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characterized as nano-adsorbent for dye removal from colored wastewater.

The nanocomposite structure was characterized by Fourier transform
infrared spectra and scanning electron microscope. The ability of adsorption silica
aerogels-egg shell nanocomposite for removal of basic violet 16 dye from aqueous
solutions was studied using batch adsorption system and compared with two other
adsorbents such as egg shell and silica aerogels. The results showed that
adsorption power of basic violet 16 dye increased by silica aerogels-egg shell
nanocomposite. The adsorbents were evaluated for removal of dye under different
pH values, temperatures, adsorbent dosages and contact times. The optimum pH
for dye removal by nanocomposite was 8, while the optimum pH for the two other
adsorbents of basic violet 16 was about 12. The optimum temperature and
adsorbent dosage for dye removal was 35°C and 5g/L, respectively. Eventually, the
equilibrium was achieved for the dye removal after 90 min of contact time. In
order to better understand the adsorption process, the experimental data were
analyzed with Langmuir and Freundlich isotherm models and it was discerned that
synthesized adsorbents were well fitted by Freundlich equation. Prog. Color
Colorants Coat. 9 (2016), 1-16 © Institute for Color Science and Technology.

I n the current study, silica aerogel-eggshell was synthesized and

1. Introduction

Water pollution as a result of dyeing industry effluents

varieties [1]. A wide variety of organic pollutants

is a reason for serious concern because the dyes
undergo chemical changes and may be more toxic and
carcinogenic ~ under  environmental  conditions.
Today,more than ten thousand dyes are produced

annually which can be of many different structural

*Corresponding author: olya-me@icrc.ac.ir

introduced into the natural water are caused by
different sources such as textile industries, paper and
pulp industries, dye and dye intermediates industries,
pharmaceutical industries, tannery, and Kraft bleaching
industries [2]. Of the main sources with severe



Madadi et al

pollution problems are the textile industry and its dye-
containing wastewaters [3]. Approximately 10-25% of
textile dyes are lost during the dyeing process, and 2-
20% is discharged as effluent in the environment.
There are several different kinds of dyes, such as
reactive azo dye, metal complex, and cationic and
anionic dyes [4]. Basic Violet 16 (BV 16) is a cationic
dye, highly water soluble and nonvolatile which is
widely used in textile, bullpen, preparing carbon paper,
leather industries, stamp pad inks and paints. However,
it should be eliminated from industrial wastewaters due
to its damages on skin, eyes, and gastrointestinal,
respiratory tract [5]. The methods used to remove
compound dyes are chemical precipitation [6], ion-
exchange mechanism [7], and reverse osmosis [8],
electro chemical reduction membrane processes [9] and
adsorption technique [10]. The adsorption process is an
effective method applied in industries for removal
pollution [11]. Different materials have been used to
remove dyes from waste waters such as bioflocculants
[12], bone powder [13], rice hull ash [14], activated
carbon [15], and silica gel [16]. Nowadays new
adsorbents with high specific surface areas, high
adsorption capacity and economic materials are still
needed. Pore size, pore distribution and surface areas
are the key factors in the adsorption process [17]. Silica
aerogels convene all these conditions as they are
extremely porous and consisted of more than 96
percent air [18]. An aerogel is synthesized by the “sol-
gel process”. During this process, organic compounds
containing silica undergo a chemical reaction
producing silicon oxide (SiO;), [19]. Finally, gel is
dried by ambient pressure drying technique so that the
solvent is extracted from the gel body leaving the
silicon oxide network filled with air [20].

The large surface areas and great pore volumes of
eggshell enable it to adsorb efficiently many kinds of
pollutants [21]. Despite this, eggshell does not have

appropriate functional groups for adsorbing dye
compounds frugally [22]. To overcome this limitation,
many methods have been introduced for modifying the
eggshell surface using chemical/physical treatment
[23].

In the current study, we have prepared a novel
nanocomposite of silica aerogel-eggshell with sol-gel
process at ambient pressure drying method [24]. The
adsorbent structure was characterized by Fourier
transform infrared spectrum (FT-IR) and scanning
electron microscopy (SEM). In this research, a new
adsorbent was synthesized by combining two separate
adsorbents and used for the removal of Basic BV16
dye from aqueous solutions. Adsorption isotherms on
the adsorption of BV16 were evaluated in a batch
system. The effects of the BV16 ions concentration,
pH, temperature and adsorbent dosage were also
studied to determine the optimal adsorption conditions.

