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Abstract: In this study, preparation of polyaniline (PAni) and its nanocomposite containing nanosilica (NS) was discussed, and
their capability to removal of reactive orange 16 (RO16) from aqueous solution was studied. Polyaniline (PAni) synthesized
chemically in the presence of potassium iodate (KIO3) as an oxidant and coated on nanosilica. The removal of RO16 was
investigated using PAni, and PANi/NS nanocomposite, respectively. The products were investigated in terms of morphology
and chemical structure with scanning electron microscopy (SEM), and Fourier-transform infrared spectroscopy (FTIR),
respectively. Batch studies were performed to evaluate the influence of various experimental parameters like pH, adsorbent
dosage and contact time. Optimum conditions for RO16 removal were found to be pH 2, adsorbent dosage of 0.8 g/L,
equilibrium time 150 min. For determining the type of adsorption isotherm, Langmuir and Freundlich adsorption isotherms
were used. The results revealed that Langmuir isotherm adequately met the experimental requirements. According to the
Langmuir model, polyaniline/silica nano composite sorbents exhibited the highest RO 16 dye adsorption capacity of 60.98 mg
g"'. Thermodynamic parameters such as changes in Gibbs free energy (AG®), enthalpy (AH°) and entropy (AS°) were
calculated. The negative values of AG® and the positive value of AH® (24.49 KJ/mol) and AS° (97.11 J/mol K) show that the RO
16 adsorption on polyaniline/silica nanocomposite was a spontaneous and endothermic process.
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Introduction

Dyes are widely used in various fields of industrial into the environment. There are several methods for
applications such as textile and their discharge into removing dyes and other color contaminants: aerobic/
water causes environmental pollution [1]. Among all anaerobic biological degradation, chemical

forms of dyes, azoic dyes which are complex aromatic coagulation, membrane filtration,  flocculation,
structures resist highly to biodegradation [2]. Reactive photochemical degradation and chemical oxidation.
Orange 16 is a water-soluble azo dye which is difficult These methods are not economical and none of them
to be removed from waste water. The treatment of dye- are able to totally remove dyes from waste water [3-6].
contaminated wastewater is one of the most serious Among these methods, adsorption has now become
environmental problems faced by the textile. To popular because of its easy operations and low running
minimize the risk of pollution generated by such costs [7, 8]. Several adsorbents have been developed
effluent, this effluent must be treated before discharged for the purification of waste water including zeolite
(synthesized from coal fly ash) [9], SBA-15/poly
*Corresponding author. Tel: (+98) 9112160238, Fax: (+98) pyrrole nanocomposite [10], poly aniline/Activated
11 32535104, E-mail: tayebi_h@yahoo.com carbon composite [11]. PAni, as one of the most

potentially useful conducting polymers, has recently
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received considerable attention, because of the low cost
of its monomer [11-14]. PAni is a poly aromatic amine
that can be easily synthesized chemically from
bronsted acidic aqueous solutions [11, 14-17].
Chemical polymerization of aniline in aqueous acidic
solutions can be performed through using oxidizing
agents such as KIO;. Nano materials represent
remarkable advantages due to their unique properties.
In recent years, using nanoparticles in many fields,
such as in protein separation [18-20], removal of metal
ions and dyes [21-23], biotechnology and biomedicine
has had many pros because of their unique properties
including the large surface area and small diffusion
resistance  [24-29]. In this article, PAni/NS
nanocomposite is synthesized, characterized and
applied to study adsorption capacity of RO 16 from
aqueous solution by achieving optimum experimental
conditions.

