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ABSTRACT

Lead is one of the heavy metals that have harmful effects on the human health and environment. In
this study, a new magnetic/biosilica/sodium alginate adsorbent (MBSA) made by the coprecipitation
method was used to remove lead from aqueous solutions. It was an experimental study conducted at
laboratory scale. The properties of MBSA were analyzed by scanning electron microscope (SEM),
XRD, and FTIR analyses. The influences of various parameters such as contact time (0—80 min), pH
(3—11), initial lead concentration (10-80 mg/L), temperature (298-318 °K), and adsorbent dosage
(0.5-4 g/L) on the sorption process were investigated. The equilibrium isotherm and kinetic models
were used to evaluate the fitness of the experimental data. The results showed that lead removal using
MBSA was obtained at an optimum pH of 11, contact time of 80 minutes, adsorbent dosage of 4 g/L.,
lead concentration of 10 mg/L (46.29 g/g), and temperature of 318 °K. Investigating the isotherm and
kinetic equations showed that the experimental data of the lead adsorption process correlate with the
Langmuir model (R?= 973) and intraparticle diffusion kinetic model, respectively. The values of the
thermodynamic parameters (AH®, AG®°, AS°) indicated that the sorption of Pb (II) ions on MBSA was
spontaneous and endothermic in nature. Due to the good removal efficiency, low cost of the process,
and lack of production of harmful substances for the environment, this adsorbent can be used to
remove lead from the industrial wastewater.
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Introduction Lead is one of the heavy metals that can be

In recent years, due to the activity of
various industries such as metal plating, oil and
gas refineries, color industries, printing,
building batteries, plastics, etc., heavy metals
have entered into the environment, especially
the water sources, in large quantities and over
the permissible limit.!* Because heavy metals
are not biodegradable, they can remain in the
environment and accumulate in organisms and
enter the food chain.®> The entry of these
substances into the human body causes
undesirable health effects, including cancer,
effects on the kidneys, liver, central and
peripheral nervous systems, and reproduction.®’
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introduced into the water resources due to
industrial activities. The maximum permissible
level of this metal in drinking water according
to the US Environmental Protection Agency is
0.1 mg/L.® Like other heavy metals, lead also
has harmful effects on human health. Due to the
accumulation of this substance in the body,
diseases such as anemia, encephalopathy,
hepatitis, and nephrotic syndrome can
occur."”7?!% Hence, the removal of this metal
from industrial wastewater and water resources
is essential.

Different methods have been used to
remove lead and heavy metals from aqueous
solutions such as ion exchange, membrane
filtration,'!!  photoelectric ~ precipitation,'?
coagulation, chemical precipitation, and
adsorption in various studies.®!> Among these
methods, the adsorption process has special
advantages such as low cost, ease of use, easy
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operation, high flexibility, and insensitivity to
toxic contaminants.'*!> So far, many adsorbents
have been used to remove heavy metals.!®!”
But, some of these adsorbents have low surface
area and limited adsorption capacity, and
subsequently, low adsorption efficiency; many
nanosized adsorbents have been limited by some
problems such as filtration, centrifugation, and
occurrence of turbidity in the effluent.
Therefore, the use of adsorbents which show a
rapid and simple separation and do not cause
secondary pollution should be considered.
However, natural adsorbents are considered
very efficient. These adsorbents do not have the
disadvantages of the synthetic adsorbents, such
as high production cost and regeneration.'®
Alginate, a type of hydrogel, is one of the most
widely used adsorbents in the removal of
various contaminants due to its non-toxicity,
environmental friendliness, and low cost.!® The
adsorbent has hydroxyl groups (-OH), carboxyl
(-COOOH), (NHy"), and (OSO3) which convert
it into a suitable adsorbent for heavy metals.?’
However, this biopolymer requires
physicochemical = modification  due to
decomposition, swelling, and low mechanical
stability in water.!”?! In many publications,
siliceous and clay soils have been used to reduce
material swelling and improve its mechanical
stability.”!  Among the existing soils,
diatomite, which is a silicon sedimentary rock,
due to its physical and chemical properties such
as high porosity, high surface area, light weight,
and high adsorption properties has attracted
much attention in eliminating the defects of
hydrogels.?*>* Magnetic nanoparticles are the
other adsorbents used to remove heavy metals.?
These materials have a high surface area,
nanosize, and high performance, and their
synthesis requires low cost.!” The disadvantages
of these nanomaterials are their agglomeration
in aquatic environments (which reduces their
surface area),”®?” and entry into water resources
and their associated risks for human and
environmental health. To overcome these
problems, they can be combined in
heterogeneous systems coupled with hydrogel.'
Combining the nanomagnets with hydrogel
systems, in addition to eliminating the defects of
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the nanostructures, increases the hydrogel's
performance and the magnetic property of the
hydrogel in the composition and provides the
ability to separate the adsorbent from the
aqueous environments using an external
magnet.! However, the removal of Pb*" using
magnetic/biosilica/sodium alginate composites
as adsorbent has not been reported in the
literature. One of the advantages of
magnetic/biosilica/sodium alginate composites
is that it can be employed in situ, and thus, is
suitable for online separation. In this study, a
new compound absorbent sodium
alginate/diatomite/magnetic was used to remove
lead from aqueous solutions. The effect of the
different factors such as contact time, pH,
temperature, the initial concentration of lead,
and the adsorbent dosage on the efficiency of
removal of lead by the adsorbent was
investigated.

