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Abstract

The poly(3,4-propylenedioxythiophene)/MnO2 composites (PProDOT/MnO2) were prepared successfully by soaking the PProDOT powders
into potassium permanganate (KMnO4) solution, with the mass ratio of PProDOT and KMnO4 from 2:1 to 1:2. The structure and morphology of
composites were characterized by Fourier transform infrared spectroscopy (FTIR), Raman spectroscopy, ultraviolet–visible absorption spectra
(UV), X-ray diffraction (XRD), energy-dispersive X-ray spectroscopy (EDX) and field emission scanning electron microscope (FE-SEM).
Furthermore, PProDOT/MnO2 composites were tested as the adsorbents for removal of methylene blue (MB) from aqueous solution. The results
revealed that the composites were successfully synthesized, and the thiophene sulfur was oxidized into sulfoxide by KMnO4. The highest
percentage removal of MB after 30 min was 91% for PProDOT/MnO2 (1:2) composite, and the percentage removal of MB was �12 mg g�1

after 60 min at initial concentrations of MB dye of 5.6 mg L�1 in the case of PProDOT/MnO2 (1:2) composite. Besides, the adsorption process of
PProDOT/MnO2 (1:2) composite was described by pseudo-second-order and Langmuir models.
& 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of Chinese Materials Research Society. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Dyes, pigments and their related compounds are difficult for
industrialization duo to their highly carcinogenic and hydrophobic
property. Thus, it is significant for industry production to remove
them from sewage. By now, various physic-chemical methods are
used for removal of dyes, such as membrane filtration, adsorption,
chemical oxidation, coagulation/flocculation, ion exchange,
reverse osmosis and precipitation [1–4]. But each process has
its own efficiency and limitation. In those superior methods, the
adsorption has been considered as a favorable procedure due to
economic feasibility, recycle of adsorbent and nonexistence of
harmful residues [5–8]. Therefore, a number of the adsorbents
/10.1016/j.pnsc.2016.01.001
16 The Authors. Production and hosting by Elsevier B.V. on behalf
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have been developed such as activated carbon, waste materials
and co-product from the agriculture as well as the waste materials
from forest industries [9–13]. Among them, the waste materials
and co-product ascribe to be inexpensive adsorbents since they
exist in large quantities, such as, various raw agricultural solid
wastes of the leaves, fibers, fruits, peels, and seeds etc. [14,15].
These adsorbents seem economically attractive for practical
application. However, these adsorbents described above usually
display many disadvantages involving low adsorption efficiency,
long adsorption time, poor mechanical strength and the absence of
specific adsorption [16]. In recent years, increasing efforts have
been aimed to use polymers as adsorbents for the removal of dye
from aqueous solution owing to their vast surface area, perfect
mechanical rigidity, adjustable surface chemistry and pore size
distribution, and feasible regeneration under mild conditions [16].
For example, Ayad et al. confirmed that polyaniline nanotubes
base was employed as an efficient adsorbent for the removal of
of Chinese Materials Research Society. This is an open access article under the
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cationic dyes such as methylene blue (MB) from aqueous solution
[17]. Cassella et al. used flexible polyurethane foams as selective
absorbents for MB [18]. However, a novel and efficient adsorbent
based on polymer materials for removal of dyes from wastewater
is still an interesting research topic.

The findings from previous research show that nanosized
metal oxides (ferric oxides, aluminum oxides, titanium oxides,
manganese oxides) are highly promising in adsorption process
due to their affinities towards impurities and higher surface
area per unit volume [19]. Among these metal oxides, MnO2

as adsorbent has also been widely used as an effective
adsorbent in the removal of heavy metals from aqueous
solutions due to its high adsorption capacity and selectivity
[20]. Fei et al. investigated that MnO2 with hierarchical hollow
nanostructures had a good ability to remove pollutant in waste
water [21]. Cao et al. prepared γ-MnO2/α-MnO2 ellipsoids
with an excellent ability to remove heavy metal ions and
organic pollutants [22]. Recently, polymer/metal oxide hybrid
adsorbents have emerged as a new class of adsorbent materials
for deep removal of trace pollutants from waters. Li et al.
reported that the polypyrrole/TiO2 composites were considered
as a stable adsorbent for dye removal [23].

