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Abstract:

The development of a new, cheap, efficient, and ecofriendly adsorbents has become an important

demand for the treatment of waste water, so nano silica is considered a good choice. A sample of nanosilica
(NS) was prepared from sodium silicate as precursor and the nonionic surfactant Tween 20 as a template.
The prepared sample was characterized using various characterization techniques such as FT-IR, AFM, SEM
and EDX analysis. The spectrum of FTIR confirms the presence of silica in the sample, while SEM analysis
of sample shows nanostructures with pore ranging (2-100nm).
The adsorptive properties of this sample were studied by removing Congo red dye (CR) from aqueous
solution. Batch experimental methods were carried out at room temperature (25°C) to study the different
variables which affect the adsorption process like: NS amount, initial concentration of CR, and contact time.
The results were 0.2 g of NS/50 ml of dye solution and 60 min contact time to reach equilibrium. The
experimental results at equilibrium were analyzed using Langmuir and Freundlich adsorption isotherms and
showed the best fitted with Freundlich model which reveal heterogeneity of the surface of NS adsorbent.
Kinetics aspects were also investigated by evaluating parameters from pseudo- first and pseudo-second order
reaction equations on adsorption rate which show good fitting with both kinetics equations, but pseudo-
second order equation was the best to describe the kinetics parameters.
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Introduction:

Nanotechnology refers to materials which Contamination of water resources to dye pollutants
have dimensions less than 100 nm. This technology is considered as an environmental important
has rapidly improved with the development of  problem. Thousands of types of dyes have been
industrial, commercial and agricultural fields as used in various fields such as the textiles, paper,
well as with the improvement in the pharmaceutical printing, paints, plastics, cosmetics and leather
and medicine science. industries, and food technology industries (6).
Nanosilica, a new product of nanotechnology, is  These dyes are carcinogenic in nature and
one of the pozzolanic materials which have high contaminate the surface and ground water, thereby,
surface area and low density. Recently, researchers making it unfit for irrigation and drinking.
have paid a great attention to this type of materials Many treatment techniques have been used for
because it is easy to prepare, has low toxicity, and removing dyes from aqueous solution like
can be used in a wide range of applications such as: photodegradation (7) membrane filtration (8), ion
an additive for plastic and rubber, in modified exchange (9), electrochemical and adsorption

magnetic materials, removal of pollutants, oil processes (10). Due to its high efficiency, low cost
recovery, cement enforcement and many other and simple to operate, adsorption is considered an
applications (1-5). attractive treatment to remove dyes from water.

Nanotechnology is preferred in the area of water  An acidic dye Congo red (CR) is an azo dye, high
purification because it offers the possibility of an soluble in water and organic solvents forming
efficient method for water treatment and removal of ~ aggregations like micelles. High stability of its
pollutants and germs  from  wastewater. chemical structure, Fig. 1, makes it difficult to
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biodegrade and photodegrade and hence many
organisms were affected by carcinogenic properties
and chemical toxicity of this dye. CR dye is used in

textile and paper industry due to its ability to
change color and high affinity toward cellulose
fibers (11).
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Figurel. Chemical formula of CR Dye

Although many treatment processes were
adopted to remove Congo red from solutions, few
studies have used cheap, clean, and ecofriendly
adsorbents such nanosilica . Farias et al. (12)
investigated the recovering of Congo red dye from
aqueous solution using amino-functionalized silica
gel as an adsorbent. Their data of equilibrium
adsorption were analyzed using many adsorption
isotherms, but Langmuir isotherms show the best
fitting, while Kinetic data will give good fitting
with  pseudo-second order. The effect of
temperature on adsorption process also strongly
influences the adsorption of CR dye onto amino-
functionalized silica. Jiajin and coworkers (13)
synthesized the composite of ZnO/SiO, nanosphere
to study its ability for removing Congo red dye
from wastewater solution. The adsorption kinetic
data fitted well with the Pseudo-second-order rate
equation and equilibrium data was described by
Langmuir adsorption isotherm which gives the best
correlation coefficients.

In this work, a new sample of nanosilica
was prepared, characterized and utilized to study the
effective behavior of adsorption of Congo red dye
from aqueous solution. Different variables such as
nanosilica dosage, contact time and effect of initial
concentration of CR dye were examined to achieve
the best conditions of the adsorption process.