Materials and Methods
Chemicals

In this research, materials such as lead
nitrate, sodium hydroxide, hydrochloric acid,
acetic acid, ferric chloride 6 hydrate
(FeCl3.6H,0), iron sulfate 7 hydrate
(FeS04.7H20), sodium triphosphate, ammonia
solution, and sodium alginate were purchased
from Merck Co. (Germany), and diatomite was
obtained from Sigma Aldrich (USA). Ionized
water was used in all experiments for
solubilization. A stock solution of Pb*" (1000
mg/L) was prepared by dissolving the required
amount of lead nitrate (Pb(NOs3)) in distilled
water. Subsequently, the remaining Pb*
concentrations in the samples were evaluated
using atomic absorption spectrophotometry
(AAS, Analyst 200) at a wavelength of 283.3
nm. The lamp current and slit width was 13 mA
and 0.5 nm, respectively. All measurements
were performed in an air/acetylene flame.

Preparation of adsorbent

Preparation of magnetic nanoparticles
Coprecipitation method was used to make

magnetic nanoparticles. In this method,

FeS04.7H>O and FeCL3.6H.O (1:1) were

dissolved in 0.3 molar concentration in
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deionized water. The mixture was stirred under
nitrogen gas at 80 °C for 30 min. Then, the
ammonia mixture with a purity of 25% was
added at pH 10 and then again under nitrogen
gas for one hour. The magnetic nanoparticles
were separated from the reaction solution using
a magnet and washed several times using
ethanol and water. The dispersed nanoparticles
were dried at 70 °C for 24 hr.”8

Preparation of MBAS

To prepare the nanocomposite, first, 1 g of
sodium alginate was added to 100 mL of acetic
acid (1 M) solution and mixed for 2 hr. Then, 1
g of biosilica and 1 g of magnetic nanoparticles
were added to the solution and stirred to reach a
uniform viscosity mixture. The resulting
mixture was placed under completely residual
conditions for 10 hr to remove all the bubbles
from the solution and obtain a bubble-less
mixture. Then, 100 mL of the mixture in a ratio
of 4:1 of 15% NaOH and 95% ethanol was
prepared, and a viscose mixture of sodium
alginate/biosilica/magnetic alginate was added
to the mixture of NaOH and ethanol using a drop
of droplets and stored for 24 hr in the above
solution until pelletized beads were formed.
Then, the resulting beads were washed with
distilled water (until neutral pH was reached)
and dried at ambient temperature to reach a
constant weight. Finally, the dried mixture was
chopped and meshed using sieves.?

Characterizations and analysis

The surface morphology and elemental
composition of the MBSA were determined
using a scanning electron microscope (SEM,
Jeol Modellsm-T330) equipped with an X-ray
energy spectroscopy (EDX) under stable
vacuum. The Fourier Infrared Conversion
Facility (FTIR) (JASCO, FT / IR-6300Japan)
with a 1 cm™! diaphragm reflectance technique
in a range of 400—4000 cm to determine the
MBSA functional groups involved in the
adsorption process. An X-ray analysis (X-ray
diffraction) was performed on an XPERT-PRO
diffractometer using PW3050/60 (Theta/Theta)
Protractor to investigate the particle size and
structural properties. Diffraction images with a