Poly(3,4-ethylenedioxythiophene) (PEDOT), as a most pro-
mising conducting polymer, is widely used as electrode
materials due to its good electrical conductivity, large，
pseudocapacitance, and environmental stability [24–30]. Poly
(3,4-propylene-dioxythiophene) (PProDOT) has the similar
structure with PEDOT, and it shows the superior properties,
such as optical and electrochromic properties, higher solubility
and processibility, which is resulted from chiral alkyl chain in
the ProDOT [24–30]. According to the previous report,
MnO2–NP/PEDOT nanocomposite is prepared by soaking
PEDOT into a potassium permanganate solution [31]. The
biggest advantage of this approach is that no additional steps
are needed to prepare MnO2 particles before synthesizing the
composites. This may bring some possibility of the preparation
of PProDOT/MnO2 composites by the same method.

In this work, PProDOT/MnO2 composites with various
contents of MnO2 were successfully synthesized by simply
soaking the PProDOT powder in KMnO4 solution. The
PProDOT/MnO2 composites were tested as adsorbents for
removal of methylene blue (MB) from aqueous solution.

2. Experimental

2.1. Materials

3,4-Propylenedioxythiophene (ProDOT) was obtained from
Aldrich and used as received. All other chemicals and solvents,
including anhydrous iron (III) chloride (FeCl3), potassium
permanganate, ethanol and chloroform, were used as received
without further purification.

2.2. Synthesis of the PProDOT

The procedure for synthesis of PProDOT by typical mechan-
ochemical method was as follows (Fig. 1): 0.4 g ProDOT
monomer and 1.67 g anhydrous iron (III) chloride (FeCl3) were
put in a mortar with constant grinding. After 1 h, the mixture
became black–green. Then the product was washed thoroughly
with distilled water, ethanol and chloroform, until the filtrate was
colorless. Finally, the product was dried under vacuum at 60 1C
for 48 h, the composite was denoted as PProDOT.

2.3. Preparation of PProDOT/MnO2 composite

The procedure for synthesis of PProDOT/MnO2 composites
was as follows (Fig. 1): 0.08 g PProDOT powders put into
0.04 g KMnO4 aqueous solution with magnetic stirring at
room temperature, and the MnO2 was generated in the process.
After 10 min, the products were rinsed with deionized water
for several times. Finally the products were dried under
vacuum (60 1C) for 24 h. These products were denoted as
PProDOT/MnO2 (2:1). The loading amount of MnO2 was
controlled by changing the mass ratio of PProDOT/KMnO4.
The PProDOT/MnO2 (1:1) and PProDOT/MnO2 (1:2) compo-
sites were synthesized by the same method but only change the
mass ratio of PProDOT/KMnO4¼1:1 and 1:2, respectively.

2.4. Characterization

The Fourier transform infrared (FT-IR) spectra of the samples
were measured on a BRUKER EQUINOX-55 Fourier transform
infrared spectrophotometer (Bruker, Billerica, MA, USA). Raman
spectra of the samples were carried out a backscattering geometry
with the 1064 nm excitation wavelength using a Bruker Vertex 70
FT Infrared Spectrometer. UV–vis spectra of the samples were
recorded on a UV–visible spectrophotometer (UV4802, Unico,
USA). The XRD patterns were conducted using a Bruker AXS
D8 diffractometer and the scan range (2θ) was 10–801, with
monochromatic CuKα radiation source (λ¼0.15418 nm).
The energy-dispersive X-ray spectroscopy (EDX) was taken on
a Leo1430VP microscope with operating voltage 5 kV. FESEM
was investigated by using Hitachi S-4800 field emission scanning
electron microscope.

2.5. Adsorption experiments

For adsorption experiments, the concentrations of methylene
blue solutions (MB) were determined with the absorbance at
664 nm by using UV–visible spectrophotometer (UV4802,
Unico, USA). 16 mg of adsorbents (PProDOT) was shaken
in MB solution (40 mL) and stirred for 120 min in the dark at
25 1C. After adsorption of dye, the adsorbents were removed
by centrifugation. The adsorption study of PProDOT/MnO2

composites was conducted by the same method.

