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ABSTRACT: The adsorption—desorption characteristics of Acid Red G (ARG) on the polypyrrole-modified TiO, (PPy/TiO,) composite
as a novel adsorbent was investigated. PPy/TiO, was synthesized via the in-situ polymerization of pyrrole monomer in the prepared
TiO, sol solution. Results from X-ray diffraction and Fourier transform infrared spectra indicated the formation of the PPy/TiO, com-
posite. The adsorption experiments showed that the modification of PPy substantially improved the adsorption and regeneration abil-
ities of PPy/TiO,. The adsorption equilibrium was achieved in a short time of 20 min, and the adsorption kinetics followed the pseudo-
second-order model. The Langmuir adsorption isotherm was found for PPy/TiO,, with the maximum adsorption capacity of 179.21
mg/g. The regeneration experiments showed that PPy/TiO, could be successfully regenerated by simple alkali-acid treatment. The
adsorption efficiency of the regenerated PPy/TiO, adsorbent for ARG was still greater than 90% after regeneration for 10 times. Addi-
tionally, the adsorption efficiency of PPy/TiO, for the ARG effluent was still higher than 78% after adsorption—desorption for four
times. It is expected that the PPy/TiO, composite can be considered as a stable adsorbent for the removal of dye. © 2012 Wiley Periodicals,

Inc. J. Appl. Polym. Sci. 000: 000-000, 2012
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INTRODUCTION

The printing and dyeing industries yield a large amount of dye
wastewater with high color intensity and complex components,
which can cause serious water pollution if directly discharged
into the environment without appropriate treatment. Dense
color can absorb and reflect the sunlight entering water, and
consequently interfere with the biological process in water
bodies, followed by a water deteriorating matter.'™ Therefore, it
is important to remove dyes from dye wastewater.

Recently, various treatment processes have been widely
employed to remove dyes from wastewater.* The chemical pro-
cess may lead to a satisfactory result, but some dye wastewater
features low concentration and large amount, which renders the
chemical process low efficiency and high cost. Therefore, it is
essential for dye wastewater to be concentrated before other
methods proceed. Adsorption has been proved to be a reliable
treatment approach owing to its low capital investment, abun-
dant raw material source, simplicity of design and operation,

and insensitivity to toxic substances.” However, the choice of
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appropriate adsorbent for real applications is quite a challenging
issue. Many potential adsorbents have been tested for dye waste-
water treatment, including polymer,' activated carbon,®” clay
and clay minerals,® chitosan,” metal oxides,'’ and biomass;'"'*
some of them exhibit excellent adsorption properties. Neverthe-
less, the regeneration of adsorbents without losing adsorption
ability is still a great challenge. Although several regeneration
methods have been used to regenerate activated carbon, some
of them are still deficient, such as carbon loss, low regeneration

efficiency, costly operation and immature technology.'”™"

Semiconducting titanium dioxide (TiO,) material has been used
in various applications, including solar cells, luminescent mate-
rials, photocatalysts, biomaterials, memory devices and adsorb-
ent materials, due to its low cost, simple preparation, good sta-
bility, nontoxic nature, and photodegradation ability.'® Up to
now, most of the previous studies have mainly focused on the
photocatalytic properties of TiO,, while the investigation on the
adsorption property of TiO, is comparatively rare. Actually,
TiO, can serve as an ideal adsorbent, because the insolubility
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and the point of zero charge (pH,,.) at neutral pH value make
it possible to study its adsorption capacity over a broad range
of pH.'” Moreover, the hydroxyl and carboxyl groups which
present on the surface of TiO, can interact with the pollutant
molecules, thereby realizing the adsorption of the pollutants.'®"”
Recently, some publications have focused on the adsorption of
organic dyes with TiO,, such as Acid Orange 7, Methyl Orange,
Reactive Red 195, Reactive Red 198, Direct Green 99, Reactive
Black and so on;'®'*™** however, not all of them can be effec-
tively adsorbed on the surface of TiO,. Moreover, the studies on
the regeneration of TiO, are extremely rare, which might be
due to the sharp decrease of the adsorption capacity of the
regenerated TiO,. For instance, Asuha et al.'” reported that the
adsorption capacities of the regenerated TiO, for Cr(VI) and
Methyl Orange were only ca. 50% and 20% of the original val-
ues, respectively.