2-degree angle 0 with a start and end position
were recorded at 10 and 80 degrees,
respectively, at a speed of one second. After
obtaining the corresponding images, the particle
size was calculated using the Debye-Scherrer
relation given in Equation 1:%
Ki
_ﬂcosf) (1)

Where K is a constant equal to 0.89, A is the
X-ray wavelength equal to 0.154056 nm, 3 is the
line broadening at half the maximum intensity
in radians, and 0 is the Bragg angle in degrees.
To determine the pH at the zero point charge
(pHzpc) of the adsorbent, 50 mL of NaCl
solution (0.01 M) was added to six Erlenmeyer
Flask of 100 mL volume, and its pH was
adjusted to between 2 and 12 (initial pH). Then,
0.5 g of the adsorbent was added to each of the
above solutions and placed on a shaker at 200
rpm for 24 hours. Next, the adsorbent was
separated from the solution, and the pH of the
solution (secondary pH) was measured. pHzpc
was obtained by plotting the initial pH versus
the secondary pH and their intersection.’!

Adsorption analysis

In this study, a batch system was used to
identify the effect of the different parameters
including contact time (0-80 min), initial
concentration of lead (10—-80 mg/L), pH (3—11),
temperature (298-318 °K), and adsorbent
dosage (0.5—4 g/l) on the adsorption of lead
using MBSA adsorbent. A 3 Tesla magnet was
used to remove the adsorbent from the solution.
The sorption experiments were conducted in
duplicates, and the average concentrations were
considered. The removal rate of lead was
calculated using Equation 2:

Removal rateZ% x100 (2)
Where Cin and Couw are the lead
concentrations before and after adsorption,
respectively. The uptake capacities of the
sorbent were computed by Equation 3.%2

oz CaCOV

m

3)
Where ge (mg/g) is the equilibrium uptake
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capacity of lead on the adsorbent, Co and C. is
the initial and equilibrium concentration of lead
( mg/L), respectively, m (g) is the adsorbent
mass, and V (L) is the volume of solution.

Adsorption isotherm

One of the most important ways to study
the interactive behavior, adsorption surface
properties and adsorption mechanisms, between
the adsorbent and adsorbed is to survey the
adsorption isotherm.**3* In this study, three
most commonly isotherm models, Langmuir,
Freundlich, and Dubinin- Radushkevich (D-R)
isotherm models, were used to study the
adsorption isotherm. The linear model of the
adsorption isotherm is given below.

Co C, | I
4, Op " bQ,, “)
The above equation, which is the Langmuir
model, has the following parameters: Ce (mg/L)
is the concentration of lead in solution at
equilibrium time, ge (mg/g) is the sorption
capacity at equilibrium time, b is the Langmuir
constant (L/mg), and Qm (mg/g) is the maximum
adsorption capacity. Qm and b are determined
from the gradient and intercept obtained by
plotting Ce/qe against Ce, respectively.>®> One of
the parameters of the Langmuir equation is the
separation coefficient (Rp). This coefficient
determines the type of adsorption process, and
its equation is as follows:

1
a+nc,) (5)

Where RL is the separation
coefficient, and Co 18 the initial
concentration (mg/L). If Rp = 0 is the
irreversible adsorption process, 0 <Ry <1 is
the  desirable  process, RL =1 linear
process, and Rr > 1 will be considered
undesirable process.*¢

The Freundlich model is based on single-
layer adsorption on heterogeneous adsorption
sites. It should be noted that this model is not
exclusive to single-layer adsorption and is also
used for multi-layer absorption.’’ The linear
model of the Freundlich isotherm model is given
by Equation 6.

RL=
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Ing,=In ket~ In C, (6)

In this equation, kr (L/g) and n are the
constants of the equation. Logxr is the intercept
of the Freundlich model, an index of adsorption
capacity, and 1/n, the slope of the Freundlich
model line, is an indicator of adsorption
intensity.*®

Isotherm (D-R) is used to determine the
thermodynamic properties of adsorption and is
based on heterogeneous surfaces.>” The linear
form of its equation is given in Equation 7.

Ing,=lnq, -p & (7)

Where B (kJ/mol) is a constant energy-
related parameter, and € (Polanyi potential) is
dependent on the equilibrium obtained by the
following equation.*

E=RTn [1+CL j (8)

In this relation, R (kJ/mol. K) is the gas
constant, and T is the temperature in °k. qm and
3 are calculated in Equation 7 through the
intercept and gradient of the In qe curve versus
€2. E (kJ/mol), the free energy of adsorption, is
calculated by Equation 9.