3. Results and discussion

3.1. FTIR spectroscopy

Fig. 2(A) shows the FTIR spectra of PProDOT and
PProDOT/MnO2 composites. As seen in Fig. 2(A), the
characteristic absorption bands of the pure PProDOT were at
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1488, 1316, 1176, 1126, 1042, 921, 837 and 704 cm�1,
respectively. The bands of 1488 cm�1 and 1316 cm�1 were
originated from the C¼C stretching in polythiophene. More-
over, the bands at about 1176, 1126 and 1042 cm�1 were
assigned to the C–O–C bond stretching in ethylenedioxy
group. The bands at 921, 837 and 704 cm�1 were originated
from the C–S–C bond in the thiophene ring [32–34]. After
formation of the PProDOT/MnO2 composites, several absorp-
tion bands were observed around 3380, 1620, 1044, 714 and
495 cm�1, respectively. The band at around 3380 cm�1 and
1620 cm�1 is attributed to stretching and bending vibrations of
the –OH group of crystal and adsorbed water molecules,
respectively, which plays a very important role in the adsorp-
tion of MB [35]. Moreover, two bands at 500 cm�1 and
714 cm�1 were originated from the Mn–O and Mn–O–Mn
vibrations, indicating that the MnO2 existed in composites
[36–39]. Significantly, the band at 1044 cm�1 gradually
appeared as the ratio of MnO2 increased in the composites,
which is resulted from the sulfoxide (S¼O bond) stretching
mode [31]. This phenomenon reveals the thiophene sulfur may
be oxidized into sulfoxide by KMnO4.
3.2. Raman spectra

The Raman spectra of PProDOT and PProDOT/MnO2

composites are presented in Fig. 2(B). As shown in Fig. 2
(B), several characteristic bands at 1537, 1410, 1237 and
1110 cm�1 were presented in PProDOT. The bands of 1537,
1410, 1237 and 1110 cm�1 are attributed to the asymmetric
stretching Cα¼Cβ, symmetric stretching Cα¼Cβ (–O) on five-
membered ring, Cα¼Cα inter-ring stretching and C–O–C
deformation, respectively [40,41]. Moreover, the characteristic
bands of PProDOT/MnO2 composites were similar to that of
Fig. 2. The Fourier transform infrared (FTIR) spectra (A), Raman spectra (B) an
composites.

Fig. 1. Schematic diagram for the prepara
PProDOT. However, the MnO2 in the composites did not
display any obvious characteristic band for proving the
existence of MnO2. As it is reported that the characteristic
band for MnO2 is �570 and �630 cm�1 resulted from Mn–
O vibration (Raman excitation line is λexc¼632.8 nm and
488 nm, respectively) [39,42]. The intensity and peak position
for characteristic bands in Raman spectrum are related to the
excitation wavelength [43]. In the present case, the Raman
excitation line for recording the Raman spectrum is λexc¼1064
nm. Therefore, the absence of obvious band for Mn–O
vibration is assigned to that the lower energy of λexc¼1064 nm
line, which is not extremely sensitive toward the presence of
MnO2 structure in polymer matrix.
3.3. UV–vis spectroscopy

Fig. 2(C) shows the UV–vis absorption spectra of the PProDOT
and PProDOT/MnO2 composites. The PProDOT shows three
characteristic absorption peaks at 430 nm, 463 nm and 487 nm,
which are attributed to the π–π* transition of the thiophene ring
[44,45]. These peaks are originated from the absorption peak
causing by the different conjugated segments. The further
comparison indicates that PProDOT/MnO2 composites have the
similar absorption peaks to that of PProDOT. Moreover, the
absorption peaks of composites at 430 nm and 487 nm become
sharper with an increase of loading amount of MnO2.
3.4. XRD and EDX analysis

Fig. 3 shows the XRD patterns and EDX results of PProDOT
and PProDOT/MnO2 composites. As shown in Fig. 3, the
PProDOT shows a broad and low diffraction peak at 241, which
indicates that PProDOT has an amorphous structure just like
d ultraviolet–visible (UV–vis) spectra (C) of PProDOT and PProDOT/MnO2

tion of PProDOT/MnO2 composites.



Fig. 3. X-ray diffraction (XRD) patterns of (a) PProDOT/MnO2 (2:1), (b) PProDOT/MnO2 (1:1), (c) PProDOT/MnO2 (1:2) and energy dispersive X-ray
spectroscopy (EDX) spectra of (d) PProDOT/MnO2 (2:1), (e) PProDOT/MnO2 (1:1) and (f) PProDOT/MnO2 (1:2). The inset in panel shows the XRD pattern of
PProDOT.
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some other polythiophene derivatives [46–48]. Several diffrac-
tion peaks at 331, 351, 491, 541 are presented in PProDOT,
which is ascribed to the doping agent of FeC14

� [34]. In the case
of PProDOT/MnO2 composites, two broad diffraction peaks are
observed at 371 and 661, which is attributed to MnO2. The XRD
pattern of MnO2 in the composites shows broad and low peaks,
indicating a poorly crystalline phase of MnO2 [49–52]. In order
to investigate the percentage of Mn element in the composites,
EDX of the composites is presented in Fig. 3. Cl and Fe
elements in all composites are originated from the doping agent
of FeC14