Materials and Methods:

Materials

Sodium silicate (14% NaOH, 27%SiO;) was
purchased from local market, Tween 20 was
supplied by Sigma Chemical Co. Congo red dye
(C32H22N5Na20582) MW = 696.67 g molfl and HCI
(36%) were supplied by BDH Chemicals LTD.

Instrumentals
Fourier Transform Infrared Spectrophotometer (FT-
IR) : SHIMADZU (IR-PRESTIGE 21).
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Scanning electron microscope (SEM) : Bruker Nano
GmbH, Germany.

Atomic Force Microscopy (AFM) SPM-AA 3000,
Advanced Angestrum Inc., USA.

Synthesis Procedure of nanosilica

The preparation of nanosilica has been
performed using the following procedure: 1g of
Tween 20 surfactant was dissolved in 25 mL of
deionized water mix with the solution of 1g of
sodium silicate also dissolved in 25 mL of
deionized water. To the resulting mixture, 15 mL of
(36%) HCI was added drop by drop until reaching
pH 5. The white precipitate was formed
spontaneously and then it was recovered by
filtration, washed, aging for three days, dried at
100°C and finally the sample was calcined at 600°C
to remove the remaining surfactant.
Adsorption Procedure

Series of Cong red dye concentrations (5-50
mg/L) were prepared from stock solution (1000
ppm) and the calibration curve was established at A
max = 497 nm. Adsorption experiments were
duplicated and carried out by taking 50 mL from
each concentration of Congo red (5-40 mg/L) in 250
mL conical flask with 0.2 g of nanosilica and placed
in a thermostatic shaker water bath (Julabo SW23)
at 25°C. Every 10 min interval, 5mL from each
flask was withdrawn and filtered to measure the
absorbance of dye at the maximum wavelength
497nm. The average of the results was taken to
calculate the concentration of Congo red in all
experiments. The amount of dye adsorbed at
equilibrium g. (mg/g) was determined according to

the following equation:
_ (Co—Ca)V

= 1)
e - (
Where C, and C, are the concentration of Congo red
(mg/L) at initial and at equilibrium stage

respectively, V is the volume of solution (L), w is
the weight of nanosilica (g).
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Results and Discussion:
Characterization of Nanosilica Sample

The sample of prepared nanosilica which
shows band at 3425 cm™ represents stretching
vibrations of adsorbed water and potentially surface
hydroxyl groups. The band at 1631 cm™ is assigned
to O-H bending vibrations of the adsorbed water
molecules as shown in Fig.2. Typical strong
absorption bands for anti symmetric and symmetric
Si-O-Si stretching vibrations are centered at 1080
and 806 cm™ respectively. The presence of band at
455 cm™' is assigned to symmetric Si-O-Si
vibrations. The band at 952 cm™ corresponds to Si-
OH stretching vibrations of the surface silanols,
which are the characteristics of silica (14).
Elemental analysis of the surface of the nanosilica
was adopted using dispersive X-ray spectroscopy
EDX associated with electron microscopy to study
the microscopic morphological characteristics and
elemental composition of the sample. The result of
EDX analysis Fig.3 confirms the presence of
oxygen, silicon and small amount of carbon and

of silicon. It can be confirmed from EDX analysis
that the sample contains more than 99% purity of
silica with free silicon.

The surface microstructure of nanosilica was
studied with scanning electron microscope (SEM)
which provides the information about the size and
shape of the particle and pore. The SEM
photographs of nanosilica are shown in Fig. 4 and
reveal that the sample consists of small and big
grain. However, the sample prepared with Tween
20 show nanostructures with deep pores ranging
from (2-100nm).

Atomic force microscopy (AFM) was
utilized to confirm the surface morphology and to
determine the particle size of the prepared sample.
The image of AFM analysis is shown in Fig. 5, so
the diameter of the particles was in the range of (20-
120 nm) and the average particle size was 88.41
nm. We can conclude that a high regularity of the
surface of sample reflects real surface organization
characteristic of this sample (15).

shows that the precipitated silica contains 66.3wt %
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Figure2. FT-IR of Nanosilica sample
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Figure3. EDX pattern of nanosilica sample
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Figure5. AFM images and granularity cumulating distribution of nanosilica.

