers was
well described by the pseudo-second-order kinetic model.
The adsorbent can be regenerated by suitable desorption
processes for multiple uses without significant loss of its
adsorption capacity.
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Introduction

The presence of heavy metals in the environment is one
of the major concerns because of their toxicity and threat
to human life [1-3]. Many of these metals are required by
humans in trace amounts, but in larger, persistent dosages,
these heavy metals become toxic when they are not metab-
olized by the body and accumulate in the soft tissues [4].
Lead toxicity may cause adverse health effects such as ane-
mia, encephalopathy, hepatitis, and nephritic syndrome [5].

Nanofibers are able to form a highly porous mesh and
their large surface-to-volume ratio improves performance
for many applications such as scaffolds in tissue engineer-
ing [6], drug delivery systems [7], nanofibrous membranes
for fine filtration [8], and protective clothing [9]. The utili-
zation of nanofibers is an attractive alternative to traditional
separation methods due to their interesting characteristics
such as high porosity, large surface area per unit mass, high
gas permeability, and small interfibrous pore size [6] which
lead to high adsorption rate and capacity as compared to
other types of materials such as resins [10], foams [11], and
conventional fibers [12].

Presently, the application of nanoparticle has emerged as
a fascinating area of interest for removal of metallic pollut-
ants from industrial effluents [13-17].

Over recent years, the incorporation of nanoparticles in
the polymer nanofibres has received a tremendous amount
of interest in the preparation of more effective nano-adsor-
bents system, implying a synergistic effect between the
nanoparticles and nanofibres [18].

The ZnO nanoparticles with some features including
high absorption of ultraviolet radiation and long life span
[19] are widely used as catalyst [20], gas sensor [21], active
filler in rubber and plastic, UV absorbent in cosmetics,
and antivirus in coatings [22]. ZnO nanoparticles can be
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synthesized by various methods such as the sol-gel pro-
cess, homogeneous deposition, mechanical synthesis, orga-
nometallic synthesis, sonochemistry, and thermal evapora-
tion [23].

The sonochemistry method has been proven as a useful
technique to obtain new materials with interesting proper-
ties which is based on the acoustic cavities resulting from
the continuous formation, growth, and collapse of bubbles
in a liquid. This method does not require high temperatures
and surfactant [24].

In this study, the modified polyacrylonitrile (PAN)
nanofibers with zinc oxide (ZnO) nanoparticles were syn-
thesized. The prepared material was then used as adsor-
bent in the removal of lead ions in aqueous solution. The
adsorption behavior of lead ions on this adsorbent has been
studied and discussed.

Methods
Apparatus

Crystal structure of the prepared ZnO nanoparticles was
analyzed using Cu Ko radiation (Philips PW 1800, USA).
Size and morphology of the obtained nanoparticles and
nanofibers were observed by scanning electron microscopy
(SEM, LEO1455VP, Germany). Thermal stability of the
nanofibers was studied by thermogravimetric analysis (TG-
DTA, STA 1500, UK) under air atmosphere at the heating
rate of 283 K/min. IR spectra were recorded with a Brucker
Vector 22 spectrometer (Germany) using KBr disks. Quan-
titative determinations of inorganic ions were carried out
using an inductively coupled plasma atomic emission spec-
troscopy (ICP-AES, Optima 7300 DV, USA). The ultra-
sound apparatus was a cleaning bath Wiseclear 770 W
(Seoul, Korea). The operating frequency was 40 kHz and
the output power was 200 W.

Materials

All chemicals were of the highest purity available and
used as received without further purification. PAN
(Mw = 150,000), zinc acetate, tetra methyl ammonium
hydroxide (TMAH), oleic acid (OLEA, 99 %), and tolu-
ene were purchased from Sigma (St. Loius, MO, USA).
Dimethylformamide (DMF), ethanol, potassium chloride,
and lead (II) nitrate were purchased from Merck (Darm-
stadt, Germany).