E=— 9)

The amount of E represents the type of
physical or chemical adsorption process. E < 8
kJ/mol and E > 16 kJ/mol indicate physical and
chemical adsorptions, respectively, and the E
value between 8 and 16 kJ/mol represents the
chemical ion exchange in the solution.*!

Adsorption kinetic

Pseudo-first-order, pseudo-second-order,
and intraparticle diffusion models were used to
investigate the mechanism of the process
controller and determine the rate of the
adsorption process. The pseudo-first-order
model is based on Equation 10:

ln(qe-ql)=ln q,k;t (10)

Where g (mg/g) and q: (mg/g) are the
amount of lead adsorbed on MBSA at
equilibrium time and time t, respectively. ki
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(L/min) is the rate constant of the pseudo-first-
order model. The values of g and K; are
obtained from the intercept and gradient of the
line from the drawing of In (qe-qy) versus t.** The
pseudo-second-order model is in accordance
with Equation 11:

1 t

+— (11)

t
q, k4’ q,

Where qe (mg/g) and q: (mg/g) are the same
parameters expressed in the pseudo-first-order
equation. ki (L/min), the constant rate of
pseudo-second-order model, and q¢ are obtained
through the gradient and intercept of the line
from drawing t/q: vs. t3! The mathematical
expression of the intraparticle diffusion kinetic
model is as follows:

(12)

Where Kiq (g/mg.min) is the rate constant
of the intraparticle diffusion model, C is the
constant of the intraparticle diffusion model in
mg/g, and q; is the adsorption capacity at time t.
By drawing qt against t*3, the values of kiq and
C are obtained from the intercept and slope of
the line, respectively.*?

qt:kidto'5+c

Effect of temperature and thermodynamic
studies

The adsorption of lead by MBAS was
specified in the temperature range 298-318 °K.
The thermodynamic parameters in this study
were calculated using Equations 13 and 14:

AG=-RTLnk (13)
_—r
K= c (14)
AG=AH-TAS (15)
_4s_an
Lnk="5.21 (16)
Where, k (L/g) is the standard

thermodynamic equilibrium constant, R (8.314
J/mol K) is the gas constant, and T (°K) is the
absolute temperature. The values of enthalpy
(AH kJ/mol) and entropy (ASJ/K mol) were
obtained from the intercept and slope of plotting
In k against 1/T in Equation 16, respectively.**

Results and Discussion
Characterization of the MBAS

The surface morphology of MBSA, sodium
alginate, biosilica, and magnetic as depicted by
the scanning electron microscopy is shown in
Fig. 1 (a), (b), (c), and (d), respectively. As
shown in the figure, the porosity of the image
(d) of the MBSA is much higher than the other
adsorbents shown. The elemental analysis of the
adsorbent composition presented in Fig. 2
shows the presence of iron, silica, sodium,
oxygen, and aluminum. Based on the results of
the elemental analysis of the adsorbent, it can be
concluded that the oxidation of iron

nanoparticles by acid used to prepare the
adsorbent is inhibited by silica.’’ Moreover,
these findings indicate the proper composition
of the materials used to make MBAS.

Fig. 1. SEM images of the (a) sodiumalginate, (b)
biosilica, (c) magnetic, (d) MBAS
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Fig. 2. SEM—-EDX analytical results of MBAS
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Fig. 3 displays the XRD pattern of MBSA,
nanomagnets, biosilica, and alginate. In the
magnetic pattern, the deflected peaks at the
angle 20 of 30.6, 36.04, 43.6, 54.2, 57.6, and
63.25 are related to the crystalline plates 220,
311,400,422, 511, and 440, respectively, which
correspond to the Fe3O4 cubic phase (JCPDS
card No. 19-0629).!7 Also, the peak mentioned
in the MBSA pattern indicates that Fe;Os is
present in the MBSA compound. As shown in
Fig. 3, the peaks obtained for biosilica are in
accordance with the pure silica phase (JCPDS
ICDD File Card # 00-001-0647) and are quite
obvious in the MBSA pattern.’’ The peaks
present at 13.5 ° and 22.1 ° are related to sodium
alginate, which is visible in the alginate pattern
and MBSA. The mentioned angles are due to the
reflection of the plates 110 and 200 that
correspond to polyguluronate and
polymannuronate units, respectively.*® As
shown in Fig. 3, the intensity and sharpness of
the peaks in the composite are reduced in
comparison with Fe3O4 and biosilica, which can
be related to their composition with alginate
because the alginates have an amorphous nature
and can affect the general pattern of MBSA.
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Fig. 3. XRD pattern of sodium alginate, biosilica,
magnetic, and MBAS