2. Experimental
2.1. Materials and Methodes

The reagents applied in the present study were of
analytical grade, obtained from Merck.
Tetraethylorthosilicate (TEOS), Trimethoxy-
methylsilane (TMMS), Ethanol 25 wt. % and NH4F
used in this study were obtained from Merck.
Deionized water of high purity (from a Millipore
ultrapure water system) was exploited as well. Basic
Violet 16 (BV16) dye was obtained from Alvan Sabet
Co. (Hamedan, Iran) and used without additional
purification. Acetic acid and sodium hydroxide were
used for pH adjustment (4-13). The dye concentration
of the BV16 ion solutions was determined by double
Agilent  spectrophotometer (Cary 100  Bio,
Technologies). The chemical structure of this cationic
dye is presented in Table 1. The pH of the solution was
measured by a Honba-F12.

Table 1: The chemical properties of BV16.

Chemical formula C3H2CLN,

Molecular mass (g.mol™)
C.I. number

Water solubility(20°C)

A max(nm)

Prog. Color Colorants Coat. 9 (2016), 1-16
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2.2. Preparation of adsorbent
2.2.1. Preparation of eggshell

The egg shells were gathered from a candy store,
carefully washed and rinsed with distilled water for the
preparation of the egg shell [25]. It was dried at 80°C
for 10 h. The dried shells were ground by ball mill and
passed through what man cellulose filter papers. The
required particle size was <0.450 pm.

2.2.2. Preparation of nanocomposite

The silica gel-eggshell nanocomposite was synthesized
by mixing TEOS, TMMS, Ethanol, NH,F [26] and egg
shell. In order to get the best acrogels in terms of low
density and high hydrophobicity, the molar ratio of
TEOS: TMMS: Ethanol: NHF was 1:0.31:33:3.6,
respectively. Silica wet gel was prepared with TEOS as
the starting material. The TEOS was diluted with
Ethanol and then TMMS and NHF solution were
added to the mixture by stirring at 1500 rpm for 30
min. After wards, the eggshell was added to the blend
using a homogenizer. After gelation, the gel was left
for 24h. The hydrogel was immersed into Ethanol and
remained for 5 days at room temperature in order to
strengthen its network. Finally, the wet gels were dried
at 40°C, 60°C, 80°C, 100°C, 150°C and 200°C in an
oven. To protect gel from temperature shock and
shrinkage, temperature was increased slowly until the
desired temperature was reached [24].

2.3. Adsorbent characterization

The textural properties of the samples were studied by
infrared spectroscopy measurements (FT-IR, Perkin-
Elmer, spectrum 100). The surface area and porosity of
the prepared adsorbents were observed with scanning
electron microscopy (SEM-EDX, XL30 and Philips
Nederland).

2.4. Adsorption experiments

The adsorption of BV16 dye by three adsorbents
including silica acrogel, eggshell and silica aerogel-
eggshell nanocomposite was studied by the batch
technique. The batch method adsorption was selected
due to its simplicity. The pH of the dye solution was
adjusted to 4.0-13.0 using a buffer. The mixing time
was 3h and all experiments were done at room
temperature.  After

reaching equilibrium, the

suspensions were centrifuged at 3000 rpm for 20min.

Finally, the solution was collected and analyzed dye
concentration by UV-Vis spectrometry. The influence
of several parameters such as contact time, pH, the
amount of adsorbent and temperature on the adsorption
process was also studied. The results of these studies
were used to find the optimum adsorption capacity
measurements.

The percentage of dye adsorbed on the adsorbent
was calculated using Eq. (1).

E (%) = (Co—C.) x 100/ C, (1)

Where E is dye ion removal in %, C, initial dye
concentration and Ce equilibrium concentration of test
solution.