Synthesis of ZnO nanoparticles

To prepare ZnO nanoparticles, 250 ml of the solution
(0.1 M) of Zn(CH;COO), in EtOH was posited in an
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ultrasonic bath, then into this solution, 100 ml of TMAH
solution (0.1 M) was added dropwise. After the end of
TMAH addition, the solution was remained in the bath for
30 min at 313 K. The obtained precipitates were filtered by
centrifuge, subsequently washed with EtOH and then dried.
To form ZnO powders, the obtained precipitates were
heated at 673 K in a furnace for 4 h.

In order to prepare ZnO nanoparticles that are dispers-
ible in organic solvents and to reduce the aggregation
among ZnO nanoparticles, an effective surface modifica-
tion method was proposed by grafting oleic acid onto the
ZnO particles. 1.5 ml of oleic acid was added to 50 ml
o-xylene and then 1 g of nanoparticle powder was added to
the solution. The obtained solution was refluxed for an hour
at 323 K. Then the solution was centrifuged and the pre-
cipitate washed three times with toluene and dried at 343 K
for 1 h. The OLEA-coated ZnO nanoparticles were then
easily redispersed in dimethylformamide (DMF).

Synthesis of nanofiber containing ZnO nanoparticles

Fibers of PAN/ZnO were obtained by electrospinning. The
PAN/DMF solution was prepared by dissolving 1 g PAN
in 10 ml DMEF, and then 0.01 or 0.03 g ZnO nanoparticles
were added to this solution and dispersed using an ultra-
sonic apparatus for 2 h.

A homemade electrospinning setup consisted of a
spinneret (metal needle), high-voltage supplier (DW-
P503-4AC, Iran), ground collector and a syringe pump
(JMS SP-510, Japan) was applied to fabricate PAN/ZnO
fibers. The high-voltage supplier was used to connect metal
needles and the grounded collector for forming electrostatic
fields. The grounded collection roller covered with the alu-
minum foil was used to collect the nanofibers. The solution
flow rate was controlled by a syringe pump.

The parameters of electrospinning were set as follows:
voltage 18 kV, collecting distance between the syringe nee-
dle tip and the grounded collector 15 cm, and solution flow
rate 2 ml/h.

Batch adsorption experiments

0.05 g of adsorbent was kept in 5 ml of 1.2 x 10™* mol/l
metal ion solutions at 298 £ 1 K for 5 h, with intermittent
shaking to reach equilibrium. The solution was then filtered
and metal ions were determined using ICP. Blank solutions
were prepared without adsorbent, having the same concen-
tration of metal ions. This solution was treated in the same
way as above. The distribution coefficients (K;) value was
calculated by the following equation (Eq. 1, [25]):
K I-F|V

[
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where I and F are the initial and final concentration (mg/1)
of metal ions in the solution phase, V is volume of initial
solution in ml, and M is the dry mass of the adsorbent in g.
Removal efficiency (R%) of metal ions by the adsorbent is
considered in percentage as Eq. (2), [26]:

I—F
Removal efficiency (R%) = (I—) x 100 )

The maximum capacity of adsorbents for K in aqueous
solutions was determined by batch equilibration of 0.03 g
of nanofibers and 15 ml of 0.05 M of the KCI solution in
a shaker water bath adjusted at 298 £ 1 K. After equilibra-
tion, the phases were separated and K™ concentration was
determined by flame atomic absorption spectroscopy analy-
sis (FAAS). Capacity (mg/g) was calculated from Eq. (3),
[27]:

%Uptake V

ity = Z — s
Capacity = Cp x Z X 100 xmmg/g 3)

where
%Uptake = (Aeq/Ap) x 100

C, is the initial concentration of solution, (g/l), V is the
solution volume (ml), m is the weight of the exchanger (g),
and Z is the charge of the metal ion adsorbed. A, and A,
are the initial amount of metal ion in the solution and the
amount of metal ion adsorbed by adsorbent at equilibrium
(g/), respectively.