The FTIR spectrum of sodium alginate,
magnetic, biosilica, and MBSA before and after
lead adsorption is displayed in Fig. 4. The
hydroxyl and ester groups, carboxylic acid,
mannuronic acid, and uronic acid are seen in the
alginate spectrum.**’ The bands at 1626 and
1453 cm™! are related to the asymmetric and
symmetric stretching vibration of carboxylate
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anions (COO-), respectively. Because of the
polysaccharide property of the alginate, the peak
at 1093 cm™! (C-O-C asymmetric stretching)
and 866 and 906 cm ! (C-O-C symmetric
stretching) are also visible within the
corresponding spectrum.*® A strong and broad
band at 3442 cm ! that relates to the stretching
vibrations of the O-H groups and the peak at
2924.67 cm! that corresponds to a poorly
aliphatic bond of stretching vibration of the C-H
are seen in the alginate spectrum. In the biosilica
spectrum, peaks in the region of 3200-3700
cm ! represent the stretching vibration of Si-
OH. The band at 1630 represents the H-O-H
bond vibration; the bands at 1095, 793, and 472
cm ! are assigned to the stretching vibration of
the siloxane group (Si-O-Si).#>*" As it is known
in the magnetic spectrum, four major peaks are
noteworthy. The 3450 cm ! band, as previously
mentioned, refers to the stretching vibrations of
the OH groups and the peaks at 635, 582, and
474 cm™', all of which are related to the Fe-O
vibrating bonds.!”?® On comparing the two
peaks of the adsorbent before and after the
adsorption of lead, it can be seen that the peaks
located at regions 3422, 2924, 2366, 1627, 1453,
1093, 793, 635, and 474 cm! after the
adsorption of lead on the adsorbent are broad,
and the percentage of transfer to them declined,
which indicates the impact of the functional
groups associated with the situations mentioned
in the adsorption process.

o~V

Sodium Alginate

00

-

Wavenumber(cm-1)
Fig. 4. FTIR spectra of sodium alginate, biosilica,
magnetic, and MBAS

PHpzc of adsorbent and effect of pH
One of the important parameters that
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determine the mechanism of adsorption process
is the pHzpc of the adsorbent. Figure 5 (b) shows
the pHzpc of the MBAS. The pHzpc of the
adsorbent was 9.6, which causes the adsorption
surface to have a positive charge below this
value and a negative surface charge at higher
pH. This indicates a high dependence of the
adsorption capacity on the pH of the solution.>!
Fig. 5a shows the effect of the initial pH of the
solution on the removal of lead from the
aqueous solution. As can be seen, with the
increase in pH, the removal of lead increases.
The result is consistent with the results for
pHzpc because, as mentioned, it is expected that
to have a negative adsorbent surface charge at

(a) =—¢—pH=3 pH=5 pH=7
100 pH=0 =—pH=11
80

9
£ 60
=
z 40
£
[}
20
___—v/v
0

5 15 30 45 60 80

Contact Time (min)

pH values higher than 9.6, and since the charge
of lead is positive, it leads to better adsorption
of lead at higher levels onto the adsorbent
surface. Farooghi et al. found that the removal
percentage can be reduced by reducing the pH
in the presence of H' ions at low pH values
when these ions are in competition with lead
metal that has a positive charge on the
occupancy of the adsorbent active sites and
reduce the available sites for lead adsorption on
the adsorbent surface.?>> In the study done on
the removal of lead using iron oxide modified
with sericite alginate grains, with increasing pH,
the adsorption of lead increased.!