� , which is agree with the results of XRD. The results
also show that the percentage of Mn in the composites increases
as the mass ratio of PProDOT/KMnO4 varying from 2:1 to 1:2.
3.5. SEM studies

Fig. 4 shows the SEM images of the pure PProDOT and
PProDOT/MnO2 composites. As seen in Fig. 4(a)–(d), the pure
PProDOT displays an irregular sponge-like morphology, and the
addition of MnO2 has some effect on the morphology of
composites. As shown in Fig. 4(b)–(d), in the case of PProDOT/
MnO2 composites, many spherical particles were observed on
the surface of polymer (the diameter in the range of 30–60 nm ),
which connects with each other resulting in a high specific
surface. Such structure is conducive to contact with methylene
blue molecules in the adsorption process, resulting in an
improvement the adsorption efficiency. It is interesting that the
decreasing of mass ratio of PProDOT/KMnO4 leads to a gradual
decrease in size of MnO2 particles in composites. This phenom-
enon is understood by the more effective reduction of KMnO4
by PProDOT in the case of low mass ratio of PProDOT/KMnO4,
which is beneficial for the uniform distribution of PProDOT in
KMnO4 solution. Consequently, the low mass ratio of PPro-
DOT/KMnO4 causes the formation of less aggregated nano-
sized MnO2 particles by initial nucleation of MnO2 crystal.
Increasing mass ratio of PProDOT/KMnO4, the MnO2 nano-
particles form initially may serve as nucleation sites for
additional MnO2 nanoparticles to cause an increase in size of
MnO2 nanoparticles in the composites.

3.6. Adsorption experiment

Fig. 5 shows the adsorption of MB (3.7 mg L�1) into
PProDOT and PProDOT/MnO2 composites in the dark at
25 1C. As shown in Fig. 5, the time-resolved adsorption spectra
of PProDOT and PProDOT/MnO2 composites were analyzed by
using UV–visible spectroscopy. No shifts of the characteristic
peaks with increased contact time were observed, indicating that
no intermediate was generated during the interaction of MB dye
molecules with PProDOT/MnO2 composites, and the decrease of
peak intensity is attributed to the adsorption of MB dye
molecules on the surfaces of PProDOT/MnO2 composites
[53,54]. The comparison shows that PProDOT/MnO2 compo-
sites induce obviously decreases in the absorbance of MB. The
amount of adsorbed MB onto the adsorbent, Qe (mg g

�1), was
calculated by the equation [55,56]:

Qe ¼ Co�Ceð ÞVm�1 ð1Þ
where
Co: initial liquid phase dye concentration (mg L�1),
Ce: equilibrium liquid phase dye concentration (mg L�1),



Fig. 5. Time-resolved absorption spectra of MB dye with (a) PProDOT, (b) PProDOT/MnO2 (2:1), (c) PProDOT/MnO2 (1:1) and (d) PProDOT/MnO2 (1:2) in dark
at 25 1C.

Fig. 4. Field emission scanning electron microscope (FESEM) images of (a) PProDOT, (b) PProDOT/MnO2 (2:1), (c) PProDOT/MnO2 (1:1) and (d) PProDOT/
MnO2 (1:2).
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Fig. 6. Concentration profiles of MB with different time in the presence of PProDOT and PProDOT/MnO2 composites (A); the possible mechanism for the
adsorption of MB by PProDOT/MnO2 composites (B).
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V: volume of dye solution used (L),
m: mass of adsorbent used (g).
Fig. 6(A) shows the concentration profiles of MB dye with

different time in the presence of PProDOT and PProDOT/MnO2

composites. As shown in Fig. 6(A), the percentage removal of
MB at initial 5 min is 21% (PProDOT), 56% (PProDOT/MnO2

(2:1)), 69% (PProDOT/MnO2 (1:1)), and 82% (PProDOT/MnO2

(1:2)), respectively, while the percentage removal of MB after
30 min is 21% (PProDOT), 81% (PProDOT/MnO2 (2:1)), 88%
(PProDOT/MnO2 (1:1)) and 91% (PProDOT/MnO2 (1:2)), respec-
tively. Cheng et al. reported that the percentage removal of MB by
β-MnO2 nanopincers and commercial β-MnO2 particles was 4.2%
and 2.3% after adsorption for at 30 min, respectively, and the
percentage removal of MB was 30.9% after 2 min and 90.2% after
120 min in the presence of the β-MnO2 nanopincers and H2O2