Results and discussion
Characterization

The XRD pattern of resulting ZnO nanoparticles is shown
in Fig. 1. All the peaks in the diffraction diagram could be
assigned to the hexagonal phase ZnO. The crystallographic
phase is in good agreement with the standard data form
JCPDS card no. 001-1136.
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Fig.1 XRD patterns of ZnO nanoparticles

The SEM image of the synthesized ZnO nanoparticles
(Fig. 2) shows well-defined spherical shapes of the nano-
particles having a narrow size and shape distribution over
the relevant size range 30—40 nm.

The PAN nanofibers were less than 20 nm in diameter,
as can be seen in the SEM image (Fig. 3a). A piece of ZnO/
PAN nanofibrous mat was stuck on a copper grid to observe
the shape and distribution of nanoparticles in the PAN
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Fig. 2 SEM images of ZnO nanoparticles
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Fig. 3 SEM images a PAN nanofiber b PAN nanofiber amended by
ZnO nanoparticles
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nanofibers by SEM. Figure 3b shows the ZnO nanoparti-
cles that existed on the surface of the nanofiber. However,
a small part of the ZnO nanoparticles was distributed with
some extent of aggregation.

Figure 4 shows the FT-IR analysis of the ZnO nanopar-
ticles. Above 2000 cm™!, C-H symmetric and asymmetric
stretching vibrations in nearly 2851 and 2922 cm™' are
related to the —CH,— groups in the hydrocarbon part. Bel-
low 2000 cm™!, COO™ symmetric and asymmetric stretch-
ing vibrations related to oleic acid carboxylate anions
attached to the zinc are observed at 1629 and 1458 cm™,
respectively. In 471 cm™!, there is vibration specific to
Zn-0 inorganic bond.

Figure 5 is related to the FT-IR spectrometry analysis
of PAN nanofibers amended by ZnO nanoparticles. By
comparing the following diagram with Fig. 4, it can be
observed that besides the bonds belonging to ZnO nano-
particles, there are also the vibrations of polyacrylonitrile,
which include nitrile groups in 2248 cm™!, carbonyl in
1728 ecm™!, and etheric bond (C-0) in 1070 cm™!. C=0
and C-O-C bands come from methylacrylate comonomer
[28].
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Fig. 4 FT-IR spectrum of as-prepared OLEA-capped ZnO nanopar-
ticles
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Fig. 5 FT-IR spectrum in the 400-4000 cm™~! region of PAN/ZnO
nanofibers
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Fig. 6 Typical thermo gravimetric diagram for PAN/ZnO nanofibers

The thermal degradation of prepared nanofibers was per-
formed with heating rate of 283 K min~! in an air atmos-
phere (Fig. 6). The TGA curve shows a weight loss at two
stages. The weight loss of the first stage, ranging between
573 and 623 K, could be attributed to the cyclization reac-
tion of PAN and the evaporation of volatile materials (oleic
acid) in the composition. The second stage of weight loss
starts at about 883 K and continues up to 923 K is due to the
degradation of polyacrylonitrile chains. This figure shows
that ZnO nanoparticles are very stable in air and no decom-
position takes place in the range of 293-1073 K [27].

The adsorption behavior of nanocomposite
Adsorption studies

The prepared materials were then used as adsorbent in
removal of lead ions in aqueous solution. To optimize the
adsorption system, the effects of various parameters such
as adsorbent type and dose, temperature, pH, concentra-
tion, and time on the adsorption of lead ions were studied.