Therefore, the improvement in the adsorption and regeneration
capacities through modification with other substances is highly
desired. Since the OH groups in TiO, do not fully contribute to
the ion exchange process, the modification of other substances
might combine with partial OH groups without decreasing its
adsorption capacity.”® Polypyrrole (PPy) has been used as sensi-
tizer for TiO, in many studies because of its high thermal sta-
bility and non-toxicity.>* In fact, it was recognized that PPy also
has the adsorption ability through ion exchange or electrostatic
interaction, largely owing to the existence of positively charged
nitrogen atoms in PPy matrix.>>*° Moreover, PPy can undergo
protonation or deprotonation reactions when it is immersed in
alkali or acid solution, resulting in the change of its surface
charges, followed by doping or dedoping of counter ions.**’!
The capability of reversible transformation of PPy makes it pos-
sible that the ions could be adsorbed on or desorbed from PPy,
i.e, it will have an excellent adsorption—desorption property.
Therefore, PPy can be considered as a potential modification
material of TiO, to improve its adsorption and regeneration
abilities.

Herein, we synthesized PPy-modified TiO, (PPy/TiO,) compos-
ite adsorbent through the chemical oxidation of pyrrole in the
prepared TiO, sol solution, and investigated its adsorption and
regeneration properties for azo dye, Acid Red G (ARG). Our
study found out that the PPy/TiO, composite adsorbent exhib-
ited excellent adsorption and regeneration properties, even after
several adsorption—desorption cycles. Furthermore, compared
with some other adsorbents, the novel PPy/TiO, composite ad-
sorbent exhibited a fast kinetics and could reach the adsorption
equilibrium in a very short time.

EXPERIMENTAL

Materials

Pyrrole (98%, Qingquan Pharmaceutical & Chemical, Zhejiang,
China) was distilled twice under reduced pressure, and then
refrigerated and stored in the dark under nitrogen. Acid Red G
(ARG) was commercial grade and purified before used.
FeCl;-6H,O, HNO; (65-68%), NaOH, NaCl, n-propanol
(99.9%) and tetrabutyl titanate (Ti(OC4Ho)4, 98%) were of ana-
lytical reagent grades and used without further purification. The
real effluent used in our study was derived from the printing
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and dyeing factory in Xi’an (pH = 3.4), and its colority was rel-
atively low. The deionized water used for all the experiments
was obtained by an EPED-40TF Superpure Water System
(EPED, China).

Synthesis of Adsorbents

PPy/TiO, was prepared by the chemical oxidative polymeriza-
tion of pyrrole monomer in the prepared TiO, sol solution.
The TiO, sol solution was prepared by sol-gel hydrolysis, and
the process was described as follows. First, a mixture of 20 mL
Ti(OC,4Hy), and 8 mL n-propanol was added dropwise into 400
mL HNO; solution (pH 0.8, 65°C) with magnetic stirring.
Then, a uniform and transparent sol solution was formed, fol-
lowed by cooling down to room temperature with continuously
stirring. Afterwards, the sol solution was transferred to a 500-
mL three-neck round bottom flask and cooled to 0-5°C with
mechanical stirring. Then pyrrole (0.25 mL) monomer was
added to the sol and stirred for 30 min, followed by adding 10
mL FeCl; (1.0 mol/L) solution dropwise under mechanical stir-
ring for 1 h. Then the mixed solution was reacted for an addi-
tional 24 h at 0-5°C statically. Finally, the PPy/TiO, composite
was centrifuged at 4500 rpm for 10 min and washed with deion-
ized water, and then dried at ambient temperature for 48 h.

For comparison, the pure TiO, was prepared by adding 10 mL
NaOH solution (1.0 mol/L) into the as-prepared TiO, sol, and
then washed with plenty of deionized water and finally dried at
ambient temperature for 48 h.