Adsorption Study
Effect of Nanosilica dosage

In order to study the effect of adsorbent
dosage on adsorption process, different amount of
nanosilica (0.05, 0.1, 0.15, 0.2 and 0.25 g) per 50
mL of solution were examined at 25°C and 25mg/L
as initial concentration of dye. The percentage
removal of CR dye was calculated according the
following equation:

Co — C,

% Removal =

0
Figure 6 shows the results of dye removal and

reveals that the amount of Congo red adsorbed
increased with increasing the adsorbent dosage and
reached a maximum value at 0.2 g /50 ml of
solution. When the dosage was 0.25 g of nanosilica,
decreasing in the percentage removal of CR was
noticed. This is may be due to increase the
adsorption sites which leads to the unsaturation of
these sites during adsorption process (16).
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Figure 6. Effect of NS dosage on adsorption of
CR dye

Effect of contact time and initial concentration
on the adsorption process

The effect of contact time was studied at 25
°C using range of initial concentration of CR dye
(5-40) mg/L in different time periods. From Fig.7 it
can be seen that the removal was increased rapidly
during the first hour of adsorption process, and then
it slows down with the increase in contact time. The
time necessary to reach the equilibrium for the
removal of the Congo red molecules at different
concentrations by nanosilica was established to be
60 min.
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Figure 7. Effect of contact time and initial
concentration on removal of CR dye

Also, the effect of initial concentration of CR dye
(5-40 mg/L) was shown in Fig. 7 and revealed that
the amount adsorbed of CR increases with
increasing initial concentration, so the removal of
CR depends on the concentration of the dye. At low
concentration, the active adsorption sites are
relatively high so CR dye molecules can easily find
the accessible adsorption sites, but at higher
concentrations the available site of adsorption
decreased with more time. In addition, at high
concentration CR dye molecules have the ability to
aggregate in agueous media under different shapes
and sizes (17). These aggregations may be
preventing easily accessible of CR dye molecules in
vacant sites of adsorbent.

Adsorption Isotherms of Process

Adsorption isotherms describe the
mechanisms, surface properties and the affinity of
adsorbent towards adsorbate. Figure 8 represents
the relation between the concentration of dye at
equilibrium (C,) and the amount of dye adsorbed at
equilibrium (ge). The graph shows that the isotherm
is of S type according to Giles classification (18)
which indicates high affinity of NS to adsorb CR
dye. Sharp rise increasing in the plateau was noticed
as the concentration of CR increased until reaching
maximum capacity at high concentration of CR dye.
This is due to strong self-assembly tendency of CR
dye molecules which lead to difficulty in access
empty sites on the surface of NS.
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Figure 8. Adsorption isotherm of Congo red on
Nanosilica

Adsorption experimental data must be fitted
into an appropriate isotherm model. Thus, the most
widely known, Langmuir and Freundlich isotherms,
were used to evaluate the relationship between the
amount of dye adsorbed and the remained
concentration of dye at equilibrium.

Langmuir isotherm (19) assumes homogeneous
monolayer adsorption on the surface of adsorbent
which contains finite number of sites, so no further
adsorption may take place on these sites, the linear
form of Langmuir equation can be written as
follow:

C. 1 C.

0 KL-Q°+ 0o v (3)

Where, Q° (mg/g) and K. (L/mg) are the
Langmuir constants. Q° is the maximum adsorption
capacity and K, is the constant related to the energy
adsorption constant. The Langmuir constants Q°
and K_ were determined from the slope and
interception when C./g. was plotted linearly against
C.. Figure 9 represents applying of Langmuir
isotherm equation on experimental results of
adsorption of CR dye on NS adsorbent.