Effect of adsorbent type The maximum adsorption
capacity of three types of adsorbent (PAN fibers, PAN/ZnO
nanofibers 1 and 3 %) was studied for K*. To investigate
the effect of ZnO nanoparticles, we carried out the com-
parative experiments with PAN fibers loaded with different
amounts of ZnO nanoparticles [1 g PAN, 0.01 g ZnO (1 %)
and 1 g PAN, 0.03 g ZnO nanoparticles (3 %)]. The com-
parative results are summarized in Table 1. Loading a small
amount of ZnO nanoparticles (1 %) into the PAN fibers
results in the considerable enhancement of the adsorption
capacity. An increase in ZnO nanoparticles loading results
in increasing the adsorption capacity of nanofibers. Work-
ing with higher amounts of ZnO was not possible, because
more than 3 % ZnO cannot be well dispersed in DMF. Thus
PAN + 3 % ZnO nanocomposite was applied as an adsor-
bent of choice.
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Table 1 The maximum adsorption capacity of synthesized adsor-
bents

Adsorbent Capacity (mg/g)
PAN nanofibers 1.79

PAN + 1 % ZnO nanocomposite 4.38

PAN + 3 % ZnO nanocomposite 6.6

KCI = 0.05 mol/l, adsorbent weight = 0.03 g, 298 K, 24 h
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Fig. 7 The effect of contact time on adsorption of Pb>* onto adsor-
bent [lead ions = 1.2 x 10~* mol/l, pH 6, adsorbent (PAN + 3 %
ZnO nanocomposite) weight = 0.03 g, 298 K]

The effect of contact time The influence of contact time
on the adsorption of lead ions by PAN/ZnO nanofibers was
investigated by successively increasing of the contact time
from 5 to 350 min (Fig. 7). The quantity of Pb’>* adsorbed
onto the PAN/ZnO nanofibers was found to increase stead-
ily with time and equilibrium was attained at about 30 min.
After equilibrium, the adsorption rate was observed to
remain nearly constant. The apparently high rate of adsorp-
tion in the first 30 min could be attributed to the fact that
the available adsorption sites were sufficient when com-
pared with the density of Pb?* adsorbed at the beginning.
With further increase in time, the adsorption sites become
saturated gradually. Finally, all possible adsorption sites
will be occupied and from then on, a dynamic equilibrium
in which Pb>* ions adsorbed onto the PAN/ZnO nanofib-
ers surfaces are balanced by Pb>" ions leaving the nanofib-
ers surfaces. As a result, no change shall be observed in the
level of Pb>* adsorption.

The effect of temperature The adsorption of metal ions
was carried out at different temperatures between 298 and
333 K using PAN/ZnO nanofibers as an adsorbent. The
experimental results showed that the adsorption reduces
with increase of solution temperature. This indicates that
the adsorption of lead ions on the adsorbent is an exother-
mic process (Fig. 8).

The effect of adsorbent amount The amount of lead
ions adsorption increased with the increase in adsorbent
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Fig. 8 Effect of temperature on adsorption of Pb?* onto adsorbent

[lead ions = 1.2 x 10~* mol/l, pH 6, adsorbent (PAN + 3 % ZnO
nanocomposite) weight = 0.03 g, equilibration time = 30 min]
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Fig. 9 The effect of adsorbent amount on adsorption of Pb>*

onto adsorbent (lead ions = 1.2 x 10™* mol/l, pH 6, equilibration
time = 30 min, 298 K)

dosage and reached a maximum value after a particu-
lar dose (Fig. 9). The optimum metal ions removal was
observed at 0.03 g of PAN/ZnO nanofibers. The increase
in the adsorption of metal ions with nanofibers dosage was
due to the introduction of more binding sites for adsorption
and the availability of more surface area.

Effect of pH The pH of the solution has been reported
as an important factor in adsorption processes. The pH
of the system controls the adsorption capacity due to
its influence on the surface properties of the adsorbent.
Adsorption experiments were carried out in the pH range
of 1.5-6, keeping all other parameters constant, (contact
time = 30 min, adsorbent dose = 0.03 g, and room temper-
ature) while initial lead ion concentration was 1.2 x 107
mol/l. As depicted in Fig. 10, the maximum removal of lead
ions was at pH 6. There was a sharp increase in adsorp-
tion with an increase in pH of the aqueous solution due to
the fact that at low pH, because of high-proton concentra-
tion, positive charge density on the adsorbent increases
and lead ions are fended off. pH increasing causes higher
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Fig. 10 Effect of pH on adsorption of Pb>* onto adsorbent (lead
ions = 1.2 x 10™* mol/l, adsorbent [PAN + 3 % ZnO nanocompos-
ite) weight = 0.03 g, equilibration time = 30 min, 298 K]