(b) 14
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Fig. 5. (a) The effect of solution pH on the adsorption of lead by the MBAS (lead solution = 10 mg/L min,
318 °K, and adsorbent conc. = 0.5 g/L) and (b) pHpc of the sorbent

Effect of initial concentration

The results of the lead adsorption
experiments at various initial concentrations of
lead are shown in Fig. 6. As shown in the figure,
on increasing the concentration of the pollutant
to 30 mg/L, the removal percentage increased
with a steep slope and then decreased with a less
steep slope. This was probably due to the
constant of the adsorbent active sites in a
constant dose of MBAS, so these sites occupied
by a certain concentration of the contaminant
and higher cannot adsorb on to the adsorbent.
Furthermore, the reason for the very low
reduction in the removal percentage at higher
concentrations can be attributed to the
desorption of the adsorbed metal into the
solution.>* Ghaemi et al. found that increasing
the initial concentration of lead reduced its
adsorption.” In a study on lead and copper

adsorption using sodium alginate, on increasing
the initial concentration of lead and copper until
a certain amount, the removal percent increased
and then remained constant.*
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Fig. 6. The effects of lead concentration on the adsorption
by MBAS (pH =11, 318 °K, and adsorbent conc.= 0.5 g/L)
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Effect of adsorbent dosage

The effect of the adsorbent on the removal
rate of lead was studied using different
adsorbent dosages (0.5-4 mg/L). Based on the
results shown in Fig. 7, lead removal increased
significantly with increase in the adsorbent
dosage. The percentage of lead removal with 0.5
g/L of adsorbent was 82% at 80 minutes while
this value was 92% at the same time for 4 g/L of
adsorbent dosage. When a solid surface of
adsorbent comes in contact with the noxious
metal ion, rapid removal of ions from the
aqueous solution  occurs.’®>’  Increasing
adsorption by increasing the amount of the
adsorbent is the result of an increase in effective
levels, functional groups, and sites available for
the adsorbent substance.’® Another reason for
the increased removal rate could be the increase
in the collision between the pollutant and
adsorbent molecules and, consequently, the
increase in the gradient concentration and mass
transfer.’® The results of this study are consistent
with the results of the study by Shi et al. and
Vijayalakshmi et al. on the removal of

chromium (I) using bentonite coated with
iron,®® and eliminating lead using nanocytosine
/sodium alginate/microcrystalline cellulose.®!
The resultant removal efficiency is in line with
that reported by Acharya et al. wherein the
removal efficiency ranged from 86.6% to 96%
when commercially activated carbon was
applied in the dosage range 1 to 5 mg/L,
respectively.®?

—8—05(g/ll) —A—1 (gL) —e—2 (gL) ——4 (g/L)

100
90
80
70
60
50
40
30
20
10

Removel Rate (%)

5 15 30 45 60 80
Contact time (min)
Fig. 7. Effect of adsorbent dosage on the sorption
capacity (lead concentration=10 mg/L, 318 °K, pH=11)

Tablel. Langmuir, Freundlich and D-R isotherm parameters for the adsorption of lead by MBAS

Langmuir isotherm

Freundlich isotherm

D-R isotherm

b Qnm E Jm
2 2 2
R mg mgy R Kr R (ujmol)  (mgle)
0.973 0.96 46.29 0.939 1.37 0.252 0.943 0.585 8.88
Effect of contact time given in Table (1). The most suitable isotherm

The effect of contact time on the amount of
lead adsorption is shown in Fig. 7. As shown in
the figure, the percentage of removal increased
with increasing contact time for all
concentrations. Between 5 to 15-minute time
ranges, the lead with a sharper slope was
eliminated from the reaction solution. At other
times, the removal percentage gradually
increased with a steady slope. In a study by
Kakavandi et al. (Pb (II) adsorption on a
magnetic composite of activated carbon and
superparamagnetic Fe3Os4 nanoparticles), the
authors concluded that with increasing contact
time, the removal efficiency increases.®

Adsorption isotherm
The parameters of the three isotherms used
in the lead adsorption process on MBSA are

s
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model in this study was the Langmuir isotherm
(R? = 0.97), which shows the adsorption of a
single-layer of lead in special homogeneous
locations on the adsorbent outer surface that
stopped after reaching the saturation state during
the equilibrium of the adsorption process.%>%*
Based on the amount of RL obtained in this
study (0.012), the adsorption process used was
desirable. The Langmuir isotherm is shown in
Fig. 6 (b). Various studies have also suggested
Langmuir isotherm as the most appropriate
isotherm model for adsorbing heavy metals
using various adsorbents.?”-%

Adsorption kinetic

The results of the analysis of the different
kinetic models of lead adsorption on MBSA are
presented in Table 2. As shown in the table, the