Characterization

XRD diffraction of the samples was obtained from an X'Pert
PRO MRD Diffractometer using Cu-Ka radiation. FTIR spectra
of samples were measured by the KBr pellet method on a
BRUKER TENSOR 37 FT-IR spectrophotometer in the range of
4000-400 cm~'. The Brunauer-Emmett-Teller surface area
(Sger), total pore volume (V), and average pore radius (R) were
determined by the ASAP2020 instrument using the Barrett-Joy-
ner-Halenda (BJH) method. The thermogravimetric analysis
(TGA) was performed on a Perkin Elemer TGA-7 in N, flow
and at a heating rate of 10°C/min. The morphology was charac-
terized by scanning electron microscopy (SEM, JSM-6700 E, Ja-
pan). The zeta potentials of adsorbents were measured with
Malvern Zetasizer Nano ZS90, through adding 5 mg sample in
10 mL NaCl solution (107> mol/L) at different pH values
(adjusted with diluted HNO;3 or NaOH solution).

Adsorption Experiments

All adsorption experiments were carried out in the dark condi-
tion at ambient temperature. The suspension containing 300
mg/L ARG solution (pKa = 7.5) and 2 g/L of adsorbent was
magnetically stirred for 45 min. Then the suspension was centri-
fuged at 4300 rpm for 5 min. The clarified supernatant was an-
alyzed by the UV-Vis spectrophotometer (Agilent 8453). The
absorbance value of ARG was read at 503 nm, corresponding to
the characteristic absorption peak of azo group.

To study the influence of the surface potential of adsorbents on
the adsorption capacities, the adsorbents were treated by NaOH
or HNOj solution (pH = 1.0-13.0). Then the treated adsorb-
ents were used to adsorb the same concentration of ARG
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Figure 1. XRD patterns of the prepared TiO, and PPy/TiO,.

solutions. The effect of ionic concentration (0-0.3 mol/L) on
the adsorption was carried out by adding NaCl into the 300
mg/L ARG solution. The effect of PPy/TiO, dosage on the
adsorption was examined by varying the adsorbent concentra-
tion from 0.5 to 3.0 g/L. The effect of temperature on the
adsorption was also conducted by changing the temperature
from 288 to 308 K.

The adsorption rate R (%) and the amount of dye molecules
adsorbed onto adsorbent Q, (mg/g) after time t were calculated
from the following egs. (1) and (2), respectively:

R(%) _G =G 00 (1)
0
Co — C;

Q(mg/g) ==~V 2)

where: Cy is the initial dye concentration (mg/L), and C, is the
concentration of dye after time #, V is the solution volume (L)
and M is the mass of the used adsorbent (g).

The adsorption equilibrium of ARG with different concentra-
tions (200, 300, and 500 mg/L) on PPy/TiO, was evaluated at
20°C, with 2 g/L of PPy/TiO, added and stirred for 1 h. The
mixture was fetched per 10 min and filtered, and then the fil-
trates were analyzed by the UV-Vis spectrophotometer.

Equilibrium adsorption isotherms of ARG at 20°C were
obtained by mixing different concentrations (150450 mg/L) of
ARG solution with 2 g/L of PPy/TiO,. There are two models,
Langmuir and Freundlich isotherms, which are described in the
following egs. (3) and (4), respectively:u‘3 2

Ceq 1 Ceq
L)=——+ 3

Qeq (g/ ) QmaxKL Qmax ( )

Ig Qeq(mg/g) = 1g Ky + nlg Ceq (4)

where: Qeq and Qmax (mg/g) are the adsorbed dye equilibrium
concentration in the solid phase and the maximum adsorption
capacity, respectively; C.q (mg/L) is the dye equilibrium concen-
tration; K; (L/mg) is a constant that related to the heat of
adsorption; Kpr ((mg/g)/(mg/L)") represents the adsorption
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capacity when C,, equals 1; n represents the degree of depend-
ence of adsorption on equilibrium concentration.

The ARG effluent (300 mg/L) was prepared by dissolving ARG
into the real effluent instead of deionized water. The adsorption
experiments of ARG effluent were the same as that of ARG so-
lution, and the concentration of color was determined.

Regeneration Experiments

To test the regeneration abilities of the adsorbents, the used
adsorbents were treated with 0.1 mol/L NaOH solution (5 mL)
and 0.16 mol/L HNOj; solution (5 mL) for 10 min sequentially.
Then the regenerated adsorbent was reused for the further
adsorption experiments.