negative charge density on the adsorbent so cation adsorp-
tion enhances due to deprotonation of cations. Probably
partial hydrolysis of metal ions causes a consequent reduc-
tion in adsorption capacity. Above pH 6, lead ions precipi-
tated and experiments were not done at higher pH values.

By considering this result, and the two outcomes of the
last section, optimum operational condition was figured to be:
temperature 298 K, contact time 30 min, and pH 6. Under the
optimized conditions, the distribution coefficient of the lead
ions on this adsorbent (K; = 11,208.33 ml/g) shows good
affinity of this material for Pb(Il) cations in water.

Adsorbent regeneration In this section, we have inves-
tigated whether the adsorbent still has an adsorption effect
after the adsorption and how many times the adsorbent
keeps its regeneration. For this purpose, 0.03 g of the
adsorbent was placed in the shaker in contact with 30 ml
of 1.2 x 10™* mol/l Pb(Il) for 30 min. After this time, the
adsorbent was removed from the solution and placed in
contact with distilled water for 24 h to remove Pb ions.
After drying the adsorbent at 333 K, it was subjected to a
second run of the batch adsorption process with the same
concentration of metal ions. This procedure was repeated
three times. After each adsorption step, the concentrations
of solution were measured through ICP analysis and they
are presented in Table 2 for comparison.

As can be observed, the adsorbent can be regenerated by
suitable desorption processes for multiple uses without sig-
nificant loss of its adsorption capacity.

Adsorption isotherm Equilibrium data, commonly
known as adsorption isotherms, are basic requirements for
the design of adsorption system. The equation parameters
and the underlying thermodynamic assumptions of these
equilibrium models often provide some insight into both
the adsorption mechanism and the surface properties and
affinity of the adsorbent. In this study, the Langmuir, Fre-
undlich, and Temkin isotherm models were used to fit the
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Table 2 Removal efficiency (R%) of lead ions after regeneration of
adsorbent

Regeneration cycle R (%)
1 71.25
2 63.64
3 60.19
4 57.72

Lead ions = 1.2 x 10™* mol/l, adsorbent (PAN + 3 % ZnO nano-
composite) weight = 0.03 g, equilibration time = 30 min, pH 6,
298 K

experimental data and analyzed at the optimized tempera-
ture (298 K).

Langmuir adsorption isotherm models the monolayer
coverage of the adsorption surfaces and assumes that
adsorption occurs on a structurally homogeneous adsor-
bent, and all the adsorption sites are energetically identical.
The linearized form of the Langmuir equation is given by
Eq. (4), [25]:

Ce 1 1
= 4+ —
ge Q% Q°
where ¢, (mg/g) is the adsorbate amount adsorbed by 1 g
of the adsorbent, C, (mg/l) is the equilibrium concentra-
tion of the adsorbate in the solution, Q° is the monolayer
adsorption capacity (mg/g),and b is the constant related to
the adsorption intensity.

The Freundlich isotherm model is valid for multilayer
adsorption process with a nonuniform distribution of heat
of adsorption on heterogeneous surfaces [29]. This empiri-

cal equation and the linear forms are given as Eqgs. (5) and
(6), [29]:

CC ’ (4)

qe = Kp C¢, &)

log ge = log Kr + n log Ce, (6)

where Kp [mg g_l x (1 mg_])”] is Freundlich constant

related to the adsorption capacity. The parameter n is Fre-
undlich constant representing the degree of dependence of
the adsorption on the equilibrium concentration.