J Adv. Environ Health Res (2018) 6:160-172

168

intraparticle diffusion kinetic model is more
suitable for the adsorption process used in this
study (R?=0.993). In Fig. 7 (b), the intraparticle
diffusion kinetic model is shown. In addition,
the pseudo-first-order kinetic model with a
correlation coefficient of 0.992 can also be a
suitable model for the process. Also, the
calculated adsorption capacity (qe, calculated) in
the pseudo-first-order kinetic model is
approximately the same as the adsorption
capacity of the experiments (qe, experimental),
which is another reason for the suitability of this
model in the adsorption of lead on MBSA.
Based on the findings of the first-order kinetic
model, it can be stated that adsorption has only
occurred on topical sites, and the removal rate of
lead is proportional to the number of sites active
in the adsorbent, and the adsorption energy does

correlation coefficient obtained in this study, it
is argued that after adsorption of lead on the
adsorbent surface, its diffusion is carried out
into the porous adsorbent, and the adsorption
mechanism is complete.*? Since the correlation
coefficient obtained for the pseudo-second-
order model was close to the other two models,
it can be concluded that lead absorption also
partly confirms the chemical absorption
mechanism. Woo et al. found that the pseudo-
first-order kinetic model is a suitable model for
chromium adsorption on iron sulfide
nanoparticles coated on the surface of sodium
alginate.®® Vorma et al. reported the proper
model in the glycine-induced adsorption process
of magnetic nanoparticles coated on sodium
alginate to be pseudo-second-order; however,
they considered two first-order kinetic models

not depend on surface coating.” With respect to and intraparticle diffusion model weakly
the intraparticle diffusion theory and the high involved in the adsorption kinetic.'”
Table 2. Parameters of various kinetic models for the adsorption of lead by MBAS
Pseudo-first order Pseudo-second order Intra-particle diffusion
) 2 (e, Calculated 2 (e, Calculated 2
(e, Experimental R k1 (mg /g) R ko (mg /g) R C k
11.36 10.83 0.029 0.992 14.7 0.002 0.981 1.37 0.979 0.993

Effect of temperature and thermodynamic
studies

The thermodynamic parameters of lead
adsorption on MBAS are listed in Table 3. As
represented in Table 3, the values of AH and AS
were positive, and the standard free energy (AG)
was negative. The positive AH value indicates
that the sorption process was endothermic. In
other words, the positivity of this parameter

states that the increase in temperature has a
positive effect on the adsorption of lead and, the
adsorption of this pollutant at higher
temperatures is more favorable. Furthermore,
the negative values obtained for Gibbs free
energy indicate that the adsorption of lead by the
synthesized adsorbent is a spontaneous
process.®’

Table 3. Thermodynamic parameters for the adsorption of lead ion on MBAS

Thermodynamic parameters

Temperature ('K) InKp AG° (kJ/mol) AH° (kJ/mol) AS° (kJ/mol.K)
298 1.81 -4.490
308 2.05 -5.185 107.163 0.2628
318 3.19 -8.323
Conclusion elimination, such as the initial pH, adsorbent
In this study, a new dosage, initial lead concentration, and contact

magnetic/biosilica/sodium alginate adsorbent
made using the coprecipitation method was used
to remove lead from aqueous solutions. The
effect of the different parameters on lead

time, were investigated. The results of this study
showed that the most suitable pH for the
removal of lead from the reaction solution was
11, and by increasing the adsorbent dosage and

N\
)

Z_\MUK-JAEHR



169

Hosseini et al.

reducing the initial pollutant concentration, the
removal rate could be increased. The achieved
equilibrium time in this study was 80 minutes,
with a maximum adsorption capacity of 46.27
mg/g. The kinetic model of intraparticle
diffusion model and Langmuir isotherm were
the most suitable kinetic and isotherm models to
describe the speed and mechanism of the
adsorption process. Thermodynamic studies
were also conducted, and the outcomes
suggested the spontaneous and endothermic
nature of Pb (II) ions sorption on MBSA. It
seems that the magnetization of adsorbents and
use of magnetic separation techniques can be an
effective way to resolve the problems associated
with separation and filtration. It can be
concluded that magnetic/biosilica/sodium
alginate composites can be applied as an
efficient adsorbent for removing Pb?" from the
aqueous environment of the industrial
processes.
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