RESULTS AND DISCUSSION

Characterization of the Samples

Figure 1 shows the XRD patterns of the prepared PPy/TiO, and
TiO,. The XRD pattern of TiO, shows the diffraction peaks at
25.3, 37.8, and 48.1°, which correspond well to the Bragg’s reflec-
tions from the (101), (004), and (200) planes of anatase TiO,,
respectively. Additionally, the diffraction peaks at 27.5, 36.1, and
41.2° are found in the XRD pattern of PPy/TiO,, with specific
assignment to the (110), (101), and (111) planes of rutile TiO,,
respectively. These results indicated that the change of crystalline
phase occurred during the process of the oxidative polymerization
of PPy. It is also noted that no new peaks appear in the pattern of
PPy/P25, suggesting that PPy is amorphous in the composite.”

FTIR absorption spectra of TiO, and PPy/TiO, are shown in Fig-
ure 2. According to the spectrum of TiO,, the wide peak at 400—
700 cm™ ' corresponds to Ti—O bending mode of TiO,.>* The
spectrum of PPy/TiO, shows some characteristic peaks of PPy,
for example, the bands at 1560, 1454, and 790 cm !are assigned
to the pyrrole ring-stretching, the conjugated C—N stretching,
and out-of-plane ring deformation of C—H, respectively.”> How-
ever, the intensity of the peak at 400-700 cm ™" corresponded to
Ti—O bending mode is lower, which may be because TiO, was
largely enclosed by PPy. The spectrum of PPy/TiO, contains both
the characteristic peaks of PPy and TiO,, thus supporting the for-
mation of PPy in the PPy/TiO, composites.
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Figure 2. FTIR spectra of the prepared TiO, and PPy/TiO,.
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Figure 3. TGA curves of the prepared TiO, and PPy/TiO.,.

As shown in TGA plots (Figure 3), the first steep weight loss of
about 14% below 150°C for PPy/TiO, was attributed to the
adsorbed water.’® The second steep weight loss of about 22%
between 200°C and 550°C may be assigned to the decomposi-
tion of PPy’ Based on the TGA analysis of PPy/TiO,, the
amount of PPy in the PPy/TiO, composite was approximately
calculated to be about 22 wt %.

Representative SEM images of TiO, and PPy/TiO, are illustrated
in Figure 4. The pure TiO, was irregularly block structure. In
comparison, the prepared PPy/TiO, composite existed as rela-
tively loose aggregates with particle diameter of 5-7 pm. In
addition, the loose aggregates were formed by the accumulation
of large amounts of particles with the diameter of 100-200 nm.
The modification of PPy led to the formation of the porous
structure. Therefore, the specific surface areas of the samples
were measured and the results are displayed in Table I. As
observed, TiO, has a larger specific surface area (Sggr = 87.92
m?/g), which might be favorable for the efficient adsorption of
ARG, but its average pore radius is comparatively small. It
might be brought about by the sudden precipitation of large
amounts of TiO, flocculent, which further affected the forma-
tion of pore structure due to the extrusion force between the
molecules. By contrast, the average pore radius of PPy/TiO, is
about three times larger than that of TiO, though its Sggr is
smaller. This can be explained by the fact that the in-situ syn-
thesized PPy deposited directly on the surface of TiO,, and thus
decreased the specific surface area of TiO,, while the slow
growth of PPy facilitated the formation of pore structure.

Effects of Surface Potential and Ionic Concentration

on Adsorption

The adsorption capacities of the adsorbents were altered when
they were treated with acid or alkali solution, as shown in Fig-
ure 5. The adsorption capacities of TiO, and PPy/TiO,
increased with the decreasing pH, which proved that ARG could
be easily adsorbed onto a lower pH treated adsorbent. Addition-
ally, the alkaline and acid solutions would be used as the de-
sorption agent and activating agent in the later regeneration
experiments.
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Figure 4. SEM images of the prepared (a) TiO, and (b) PPy/TiO,.