The amount of BV16 dye adsorbed on the three
adsorbents at equilibrium was obtained using the
following equation:

_ (C=Celv

e =~ @)

where q. is the amount of dye adsorbed at
equilibrium (mol.g™"), V is the volume of the solution
(L), m is the mass of the adsorbent (g), C, and Ce are
the initial and equilibrium concentrations of the dye,
respectively, computed from the calibration curve.
Adsorption isotherms were considered by mixing 0.1 g
of adsorbents in the flasks containing 20 mL of
different initial BV16 dye ion concentrations for 3 h.
The initial pH was adjusted to 12.0 and 8.0 for BV16
dye ions. Two isotherm equations have been
investigated in the current study: Freundlich and
Langmuir.

3. Results and discussion

3.1. Properties of nanocomposite silica aerogel-
eggshell

3.1.1. The Microstructure of the adsorbents

The morphology of the three adsorbents was examined
by scanning electron microscope (SEM) and presented
in Figure 1. Sample (A) shows the porous network
structure of silica aerogels. The particles size is about
68 nm. Sample (B) shows the porous network structure
of eggshell and its particle size was about 300 nm.
Sample (C) exhibits a porous network structure similar
to sample (A) but the particles are smaller. It is obvious

Prog. Color Colorants Coat. 9 (2016), 1-16
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that sample (C) has the best network structure for the
study of the absorption process.

3.1.2. FT-IR Spectrum of the adsorbents

In Figure 2a, the FT-IR investigation of silica aerogel
nanocomposite is shown in comparison with pure silica
aerogel. The peak obtained for SA samples appeared at
2982 cm™ due to C—H group which cannot be observed
in nanocomposite sample. The broad absorption band
in the region at 3448cm™ and the band at 1638 cm™ on
both graphs correspond to O—H stretching. The small
peak in the SA sample at the region of 943 cm™ is
assignable to Si—~OH bonds.

Peaks at 1048cm™ and 840cm™ also correspond to

Mag = 21.00 KX

B

Signal A = SE1

Institute of Color Science & Technology

the Si—O-Si stretching on both graphs. It should be
notified that the peaks generally seem wider in the
absence of CaCOs. This indicates that the presence of
Ca®" effects on the behavior of the surface Si-OH
Monfared groups [27]. These FT-IR results suggest
that the Ca>" atoms are not covalently bonded to silicon
in the silica aerogel network. The proposed mechanism
for the combination of silica aerogel with CaCO; of
eggshell is presented in Figure 3. After adsorption
process, the FT-IR spectrum of adsorbents can be seen
from Figure 2b. On both graphs, the peaks at around
3200 and 770cm™ are related to the stretching and
of C=C-H in aromatic

bending bonds ring,

respectively.

Mag= 21.00 KX
Institute of Color Science & Technology

EHT=1000kV WD= 8mm Signal A = SE1

EHT=1000kv WD= 8mm

®)

b . -
Mag= 21.00KX  SignalA=SE1
Institute of Color Science & Technology

©

Figure 1: The SEM images of samples (A): silica aerogel (B), eggshell and nanocomposite (C).

Prog. Color Colorants Coat. 9 (2016), 1-16
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Figure 2a: FT-IR absorption spectra of silica aerogel (A)and nanocomposite silica aerogel-egg shell (B) before

adsorption process.
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Figure 2b: FT-IR absorption spectra of silica aerogel (C) and nanocomposite silica aerogel-egg shell (D) after adsorption

process.
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Figure 3: The proposed mechanism for the combination of silica aerogel with CaCOs.

3.2. Effect of pH

The pH of the solution plays an important role in
adsorption process as the creating positive or negative
The
experiments were carried out with the pH of 4-13, and

charge on the adsorbent surface [27, 28].

its effect on the adsorption of dye ions by the three
adsorbents (silica aerogel, eggshell and composite) is
shown in Figure 4. The results show that the adsorption
capacity of the adsorbents was increased at the pH of
12 for silica aerogel and eggshell and at pH of 8 for
nanocomposite. At low pH values, the contest between
ions of dey and protons resulted in weak adsorption of
dye by silica aerogel and eggshell. More adsorption of
dye took place at pH>10.The surface of the adsorbents
is surrounded with dye ions in competition with OH
ions in the alkaline environment. By increasing the pH
value, the silica aerogel structure remained stable but
the eggshell converted to the network structure of
Ca(OH),. So the dye ions ecasily trapped by the
[29]. The of
nanocomposite reduced at pH of 10 because its

adsorbents adsorption  capacity
structure was destroyed at high pH. However, the
optimum pH for nanocomposite was considered in the

ranges of 6 to 10.