Results and discussion

Surface morphology:

The morphology of Nano silica before and after
coating with PAni is illustrated in Figures 1a and 1b.
The coating with conducting polymer produced by
surface polymerization is very visible. The coating of
Nano silica has always been found to be uniform by
visual inspection.
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Figure 1: SEM image of (a) NS and (b) PANi/NS.
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Fourier transform infrared spectroscopy (FTIR):

The structure of obtained product was determined by
FTIR spectrum. The FTIR spectroscopy has provided
valuable information regarding the formation of
polyaniline nanocomposite. FTIR analysis has been
done to identify the characteristic peaks of product.
FTIR spectra in the 4000400 cm™' region, as can be
seen in Figure 2, PAni shows the presence of
characteristic absorption bands at 1560 cm™' (C=C
stretching vibration of the quinoid ring), 1500 cm™
(stretching vibration of C=C of the benzenoid ring),
1308 cm™' (C-N stretching vibration), 1124 cm™' (C-H
in-plane deformation) and 860 cm™' (C—H out of-plane
deformation) [30]. The peak at 1642 cm™' is attributed
to the bending vibration of the O-H bonds in adsorbed
water molecule on the surface of nanosilica. The peak
at 1124 cm' is assigned to Si-O-Si asymmetric
stretching vibration and the band at 800 cm™ is due to
the symmetric stretching vibration of the Si-O-Si bond.
The peak appeared at 500 cm™' is related to bending
vibration peak of the Si-O-Si bond [31].
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Figure 2: FTIR pattern of PANi/NS nanocomposite.
Effect of pH:

The pH value of the aqueous solution is an important
controlling parameter in the adsorption process. These
pH values affect the surface charge of adsorbent during
adsorption. In order to evaluate the influence of this
parameter on the adsorption, the experiments were
carried out at different initial pH ranging from 2 to 12.
The experiment was performed by PAni and PANi/NS
nano composite, with an initial concentration of
20mg/l, at room temperature with contact time of 120
min. The results are shown in Figure 3. Removal of RO
16 increases with decreasing pH and a maximum value
was reached at an equilibrium pH of around 2, as can
be seen in Figure 3. This happened because in acidic
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environments, the amino groups of Polymer
Polyaniline (-NH,) are protonated in the presence of
the released H* Protons in the environment; therefore,
the adsorption of RO 16, which has a negative charge,
increases. With protonation of the adsorption surface,
the tendency of RO 16 to the adsorption surface
increases. In comparison with the adsorption of
Polyaniline, Polyaniline composite adsorbs more dye
because of the tiny size of the NS nanoparticles (about
80 nm). With the placement of Polymer nanoparticles
of Polyaniline on the composite, more amino groups of
Polyaniline were available. Thus, more dye was
adsorbed on the composite.
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Figure 3: The effect of pH on the removal efficiency with:
PANI/NS, PAni (The initial concentration, contact time,
volume of solution and amount of adsorbent was 20 mg/L,
120 min, 100 mL and 0.1 g, respectively).

Influence of sorbent dosage:

The removal percentage of RO 16 was studied by
varying the adsorbent (PAni and PAnNi/NS) dose
between 100 and 1000 mg/L at dye concentration of 20
mg/L. Results are presented in Figure 4.The RO 16
removal efficiency increases up to an optimum dosage
beyond which the removal efficiency does not
significantly change. This result was anticipated
because for a fixed initial solute concentration,
increasing adsorbent doses provides greater surface
area and more adsorption sites, whereas the adsorbed
RO 16 quantity per unit weight of the sorbent
decreased by increasing the adsorbent quantity. At very
low adsorbent concentration, the absorbent surfaces
become saturated with the dye and the residual dye
concentration in the solution was high.

Effect of contact time:

Figure 5 shows the effect of contact time on sorption
of RO 16 by PAni and PANi/NS. For these cases, initial
dye concentration was 20 mg/L and pH of 2 was used
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for dye solution. Also PAni and PANi/NS dose of 0.1 g
in 100 mL were used. For dye sorption rate reaches up
to 80 and 94 by PAni and PANI/NS, respectively, when
contact time was 150 min, and then little change of
sorption rate was observed. This result revealed that
adsorption of RO 16 was fast at first (until 200 min)
and the equilibrium was achieved after 150 min of
contact time. Taking into account these results, a
contact time of 150 min was chosen for further
experiments.
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Figure 4: The effect of adsorbent dosage on the removal
efficiency with: PANi/NS and PAni (the initial concentration,
pH, contact time and volume of solution was 20 mg/L, 2,
120 min and 100 mL, respectively).
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Figure 5: The effect of contact time on the removal
efficiency with: PAni/NS and PAni (the initial concentration,
pH, volume of solution and amount of adsorbent was 20
mg/L, 2, 100 mL and 0.1 g, respectively).