Several studies indicated that the surface charge of compound
was greatly dependent on the pH of solution, and this affected
its adsorption capacity.”>*® Belessi et al.’ and Zhang et al.*
pointed out that the surfaces of TiO, and PPy were positively
charged or negatively charged in a solution with an appropriate
range of pH according to egs. (5)—(8):

Ti'"—OH + H" — Ti"—OH,’, pH < pH,, )

Ti" —OH + OH™ — Ti~0" + H,0, pH > pH,,,  (6)
PPyCl+ H" < PPyCIH", pH < pH,, (7)

PPyCl+ OH™ < PPyCIOH™, pH > pH,,, (8)

where pHie, is the isoelectric point, which represents the pH
value when the zeta potential equals to 0. Figure 6 shows the

Table I. Properties of Different Samples

Samples Sget (M?/g) V (cm3/g) R (nm)
TiO5 87.92 0.053 1.56
PPy/TiO2 53.51 0.14 567
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Figure 5. Effect of surface potential on adsorption capacities of the pre-
pared TiO, and PPy/TiO,. The adsorbents were treated with HNO; or
NaOH solution (pH = 1.0-13.0).

zeta potential values of TiO, and PPy/TiO, as a function of the
solution pH. The isoelectric points of TiO, and PPy/TiO, are
about 2.8 and 10.5, respectively.

Therefore, the surface of PPy/TiO, was positively charged when the
pH value of the solution was smaller than 10.0, and it could adsorb
ARG through the electrostatic attraction. For TiO,, it was negatively
charged when the pH value of the solution was larger than 3.0, thus
almost no ARG molecules could be adsorbed due to the existence of
electrostatic repulsion. Furthermore, PPy/TiO, could still adsorb
ARG when the pH value of the solution was 13, which may be owing
to the formation of hydrogen bonding between PPy/TiO, and ARG.
Consequently, PPy/TiO, exhibited better adsorption ability than
TiO,, and possessed adsorption ability within a larger pH range.

The effect of ionic concentration on the adsorption capacity is
shown in Figure 7. The results showed that the effect of the
ionic concentration was insignificant. Zhang et al.*® indicated
that the increase of ionic concentration reduced the electrostatic
attraction between the adsorbates and adsorbents, and also
reduced the electrostatic repulsion between the adsorbates. The
first effect decreased the adsorption capacity, but the second

60
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—&— PPy/TiO,
—e—TiO,
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=204

Zeta Potential (mV)

40 -

'60 T T T T T

2 4 6 8 10 12
pH

Figure 6. The zeta potentials of TiO, and PPy/TiO,.
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Figure 7. Effect of ionic concentration on the adsorption capacity of PPy/TiO.,.

effect enhanced the amount of adsorption. With the effects of
these two aspects, the adsorption capacity of PPy/TiO, was
almost unchanged at the different ionic concentration.

Effects of Dosage of Adsorbent and Temperature on
Adsorption

The effect of PPy/TiO, dosage on the adsorption of ARG is
shown in Figure 8(a). It was observed that the adsorption effi-
ciency increased with the increase in dosage. The rise of the
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Figure 8. Effects of PPy/TiO, dosage and temperature on the adsorption
of ARG.
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Figure 9. Adsorption capacity of PPy/TiO, for ARG. (a) Adsorption equi-

librium curve of ARG; (b) Pseudo-first-order kinetic plot for the adsorption

of ARG; (c) Pseudo-second-order kinetic plot for the adsorption of ARG.

adsorbent dosage can increase the number of active site avail-
able for adsorption, yet the adsorption efficiency had a little
change when the dosage exceeded 2.0 g/L. As a result, the dos-
age of 2.0 g/L was chosen in all experiments.
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Figure 10. Adsorption isotherm of ARG on PPy/TiO,, the liner forms for
(a) Langmuir isotherm model and (b) Freundlich isotherm model.

The effect of temperature on the adsorption is displayed in Fig-
ure 8(b). It can be seen that the adsorption of ARG increased
with the temperature rise, which indicated that adsorption of
dye in this system was an endothermic process.

Adsorption Kinetics

It was essential that an adsorbent showed rapid adsorption
kinetics for efficient adsorbate removal from solution. Figure
9(a) represents the influences of contact time and initial con-
centration on the adsorbed ARG on PPy/TiO,. It is obvious
that ARG adsorption was so rapid that a minimum contact
time was sufficient for the removal of ARG from water. There-
fore, it was feasible to choose 45 min as the adsorption time in
the following adsorption experiments.