[57]. Wang et al. reported that the percentage removal of MB by
manganese dioxide/polystyrene nanocomposite was 39.9% in
8 min [58]. This means that the PProDOT/MnO2 composites are
more effective in short adsorption time (�30 min) than these
absorbents. In the present study, the percentage removal of MB on
PProDOT/MnO2 composites was higher than PProDOT at the
same time in the process of adsorption. Besides, it is pointed out
that the adsorption efficiency of PProDOT/MnO2 composites
increases as the mass ratio of PProDOT/KMnO4 varying from
2:1 to 1:2, and the adsorption efficiency of PProDOT/MnO2 (1:2)
composite finally reaches 93% at 120 min. Compared with
commercial MnO2, PProDOT/MnO2 composite shows better
adsorption efficiency [22].

The amounts adsorbed into the PProDOT and PProDOT/MnO2

composites are determined to be 2.28 mg g�1 (PProDOT),
8.08 mg g�1 (PProDOT/MnO2 (2:1)), 8.26 mg g�1 (PProDOT/
MnO2 (1:1)), 8.45 mg g

�1 (PProDOT/MnO2 (1:2)), respectively.
The PProDOT/MnO2 composites exhibit higher adsorption capa-
city than pure PProDOT. Obviously, PProDOT/MnO2 (1:2)
displays the highest adsorption capacity (8.45 mg g�1) among
the composites. The better adsorption ability of PProDOT/MnO2

composites is resulted from the strong electrostatic attraction
between the surface hydroxyl groups and the cationic groups
(R–Sþ ) of MB. The removal of MB is resulted from hydrogen
bonding which formed by hydroxyl groups and nitrogen atoms of
MB. The possible mechanism for the adsorption of MB by
PProDOT/MnO2 composites is shown in Fig. 6(B).
In order to investigate the kinetic adsorption mechanism of

PProDOT/MnO2 (1:2), the characteristic constants of adsorp-
tion were determined using the pseudo-first-order and pseudo-
second-order models [59–62]. Fig. 7(a) and (b) shows the
pseudo-first-order and pseudo-second-order models for adsorp-
tion of MB on PProDOT/MnO2 (1:2).
The equation of pseudo-first-order kinetic model is as

follows:

log Qe�Qtð Þ ¼ log Qe� t
k1

2:303
ð2Þ

where
Qe: amounts of dye adsorbed on adsorbent at equilibrium

(mg g�1),
Qt: amounts of dye adsorbed on adsorbent at any time t

(mg g�1),
k1: rate constant of first-order adsorption (min�1).
Fig. 7(a) displays the curve-fitting plot of Eq. (2) (log

(Qe�Qt) versus t). The values of k1, Qe and R2 are listed in
Table 1. And the correlation coefficient (R2) of curve-fitting
plots equals 0.96302.
The pseudo-second-order kinetic model equation is repre-

sented as follows:

t

Qt
¼ 1

k2Qe
2 þ

1
Qe

t ð3Þ

where
k2: rate constant of second-order adsorption (g mg�1 min�1).
Fig. 7(b) shows the curve-fitting plot of Eq. (3) (t/Qt versus t).

The values of k2, Qe and R2 are listed in Table 1. The correlation
coefficient of curve-fitting plots equals 0.99999. The results
indicate that MB dye adsorption on PProDOT/MnO2 (1:2) is
well-described by the pseudo-second-order kinetic model.
The most useful adsorption models of Langmuir and

Freundlich are used to fit the experimental data [63,64]. Fig.
7(c) and (d) shows the Langmuir isotherm and Freundlich
isotherm models for adsorption of MB on PProDOT/MnO2

(1:2) composite.



Fig. 7. (a) Pseudofirst-order and (b) pseudosecond-order models for adsorption of MB on PProDOT/MnO2 (1:2); (c) Langmuir isotherm model and (d) Freundlich
isotherm model.

Table 1
Kinetic parameters for the adsorption of MB on PProDOT/MnO2 (1:2) with
initial MB concentration was 3.7 mg L�1.