The derivation of the Temkin isotherm assumes
that due to adsorbate/adsorbent interaction, the heat of
adsorption decrease linearly rather than logarithmically,
as implied in the Freundlich equation. The Temkin iso-
therm is given in the following equations Egs. (7, 8),
[301]:

RT
e = =~ In (Kt Ce), (7
ge = A 4+ Bln Ce, (8)
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where A = (RT/b) In Kt and B = RT/b, R is the univer-
sal gas constant (8.314 J/mol K), T is the temperature (K),
K is equilibrium binding constant (1/g), and b is related to
heat of adsorption (J/mol). Therefore, a plot of g, versus In
C. enables one to determine the constants.

The estimated parameters of the isotherm models are
reported in Table 3. Higher correlation coefficient showed
that Langmuir model described the experimental data bet-
ter than freundlich and Temkin models, which may be due
to the homogeneous distribution of active sites on the nano
adsorbent.

The plot of C,/q, versus C, for the adsorption of Pb*" on
the PAN/ZnO nanofibers is shown in Fig. 11.

Thermodynamic parameters In order to evaluate thermo-
dynamic parameters of Pb(Il) ions adsorption on PAN/ZnO
fibers, the plot of In(K,) as a function of 1/T was detected
(Fig. 12).

From the slope and intercept of the plot and using the
following equation AH? and AS® can be evaluated (Eq. 9),
[27]:

769
8.2 1
81 y = 1400.4x +3.3879
R2=0.9899
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= 7.8 1
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Fig. 12 Van’t Hoff plot for adsorption of lead (II) ions onto adsor-
bent [adsorbent (PAN + 3 % ZnO nanocomposite) weight = 0.03 g,
pH 6, equilibration time = 30 min]

Table 4 Thermodynamic parameters for the adsorption of lead (II)
ions by PAN/ZnO nanofibers

AH® (KJ/mol) = —11.64
AS° (KJ/mol.K) = 0.028

T (K) AG° (KJ/mol K)
Table 3 Isothermal adsorption models for the adsorption of lead (II)
by PAN/ZnO nanofibers 298 —19.984
— 308 —20.264
Langmulr isotherm 318 _00.544
Q° (mg/g) B (/mg) R? 333 —20.964
185.185 0.0096 0.9649
Freundlich isotherm
P ., AS®  AH®
rtmg " e) Ln(Ky) = - = o ©)
4.102 0.4707 0.93331
free energy of adsorption can be calculated by following
Temkin isotherm equation:
b (J/mol) Kr (Vg) AGO _ AHO B TASO (10)
7200 0157 09264 The thermodynamic results are incorporated in Table 4.
The negative value of overall free energy changes indicates
is that the process is spontaneous and the negative value of
’ the enthalpy change corresponds to an exothermic adsorp-
31 R Do tion of lead (II) on PAN/ZnO fibers. The positive value of
25 entropy change illustrates the increased randomness at the
Eo 2 | solid/solution interface and maybe it reflects considerable
% s changes occur in the structure of the adsorbent during the
o N adsorption process.
Adsorption kinetics Several models can be used to
0.5 express the mechanism of solute adsorption onto an
0 ; ; ; ; " , adsorbent.
0 100 200 300 400 500 600

Ce (mg/l)

Fig. 11 Langmuir plot for the adsorption of lead (II) ions onto adsor-
bent [adsorbent (PAN + 3 % ZnO nanocomposite] weight = 0.03 g,
pH 6, equilibration time = 30 min, 298 K)

In order to investigate the adsorption Kkinetics, four
kinetic models including pseudo-first-order, pseudo-second-
order, intra-particle diffusion, and Elovich models were
applied to the experimental data. According to the pseudo-
first-order kinetic model, the adsorption rate is proportional
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to the number of free sites. The rate constant of adsorption
can be determined using Eq. (11), [31]:

kit
2.303

where g, and g, (mg/g) are the adsorption capacities at
equilibrium and at any time, respectively. k; (min™') is the
pseudo-first-order rate constant for adsorption and can be
obtained from Eq. (11).