Moreover, the adsorption kinetics of ARG on PPy/TiO, was fit-
ted by the pseudo-first-order model and pseudo-second-order
model [as shown in Figure 9(b, ¢)], which are described in egs.
(9) and (10), respectively.32

Table II. Parameters of the Pseudo-First-Order and Pseudo-Second-Order Models

Pseudo first order model

Pseudo second order model

Co (mg/L) K1 (1/min) Qeq (Mglg) R? Kz (g/mg/min) Qeq (Mglg) R?

200 0.067 27.94 0.8410 0.015 94.79 0.9997
300 0.064 49.70 0.8383 0.007 137.74 0.9991
500 0.059 66.99 0.8343 0.004 173.31 0.9990
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Table III. Parameters of Langmuir and Freundlich Adsorption Isotherm Models

Langmuir model

Freundlich model

Qmax (Mglg) K. (Lmg)  RL R? Ke (mglgliL/mg)™)  n R?

179.21 0.52 0.0043 0.9984 89.96 0.17 0.9257
1 _ K, 9 According to the Langmuir model, the largest adsorption
8(Qq — Q) = ng‘1_2‘3()3 ©) amount of ARG on PPy/TiO, absorbent was 179.21 mg/g,

T 1 T
= 5 +
Qt KZ Qeq Qeq

(10)

where T is the adsorption time (min), K; (1/min), and K, (g/
mg/min) are the rate constants for the pseudo-first-order and
pseudo-second-order models, respectively.

On the basis of Figure 9(b, ¢), the relevant parameters were cal-
culated and listed in Table II. According to the values of the
correlation coefficients, the pseudo-second-order model (R* =
0.9990-0.9997) was more appropriate for the adsorption
kinetics of ARG with PPy/TiO, than the pseudo-first-order
model (R* = 0.8342-0.8410). Furthermore, the calculated values
of Q.q from the pseudo-second-order model were approximately
equal to the experimentally obtained values. These results indi-
cated that the adsorption kinetics of ARG by PPy/TiO, could be
well described by the pseudo-second-order model.

Adsorption Isotherms

In order to describe the interaction between the adsorbate and
adsorbent, the equilibrium adsorption isotherm was investi-
gated.”” According to Figure 1, since its excellent adsorption
ability, PPy/TiO, was chosen as the target adsorbent.

Figure 10 shows the linear forms of Langmuir and Freundlich
adsorption isotherm models. It was clearly exhibited that the
degree of linearity of Langmuir adsorption isotherm model was
better than that of Freundlich adsorption isotherm model. To
be more specific, the experimental parameters of Freundlich
and Langmuir isotherm models are listed in Table III. It was
obvious that the adsorption behavior of the PPy/TiO, sample
was appointed to the Langmuir adsorption isotherm, for the
correlation coefficient R* of Langmuir model was greater than
that of Freundlich model.

Table IV. Comparison of the Adsorption Capacity of PPy/TiO, with
Other Adsorbents for Azo Dyes

Acid Red Qrnax Equilibrium
Adsorbents  dyes (mglq) time (min)  References
PPy/TiO» AcidRed G 179.21 20 This work
Activated Acid 52.08 30 40
carbon Red 97
CuFez04 Acid Red B 86.8 30 41
powder
Montmori AcidRed G 171.53 60 42
llonite
Calcined- Acid 80.02 120 43
Alunite Red 57
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which perhaps was no less than that of several other adsorbents.
Table TV lists the adsorption capacities of several adsorbents for
Acid Red dyes. It can be seen that the adsorption capacity of
PPy/TiO, was satisfied when compared with some other adsorb-
ents already reported in literatures. Besides, the equilibrium
adsorption time of PPy/TiO, in our experiments was less than
that of other adsorbents. These results suggested that the PPy/
TiO, adsorbent we prepared had more efficient adsorption
capacity, and can be considered as a promising adsorbent for
the removal of dye from wastewater.

The dimensionless separation factor, R; which is an essential
characteristic of the Langmuir model to define the favorability
of an adsorption process, is expressed as

1

RR=—
=11k,

(11)

where C,, is the maximum initial concentration of ARG solu-
tion. The R; value was calculated for the adsorption of ARG as
0.0043, which was in the range of 0-1, indicating the process of
ARG adsorption on PPy/TiO, is favorable.