3.3. The effect of initial concentration
Figure 5 indicates the effect of initial dye concentration
on the adsorption capacity of three adsorbents. The

increase of initial concentration of dye ions in the range
of 5 to 50 mg/L causes the reduction of the removal
yield. At low initial concentration, enough adsorption
sites are available for adsorption. In other words, the
sites of adsorbents

available reduce at higher

concentrations of the adsorbate [28].

3.4. The effect of adsorbent dose

To investigate the effect of different adsorbent dose for
removal of BV16, several values of adsorbents were
used in the range of 2-6g/L. The results in Figure 6
show the increasing of BV16 removal percentage by
increasing the dose of adsorbent from 2 to 5g/L and
was stabilized at a greater amount. This phenomenon is
attributed to an increase in the number of adsorption
site's availability and larger surface area of adsorbents
versus constant rate of pollutant concentration [30].

3.5. The effect of contact time

The contact time was evaluated from the range of 30 to
210 min. Results in Figure 7 shows that the removal
value of BV16 dye increases by increasing the contact
time from 30 to 90 min. After 90 min, the amount of
dye removal from the solution is slightly increased.
The results can be attributed to the reduction of the
amount of dye interferes with active sites on the
adsorbents surface [13].

Prog. Color Colorants Coat. 9 (2016), 1-16
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Figure 4. Removal percentage of BV16 ions at different pH values. Conditions: 0.1 g adsorbent, 20 ml of 10 mg/L of
cadmium ions, contact time of 3h.
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Figure 5: Effect of initial concentration on the removal yield of BV16; contact time = 3 h; adsorbent dose = 0.1, pH = 12
for silica aerogel and egg shell and 8 for nanocomposite.
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Figure 6: Effect of adsorbent dose on the removal yield of BV16; initial concentration=10mg/L; contact time=3h; pH=12
for silica aerogel and egg shell and 8 for nanocomposite.
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Figure 7: The effect of contact time on the removal yield of BV16; initial concentration=10mg/L; contact time=3h; pH=12
for silica aerogel and egg shell and 8 for nanocomposite.
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3.6. The effect of temperature on adsorption

In order to appraise the influence of temperature on dye
adsorption, the experiments were carried out at 25-65°C.
From Figure 8 it can be deduced that the removal percent
was decreased at temperatures higher than 35°C. In this
case, the severe molecular movement leads to the release
of dye as far as temperature is increased from 35 to 65°C
[31].

3.7. Adsorption isotherms

Equilibrium isotherms are examined for the design of
any adsorption process. Adsorption isotherm study is
performed with the comparative adsorption of BV16 on
three adsorbents at different temperatures (25, 35, 45
and 65°C). The adsorption isotherms can be studied by
two models: Langmuir and Freundlich [32].

120

3.7.1 Langmuir Isotherm

The Langmuir adsorption model assumes monolayer
adsorption on a homogeneous adsorbent, where all the
sorption sites are indicative interaction with the
adsorbed ion. There is no interaction between the
adsorbed ions and sorption sites. The homogencous
Langmuir adsorption isotherm model is demonstrated
by the following equation [32].

qe:(qmax I<L Ce)/(1+KL Ce) (3)

where qge is the adsorbed amount of the dye at
(mol.g™h, the
concentration of the dye in solution (mol.dm™), qumax is

equilibrium Ce is equilibrium
the maximum adsorption capacity (mol.g™") and K is
the constant related to the free energy of adsorption
(dm’.mol™). These constants can be determined from

the linear plot of C. /q. versus C, (Figure 9).
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Figure 8: Effect of temperature on the removal yield of BV16; initial concentration=10 mg/L; contact time=3h; pH=12 for
silica aerogel and egg shell and 8 for nanocomposite.
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Figure 9: Langmuir plot showing the linear dependencies of Ce¢/ge 0n Ce.