Adsorption Isotherms:

Appropriate correlations in the equilibrium data have
fundamental importance in the design of an adsorption
system for removing dyes. In the present study, three
isotherm models have been tested for treatments of the
equilibrium adsorption data.
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Langmuir Isotherm Model:

Langmuir theory was based on the assumption that
the uptake of adsorbate occurs on a homogeneous
surface by monolayer adsorption and adsorption energy
is constant in this model. The theory can be represented
by the following equation:

g, = ImkLCe
g 1+kpc,

1)

Where ¢, is the quantity of dye adsorbed (mg/g) at
equilibrium, C, is the equilibrium dye concentrations in
residual dyeing bath (mg/l) and k. (I/mg) and qgn
(mg/g) are the Langmuir constants. Table 1 shows that
the Langmuir isotherm model could be linearized to at
least four different types [32]. The Langmuir constants
k., and gn, values can be calculated from the plot
between C./g. versus C., 1/q. versus 1/C., Q. versus
qe/C., and q./C. versus g. for type 1, type 2, type 3, and
type 4 Langmuir isotherms, respectively.

Table 2 shows the predicted isotherm constants (k.
and qy,) and the corresponding R? values. The isotherm
parameters obtained from the four linearized Langmuir

Table 1: Langmuir isotherm and its linear forms.
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isotherms were different. Type 1 Langmuir isotherm
(Figure 6) was found to be the best fitting linearized
Langmuir expression with coefficient of determination
of approximately 1. Therefore, the results were taken
from Langmuir equation type 1. Correlation
coefficients are near to 1 which means that
experimental data fitted in this model well.

Essential characteristics of the Langmuir type
adsorption process can be classified by a term “R,”, a
dimensionless constant separation factor. The R, value
indicates the favorability and the shape of the
isotherms as follows:

1
=945 0,

)

R_ is a dimensionless constant separation factor, C,
is the initial concentration of dye solution (mg/L), and
k. is the Langmuir constant (L/mg), the parameter R,
indicates the shape of the isotherm accordingly. Table
2 depicts the values of R,.. The magnitude of the
exponent RL gives an indication of the favorability of
adsorption. According to Table 3, Values of 0<R <1
represent favorable adsorption conditions.

Longmuir Isotherm Linear form Plot
c., 1 1
Typel —=—0xcC, Ce/Qe vs. Ce
= Qm kL Qe
q.k,c 1 1
Type2 Q. = —m Lre — = + 1/qevs. 1/C,
1+ kice Oe qumce qum
Qs
Type 3 Qo= Qg — k;_ c. Qe VS. e/Ce
Qe
Type4 C_ - k!_ Qm — kI_ e 0e/Ce VS. Qe
e
Table 2: Calculated Langmuir isotherm parameters by different linear method.
Langmuir Adsorption isotherm Typel Type2 Type3 Type4
Om 60.98 72.432 59.47 58.24
K 0.097 0.080 0.093 0.078
R? 0.996 0.962 0.912 0.912
R. 0.094 0.134 0.117 0.123
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Figure 6: Langmuir sorption isotherm of RO 16 onto PANi/NS.

Table 3: Values of separation factor RL.

0 %0 6 M
G

Value of R Type of isotherm
R >1 Unfavorable
R =1 Linier
R =0 Irreversible
0<R <1 Favorable
adsorption intensity. Freundlich model can be

Freundlich Isotherm Model:

The Freundlich isotherm model equation deals with
physicochemical adsorption on heterogeneous surface
at sites with different energy of adsorption and with
non-identical adsorption sites that are not always
available [32]. Mathematically, it is characterized by
the heterogeneity factor‘1/n’.