Models Model coefficients R2

Pseudo-first order Qe¼1.537 mg g�1 0.96302
K1¼0.09313 min�1

Pseudo-second order Qe¼8.498 mg g�1 0.99999
K2¼0.22 g mg�1 min�1

R. Jamal et al. / Progress in Natural Science: Materials International 26 (2016) 32–4038
The Langmuir isotherm equation is represented as follows:

Ce

Qe
¼ 1

Qo
Ceþ

1
K1Qo

ð4Þ

where
Qe: amount of adsorbed per unit mass of adsorbent

(mg g�1),
Ce: liquid phase dye concentration at equilibrium (mg L�1),
K1: Langmuir adsorption constant related to the energy of

adsorption (L mg�1),
Qo: maximum adsorption capacity and energy of adsorption.
As shown in Fig. 7(c), a linear plot is gained when Ce/Qe is

plotted versus Ce. The unknown parameters were calculated
from the intercept [1/K1Qo] and the slope of the line [1/Qo].
The correlation coefficient (R2) equals 0.98793.

The Freundlich isotherm equation is represented as follows:

ln Qe ¼ ln Kf þ
1
n
ln Ce ð5Þ

where
Kf : Freundlich constants (L mg�1),
1/n: heterogeneity factor.
As shown in Fig. 7(d), a linear plot is gained when ln Qe is

plotted versus ln Ce, the unknown parameters are calculated
from the intercept [ln Kf] and the slope of the line [1/n]. The
correlation coefficient (R2) equals 0.93015. The parameters of
adsorption isotherms from Langmuir and Freundlich models
are presented in Table 2.
In the case of Langmuir model, the maximum adsorption of

MB on PProDOT/MnO2 (1:2) is around 13.94 mg g�1. Adsorp-
tion capacity of different adsorbents for MB adsorption is
presented in Table 3. As shown in Table 3, the comparison
indicates that PProDOT/MnO2 (1:2) composite displays higher
adsorption capacity than some adsorbents from references.
A series of experiments were conducted with different initial

concentrations of MB dyes in the presence of 16 mg of PProDOT/
MnO2 (1:2) composite for 120 min. Fig. 8 shows the effects of
initial concentration and time on the adsorption of MB by
PProDOT/MnO2 (1:2) composite. As initial concentrations of
MB dyes increase from 3.1 mg L�1 to 5.6 mg L�1, the amounts
of equilibrium adsorption become higher (the percentage removal
of MB is �12 mg g�1 after 60 min at initial concentrations of
MB dye of 5.6 mg L�1). This phenomenon is attributed to the



Table 2
Summary of the Langmuir and Freundlich isotherm constants.

Model Parameters

Langmuir Qo¼13.94 (mg g�1)
K1¼7.709 (L mg�1)
R2¼0.98793

Freundlich Kf¼12.468 (L mg�1)
n¼4.1413
R2¼0.93015

Table 3
Adsorption capacity of different adsorbents for MB adsorption.

Adsorbents Adsorption capacity Qo

(mg g�1)
References

Fly ash 5.57 [7]
Glass fibers 2.24 [8]
Clay 6.3 [6]
PANI nanoparticles 6.1 [59]
PANI nanotube base/silica
composite

10.3 [60]

PANI NTs 9.21 [17]
PProDOT/MnO2 (1:2) 13.94 This work

Fig. 8. Effect of initial concentration (mg L�1) and time (min) on the
adsorption of MB by PProDOT/MnO2 (1:2).
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mass transfer driving force enhances when the initial dye
concentration increases, thereby resulting in a higher adsorption
of MB. It should be noted that the percentage removal of MB by
Orange peel and Banana peel is �11 mg g�1 and �7 mg g�1

after 60 min at initial concentrations of MB dye of 50 mg L�1

[65]. Therefore, it is concluded that the PProDOT/MnO2 (1:2)
composite is more effective than these natural absorbents in short
adsorption time (�60 min).

4. Conclusions

In summary, PProDOT/MnO2 composites with various
contents of MnO2 are successfully synthesized by simply
soaking the PProDOT powders in KMnO4 solution. The
loading amount of MnO2 is controlled by varying the mass
ratio of PProDOT/KMnO4. The PProDOT/MnO2 composites
are successfully synthesized by redox exchange between
PProDOT and KMnO4. Due to the strong electrostatic attrac-
tion or/and hydrogen bonding generated between the surface
hydroxyl groups of PProDOT/MnO2 composites and MB, the
highest percentage removal of MB after 30 min is 91% for
PProDOT/MnO2 (1:2) composite, and the percentage removal
of MB is �12 mg g�1 after 60 min at initial concentrations of
MB dye of 5.6 mg L�1. The present results are well explained
by pseudo-second-order kinetic model and the Langmuir
adsorption isotherm. Because of the facile synthesis process
and excellent adsorption performance, the PProDOT/MnO2

composite is promising material for industrial applications.
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