3.7.2 Freundlich Isotherm

The Freundlich Isotherm is a model investigating
heterogeneous adsorption on the adsorbent surface. The
Freundlich isotherm is expressed by equation (4) [32].

qe: KF Ce ln (4)

Where Ky is the Freundlich constant (L.mg™"), and n
is the adsorption intensity. The linear graph of
Freundlich isotherm models of BV16 adsorption was
depicted in Figure 10. The slope and intercept are
obtained from the plot of Log q. against Log C.. The
adsorption isotherm results for the BV16 dye were
matched with Freundlich isotherms,
determined by the correlation coefficients (R,).

which were

3.8. Kinetic study
The effective factors on the reaction rates for the

adsorption of BV16 on adsorbents were studied by
adsorption kinetic experiments. Adsorption kinetics
also describes how fast or slow the chemical reaction
occurs. Two kinetic models (i.e. pseudo-first order and
pseudo-second-order models) were tested with suitable
adsorption kinetics data [33].

3.8.1 Pseudo-first-order model
The pseudo-first order rate explanation is generally
proposed by equation (5).

In (qe—q0) = In gkt %)

where k; is the pseudo-first-order rate constant
(min™), q. and qt are the amount of dye adsorbed at
equilibrium and time t (mol.g™), respectively. The plot
of In (qe- q;) versus t as shown in Figure 11 gave the
slope k; and the intercept Inq..

Prog. Color Colorants Coat. 9 (2016), 1-16
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Figurel0: Freundlich plot showing the linear dependences of log ge on log Ce.

3.8.2 Pseudo-second-order model
The pseudo-second-order model is expressed by the
following equation:

t/qe=1/koqs” + 1/ qe t (6)

Where k, is the rate constant of pseudo-second-
order adsorption mechanism (g.mol”.min™). As given
in Figure 12, the plot of t/q, versus t shows a linear
relevance, according to which the q. and k, are
calculated. The adsorption results
calculated using Eqs. (5) and (6) as shown in Table 2.

kinetic were

It implies that BV16 adsorption is well explained by
the pseudo second order kinetic model.

Prog. Color Colorants Coat. 9 (2016), 1-16

3.8. Desorption studies

Desorption studies help to explain the mechanism and
recovery of the adsorbent. The adsorption of dye was
investigated at different pH values 4, 12. The percent
of dye desorption was 81.8% at pH=4 for BV16 dye.
The percent of dye desorption was decreased with

increasing pH. A negatively charged site on the

adsorbent prevents desorption of dye captions. At pH
4, significantly high electrostatic repulsion exists
between the positive charged surface of the adsorbent
and cationic dye [34]. For desorption experiment, the
adsorbents were washed with deionized water. The
desorption of BV16 was then performed by putting the
silica aerogel-eggshell nanoparticles into methanol
solution containing 0—5% acetic acid [35].



Synthesis, Characterization and Application of Silica Aerogel-Eggshell...

1 -
0.5 4
0 T T T T T T
30 60 90 120 150 180
-0.5 A
P~ -1 4 y =-0.0081x - 0.733
E;’ R2=10.6973
g 15
o
£ 2
25 -
3 - _
y =-0.0305x - 0.085
R2=0.9507
35 -
-4 -
y =-0.0298x - 0.305
45 1 R2 = 0.9748
-5 - T(min)
g eqg shell === silica aerogel composite silica aerogel egg shell

Figure 11: Pseudo-first order plot of BV16 adsorption.

Table 2: Kinetic parameters for pseudo-first order and pseudo-second order models of BV16 adsorption using three

adsorbents.
K 0.008 0.03 0.029
Qe cal 1.076 1.08 1.35
Pseudo-first order model
e exp 1.37 1.78 1.97
R, 0.697 0.95 0.974
K, 0.02 0.036 0.029
Qe cal 1.51 1.86 2.16
Pseudo-second order model
e exp 1.37 1.78 1.97
R, 0.938 0.977 0.997
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Figure 12: Pseudo-second order plot of BV16 adsorption.

4. Conclusions

The silica aerogel- eggshell nanocomposite has been
carefully synthesized at room temperature by sol-gel
procedure. Three adsorbents named silica aerogel,
eggshell and nanocomposite silica aerogel-eggshell
have been tested for the removal of basic violet 16
from aqueous solutions in batch system. The structure
of adsorbents was characterized by Fourier transform
spectra (FT-IR) and
microscope (SEM). The BV16 adsorption capacity was

infrared scanning electron
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