He = kFcaljn
®3)

Where Kg is the Freundlich constant and n is the
heterogeneity factor. The Kg value is related to the
adsorption capacity, while 1/n value is related to the

represented by the linear form as follows:

Lng, =Ln kp + 1/, Lnc,
(4)

Therefore, KF and 1/n can be determined from the
linear plot of Ing. against InC,. The K¢ and n values are
listed in Table 4. Correlation coefficient is below 0.95
suggesting that experimental data is not fitted to this
model. The value of correlation coefficient is lower
than the other three isotherms values. The Freundlich
isotherm (Figure 7) represents the poorer fit of
experimental data than the other isotherms.

Table 4: Calculated different isotherm parameters by linear method.

Langmuir Isotherm Model

Freundlich Isotherm Model

Om KL Re R

Ke n R?

60.98 0.097 0.094

0.996

9.45 3.11 0.8864
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Figure 7: Freundlich sorption isotherm of RO 16 onto
PANIi/NS

Adsorption Mechanism:

By considering the adsorption of RO 16 onto the
surface of PAni/ NS, different mechanisms may be
involved such as ionic attraction between anionic
sulphonate group(s) of dissolved dye molecules and the
cationic amino groups of protonated PAni/ NS. The
possible mechanisms of the adsorption process of
PAnNi/ NS and RO 16 is discussed: In aqueous solution,
the RO 16 is first dissolved and the sulphonate groups
of RO 16 (D-SO3Na) is dissociated and converted to
anionic dye ions.

Dye —soawaﬂ Dye — 507 + Na*

Also, in the presence of H*, the amino groups of
polyaniline (-NH,) are protonated.

PAni — NH, + H* - PAni— NH;
The adsorption process then proceeds due to the
electrostatic attraction between these two counter ions:

PAni — NH;* + Dye — 50, — PAni — NH;* ™05 — Dye
Thermodynamic parameters:

The Gibbs free energy changes (AG®) were
determined by using following equation (5):

-AG° =
(®)

Where, R is the gas constant, T is the absolute
temperature (K), and K is the partition ratio. The
values of partition ratio (K) and Gibbs free energy
change (AG®) are presented in Table 6. The negative
Values of Gibbs free energy change (AG®) confirm that
the adsorption of RO 16 onto PAni/ NS is spontaneous
and thermodynamically favorable. The more negative
values of AG® imply that the greater driving force is
required for the adsorption process. As the temperature

RTLnk
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increases, the AG® values decrease, indicating less
driving force and hence resulting in lesser adsorption
capacity at higher temperatures. Standard enthalpy
(AH®) and entropy (AS°) were determined from the
Van’t Hoff equation [32]:

Lnk = 45 _ A8

R AT
(6)

AH°® and AS° were obtained from the slope and
intercept of the plot of Ink against 1/T, as shown in
Figure 8. The values of AH® and AS °are listed in Table
5. The value of AH® is positive, indicating that the
adsorption process is endothermic in nature.

Table 5: Thermodynamic Parameters (AH®, AG®°, AS°) for
the Adsorption of RO 16 on PAni/ NS

Temper K AGK/  AHKY  AS°U R
ature (°C) mol) mol) /mol K) 2
9.
25 16 -5.49
35 L ea 24.49 o711 O
2.24 ’ ' ' 994
1
45 6.32 -7.38
3.5
3
—
25 [ S
: e
2 - v=-2046x+ 11.68
g . R2=0.994
l L
0.5
0

0.31 0.315 0.32 0.325 0.33 0.335 0.34
LT *100

Figure 8: Van’t Hoff plot for calculated thermodynamic
parameter.

Conclusion

According to this study, polyaniline/NS nano
composite is an effective adsorbent for the removal of
Reactive Orange 16 dye from aqueous solution. The
maximum removal was observed at a sorbent dose of
0.08 g, contact time of 150 min and pH 2. The
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equilibrium adsorption was best fitted with the
Langmuir isotherm. The maximum dye adsorption
capacity of PAni/NS nano composite obtained from the
Langmuir model at 25 °C was 60.98 mg g™. Based on
the results obtained from thermodynamic parameters
such as enthalpy change (AH®), entropy change (AS°)
and changes in the Gibbs free energy (AG°), it was
revealed that the adsorption process was endothermic,
feasible and spontaneous.