0.2 -
y = 0.003x +0.1142
0.175 1 R? = 0.8098 V'S
0.15 -
L
s L 2
3 0125 s
0.1 -
0.075 . . . . . .
0 3 6 9 12 15 18
Ce (mg/L)

Figure 9. Langmuir Isotherm of Adsorption of
CR dye on NS adsorbent.
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Freundlich isotherm (20) model is derived from
Langmuir isotherm and assumes a heterogeneous
surface of adsorption capacity and can be applied to
multilayer adsorption process and is given by:

1
Ing, =InK; + - InC, ... ... ....(4)

Where, K¢ is the Freundlich constant correspond to
adsorption capacity (mg/L); n is a dimensionless
constant related to the intensity of adsorption. The
value of n reflects the degree of nonlinearity
between adsorption process and concentration of
dye. Values of K¢ and n respectively are obtained
from intercept and slope of the linear plot of Inge
versus In C.as in Fig. 10.

have been used to study the adsorption Kkinetic
behavior of Congo red (25 mg/l) onto nanosilica at
25°C. The best fit model was selected based on the
linear regression correlation coefficient values (R?).
The linear form of the pseudo-first order kinetic
model of (23) can be expressed as follows:

log(qe — q¢) = logq. —(k,/2.303) t (5)
where k; is the rate constant of the pseudo-first
order kinetics (min™), . is the amount of CR
adsorbed on the surface of NS at equilibrium, g; is
the amount of CR adsorbed on the surface of NS at
any time. The g. and k; are calculated from the
intercept and the slope of plots of log (qe - q¢) Vs t,
respectively. The result of such plot is illustrated in
Fig. 11.
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Figure 10. Freundlich isotherm of adsorption of
CR dye on NS adsorbent.

From the results presented in Table 1, it is
clear that the R? (regression coefficients) value of
Freundlich isotherm (0.9904) was greater than that
estimated from Langmuir (0.898) which reveals the
well fitness of adsorption isotherm with Freundlich
equation. Value of n is 1.15 indicates positive
cooperatively in binding and a heterogeneous nature
of adsorption. Also, the value of maximum
monolayer capacity (Q°) estimated from Langmuir
equation was higher comparison with many studies
which were used nanomaterials as adsorbents (21,
22).

Table 1. Equilibrium adsorption parameters for
Langmuir and Freundlich isotherm

Estimated values of Estimated values of
Langmuir equation Freundlich equation

R Q° K. R? Ks n
(mg/g)  (Lmg™) (Lmg™)
0.898 3333 0.026 09904 92 115

Kinetics of Adsorption

Many kinetics models were applied to study
the mechanism of dye adsorption process on the
surface of adsorbents. The most widely used kinetic
models are Lagergren-first-order equation, and
pseudo-second-order equation. These equations
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Figure 11. Pseudo first order plot of kinetics
adsorption of CR dye on NS

The linear form of the pseudo-second order Kinetic
model (24) is given as follows:
t_1 + (l) t (6)

q  kaqi  \qe
where K, is the rate constant of the pseudo-second
order kinetics (g mg™ min™). k, and g. are calculated
from the intercept and the slope of plots of t/q;
against t, respectively as shown in Fig. 12.
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Figure 12. Pseudo second order plot of kinetics
adsorption of CR dye on NS

From the Kinetics parameters in Table 2, the
values of correlation coefficients (R? of the two
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equation(0.9946 for first order and 0.9972 for
second order) are closely even the value of R? of
pseudo second order equation is slightly higher.
This means that pseudo second order Kkinetics
equation gave well-fitting with adsorption kinetics
data.

Table 2. Kinetics parameters of adsorption of
CR dye on NS adsorbent

Kinetics R k Qe (mylg)
equations
Pseudo First 0.9946 43x 107 26.34
order (min)
Pseudo 0.9972 45x10™ 90.9
Second order (gmg™
min?)

Conclusions:

Cheap and ecofriendly sample of nanosilica
shows good affinity for removing pollutant dyes
from wastewater. Congo red dye as adsorbate
material proves the high adsorptive efficiency of the
prepared sample of nano silica. The different factors
studied to get optimum conditions of adsorption CR
dye on NS surface to reach equilibrium reveal
highly efficient of NS as adsorbent. The best fitting
of equilibrium parameters to Freundlich model
indicates positive cooperatively in binding and a
heterogeneous nature of adsorption. According to
their correlation coefficient, both kinetics equations
(pseudo first and pseudo second order reaction) fit
well with the results of kinetics adsorption data but
the results are followed by second order more than
first order equation.
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