Regeneration Experiments

On the basis of the effect of the surface potential on the adsorp-
tion, the regeneration of TiO, and PPy/TiO, can be achieved by
using NaOH solution (0.1 mol/L) as the desorption agent and
HNOs; solution (0.1 mol/L) as the activation agent. Afterwards,
the regenerated adsorbents were utilized again to adsorb the
same concentration of ARG solution to study its adsorption
stability.

110
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Figure 11. The adsorption stabilities of PPy/TiO, and TiO,.
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Figure 12. The adsorption efficiency of ARG effluent on PPy/TiO,.

Figure 11 shows the adsorption stability of PPy/TiO, and TiO,.
It can be seen that the adsorption efficiency of PPy/TiO, was
still higher than 90% after regeneration for ten times, indicating
that this composite possessed excellent adsorption capacity and
stability. In contrast, the adsorption capacity of TiO, showed a
continuously decreasing trend. This suggested that the PPy
modification can significantly improve the adsorption capacity
and stability of TiO,. Additionally, the amount of ARG
adsorbed on the regenerated PPy/TiO, exceeded that on the vir-
gin state with a trend of increase at first before declining after-
wards. The rising trend was probably attributed to the activa-
tion of PPy/TiO, during the generation process, in which the
quantity of positive charge of the regenerated adsorbent lifted,
followed by a reinforced electrostatic attraction and improved
adsorption of ARG. The slight decrease of the adsorption
capacity may be owing to the incomplete desorption of ARG
adsorbed on PPy/TiO,. It was reported that the regeneration ef-
ficiency of activated carbon was only 50% to its original value
or even less.”'® These results demonstrated that the PPy/TiO,
adsorbent we prepared could be completely regenerated via the
alkali treatment and the acid treatment without losing its
adsorption ability and stability.

Adsorption of Real Dye Wastewater

Figure 12 shows the decoloration efficiency of ARG effluent on
PPy/TiO,. The results showed that PPy/TiO, had weaker
adsorption capacity for ARG effluent than for ARG solution,
which may be ascribed to the complexity of the real effluent.
However, the decoloration efficiency of ARG effluent on PPy/
TiO, was still higher than 78% after adsorption—desorption for
four times. These results indicated that PPy/TiO, also possessed
efficient adsorption capacity for ARG in the real effluent.

CONCLUSIONS

In this article, the adsorption capacity of the prepared PPy/TiO,
composite was studied and compared with TiO,. PPy/TiO, was
successfully prepared by in-situ chemical oxidative polymeriza-
tion of pyrrole monomer in the prepared TiO, sol solution.
XRD and FT-IR analyses suggested that PPy was incorporated
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in the PPy/TiO, composite. The result from TGA analysis indi-
cated that the amount of PPy in the PPy/TiO, composite was
approximately calculated to be about 22 wt %. SEM analysis
showed that the PPy/TiO, nanocomposite was rough and po-
rous. Through the comparison of the adsorption properties of
all samples for ARG, the acid-treated ones exhibit better adsorp-
tion effect, especially the acid-treated PPy/TiO, composite,
which possessed an excellent adsorption capacity with the
adsorption efficiency of more than 90% for 300 mg/L of ARG
solution. Moreover, the effect of the ionic concentration on the
adsorption was insignificant. Higher PPy/TiO, dosage and tem-
perature were in favor of the adsorption of ARG. The equilib-
rium adsorption of ARG on PPy/TiO, was achieved in a short
time of 20 min. Its adsorption kinetics was well described by
the pseudo-second-order model. The Langmuir isotherm model
was found for PPy/TiO, with the maximum adsorption amount
of 179.21 mg/g. In addition, the adsorption stability experi-
ments showed that PPy/TiO, could be in-situ regenerated by
using NaOH as the desorption agent and HNOj; as the activat-
ing agent, but the adsorption stability of TiO, was not prefect,
which suggested that the modification of PPy was available.
PPy/TiO, still showed excellent adsorption capacity after regen-
eration for ten times. Additionally, PPy/TiO, still possessed out-
standing adsorption capacity for ARG effluent after regeneration
for four times. Therefore, we believe that the PPy/TiO, compos-
ite is promising in the removal of azo dye from the wastewater.
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