Experimental

Materials and equipment:

All chemicals used in this study were analytical
reagents grade and prepared in distilled water. Aniline
was obtained from Merck and distilled before use. As
shown in Figure 9, PAni contain y-reduced (benzenoid
diamine) and (1-y) oxidized repeat groups (quinoid
diamine) and n is the degree of polymerization.
Tetraethoxysilane (TEOS), Hexadecyl Trimethyl
Ammonium Bromide (CTAB), acetone, sulfuric acid,
hydrochloric acid and sodium hydroxide were used
without further purification processes. All of these
materials were supplied from Merck. Reactive orange
16 was purchased from Dystar (Figure 10 & Table 6).
This dye shows an intense absorption peak in the
visible region at 390nm. This wavelength corresponds
to the maximum adsorption peak of the Reactive

Table 6: Characteristics of RO16.
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orange 16 (A max=390). Other equipment were UV—
Vis spectrophotometer (Jenway model 6505), pH meter
(Jenway model 3510), Scanning electronic microscope
(LEO 440i, Leo Electron Microscopy, Cambridge,
England), Transmission electronic microscope (Philips,
CM/20, Netherlands). Fourier transform infrared (FT-
IR) spectrometer (Shimadzu model 4100, Japan)
andshaker bath equipped with thermostat (SDL-
D403/1-3) operated at 100 rpm.

H H —
KOO~
Y 1-Y
n

Figure 9: Structure of polyaniline (PANi) in various
oxidation states.

0 0
Figure 10: The chemical structure of RO16.

name CAS number C.1. number

Formula

Molecular weight A max

Reactive orange 12225-83-1 17754

16

CaoH17N3Nay041S3

617.54 g/mol 390

Preparation of Nano size SiO,:

Tetraethoxysilane (TEOS) as a precursor was used.
To fasten the hydrolysis reaction, ammonia as the
catalytic systems was added [33]. After hydrolysis,
nanoparticles of silica were formed. In order to control
the size of nanospheres by adjusting the feed rate of
raw materials a droplet generator was used. So,
uniform spheres were produced while stirring the
solution with a rapid stirring motor. The sample was
centrifuged and washed and then kept on room
temperature for a day. Afterwards they were dried in
110°C for 24 hours.

Preparation of PAni/NS nanocomposite:

1743

For preparation of PANi/NS nanocomposite, 1 g
KIO; was added to 100 mL sulfuric acid (1 M) and
then a uniform solution was resulted by using magnetic
mixer. After 10 min, 1 g NS and 0.2 g CTAB were
added to the solution and after 20 min, 1 mL fresh
distilled aniline monomer was added to the stirred
solution. The reaction was carried out for 5 h at room
temperature. PANi/NS nanocomposite particles were
separated from the reaction media and rinsed several
times with deionized water and acetone and dried at 60
‘C temperature in an oven for 24 h and stored in a
desiccator for subsequent use.

Batch adsorption experiment:

Batch experiments were conducted to investigate the
parametric effects of adsorbent dose, adsorption time
and pH for RO16 adsorption on the PANI/NS
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nanocomposite. RO16 samples were prepared by
dissolving a known quantity of dye in distilled water
and used as a stock solution and diluted to the required
initial concentration.100 ml of RO16 solution of
known concentration (Co) was taken in a 250 ml
conical flask with a required amount of adsorbent and
was shacked for different time duration in a shaker at
different pH and Temperature. At the end of the
process, the adsorbent was separated by centrifuging at
4000 rpm in 20 min. The amount of RO 16 in the
solution before and after adsorption process was
measured by UV-Vis spectrophotometer (Jenway
model 6505).

The quantity of dye adsorbed on nylon6 samples at
equilibrium were calculated using the following Eqg.

@
_ [G— 0V
£ W
()

Where, ¢, is the quantity of dye adsorbed on
adsorbent (mg/g) at equilibrium, C, and C. are the
initial and equilibrium dye concentrations (mg/l),
respectively. V is the volume of dye bath (I) and W is
the weight of adsorbent (PANI/NS) (g).
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