According to the pseudo-second kinetic model, the rate-
limiting step is the surface adsorption that involves chem-
isorption, where the removal from a solution is due to phys-
icochemical interactions between the two phases [32]. The
model is usually represented by its linear form as shown in
Eq. (12), [26].

log (ge —q1) = — + log ¢e, (11)

t 1 n t
— =t —, 12
@ Kgi o g (12)
where k, is the second-order constant in terms of g/(mg.
min), g, and ¢, are lead uptakes (mg/g) at equilibrium and
at any time during the experiment.

According to the intra-particle diffusion kinetic model,
diffusion phenomenon is the rate-controlling step [33, 34]
and can be described by the Eq. (13):

g = kiat®> + C, (13)

where k,; (mg g~' min=%) is the intra-particle diffusion
rate constant and C (mg g~ ') is the boundary layer thick-
ness. The value of C is proportional to the boundary layer
effect on the adsorption process and can be calculated from
Eq. (13) by plotting q, against *, if a single-straight line
passing through the origin (C=0) is produced, then intra-
particle diffusion only controls the adsorption process. If
multi-linear portions are yielded, then two or more mech-
anisms like external diffusion, pore diffusion, surface dif-
fusion, and adsorption onto the pore surface influence the
adsorption process.
Elovich equation is written as Eq. (14), [30]:

d

% = o exp (—Bq) (14)
= l In (aB) + l In (¢) 5

Qt —_— ﬁ ﬁ ) (1 )

where o and B are the initial adsorption rate (mg/g min)
and the desorption constant (g/mg). The kinetic parameters
of the described models were calculated for lead adsorption
(Table 5).

These results explain that the pseudo-second-order sorp-
tion mechanism is predominant and that the overall rate
constant of each sorption process appears to be controlled
by the physicochemical process (Fig. 13).
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Table 5 Kinetic parameters for the adsorption of lead (II) ions by
PAN/ZnO nanofibers

Pseudo-first-order

k, (min~1) 0.0097
q. (mg/g) 3.8761
R 0.61
Pseudo-second-order
k, (g/mg min) 0.026367
q. (mg/g) 12.285
R? 0.99
Intra-particle diffusion
k4 (mg/g min®?) 1.5494
C (mg/g) 9.3306
R? 0.70
Elovich equation
o (mg/g min) 291116
B (g/mg) 0.673945
R? 0.86
14
121 y =0.0814x+0.2513
R2=0.9997
& 10 1
£
on 8
£
£ 9
S
24
0 : : : . . . . ‘
0 20 40 60 80 100 120 140 160

t (min)

Fig. 13 Pseudo-second-order kinetic plot for the adsorption of lead
(IT) ions on PAN/ZnO nanofibers [adsorbent (PAN + 3 % ZnO nano-
composite) weight = 0.03 g, pH 6, 298 K]

The coefficient of correlation for the pseudo-second-
order kinetic model (0.99) was higher than the pseudo-
first-order (0.61), intra-particle diffusion kinetic (0.70) and
Elovic (0.86) models. Accordingly pseudo-second-order
kinetic model successfully described the kinetics of lead
ions adsorption suggesting that the rate-limiting step was
physicochemical adsorption rather than diffusion.

Conclusion

The removal of lead ions from aqueous solution was carried
out in a batch adsorption mode using PAN/ZnO nanofibers
adsorbent. ZnO/PAN nanofibers were prepared by electro-
spinning method. This adsorbent exhibited effectiveness
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in the removal of Pb(Il) ions from aqueous solutions. The
removal efficiency was controlled by solution pH, adsor-
bent concentration, and contact times.

As a result of investigation of effective parameters, the
optimum conditions achieve at pH 6 and time 30 min. The
adsorption enhances with increasing adsorbent amount.
The thermodynamic parameters indicate spontaneous
(AG° < 0) and endothermic (AH’ < 0) process. The equi-
librium data fit very well with the Langmuier isotherm
equation. The second-order kinetic equation best described
the sorption kinetics.
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