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Abstract
This work investigated the elimination of Methyl Orange (MO) using a new adsorbent prepared from
Activated Carbon (AC) with polyaniline reinforced by a simple oxidation chemical method. The prepared
materials were characterized using XRD, TGA, FTIR and nitrogen adsorption isotherms. Furthermore,
PANI@CA highest speci�c surface area values (near 332 m2.g− 1) and total mesoporous volume (near
0.038 cm3.g− 1) displayed the better MO removal capacity (192.52 mg.g− 1 at 298 K and pH 6.0), which is
outstandingly higher than that of PANI (46.82 mg.g− 1). Besides, the process's adsorption, kinetics, and
isothermal analysis were examined using various variables such as pH, MO concentration and contact
time. To pretend the adsorption kinetics, various kinetics models, the pseudo �rst- and pseudo second-
orders, were exercised to the experimental results. The kinetic analysis revealed that the pseudo second
order rate law performed better than the pseudo �rst order rate law in promoting the formation of the
chemisorption phase. In the case of isothermal studies, an analysis of measured correlation coe�cient
(R2) values showed that the Langmuir model was a better match to experimental results than the
Freundlich model. By regeneration experiments after �ve cycles, acceptable results were observed.

1. Introduction
Various dyes are applied for products in the textile industry and paint, food, paper, cosmetics, plastic,
leather factories and rubber synthetic organic dyes. The products throw into the environment by
wastewater have unwanted impacts on nature and living microorganisms [1, 2]. These dyes are
hazardous and toxic and can cause diseases, such as cancer and genetic transition in all creatures [3–5].
Amongst these toxic dyes, methyl orange (MO) belongs to anionic class and it has been widely utilized in
the above-industry. So, its removal from different aqueous wastes is required and important. Generally,
membrane �ltration, precipitation, coagulation, biological treatment, adsorption, ion exchange,
electrochemical process, photocatalytic degradation and ozonation are adequate candidates for such
purpose [6–13].

Conducting polymers materials (CPM) having hybrid π-conjugated bonds has attracted interest from
many researchers in scienti�c and industrial �elds in recent times. Conductive polymeric, such as
polyaniline, polypyrrole, poly(p-phenylene) and polythiophene, have usually been applied in technological
investigations and in several applications as rechargeable batteries [14, 15], sensors [16] diodes,
microelectronic devices and in transistors and [17, 18]. Amongst the CPM, PANI receiving a great deal of
attention due to their good environmental stability, simple synthesis, ability to dope with protonic acids,
and the being of amine groups in its structure and higher electrical conductivity [19].

The existence of amine-imine groups in PANI is the active species for the dye remove. Accordingly, it is
widely reported of PANI used as adsorbent of dye in literature review, e.g. Mahi et al. [20], recorded PANI
and PANI@OFI to elimination the Acid orange 10 (named OrangeG) and Tanzi� et al. [2], eliminated the
MO by PANI. Whereas that, Li et al., investigated the removal of Methylene-Blue, Congo-Red and
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Rhodamine-(B) by PANI as adsorbent [21, 22], con�rming the big capacity for eliminate the diverse dyes
types by PANI.

However, employing PANI as nanoadsorbent can offer some de�es such as aggregation, problem to
separate from aqueous solution and thus complicating the regeneration of this adsorbent [23]. Thereby, it
is needful to �nd a method to protect the PANI, overcome the aforesaid di�culties and enhance the
e�ciency of the PANI without compromise diffusion of e�uent. In this consideration, the use of
adsorbents based on conductive polymer with diverse inorganic products has proven to be promising for
the high removal of organic and inorganic pollutants. Many works have been made to modify the used of
PANI and its PANI@inorganic hybrids for the adsorption of pollutants from water. Further, Activated
carbon (AC) was vastly used to water and wastewater processing because of its well-developed porosity,
high surface area, high mechanical strength, hydrophobic surface and many precursors [24], which make
it become an ideal backing during recent nanoadsorbent elaboration processes.

The essential objectives of these studies were to develop a new adsorbent PANI@AC and evaluate its
effectively removing Methyl Orange from aqueous solution. The prepared adsorbents were characterized
using XRD, FTIR, TGA and BET analyses. Moreover, a series of batch tests was determined to estimate the
MO removal performance, initial MO concentration, pH and the effects of contact time. Batch and
continuous �xed bed kinetics experimental data were estimated with different conventional models.

2. Experimental

2.1. Materials
Methyl Orange (MO), Aniline (ANI), Ammonium persulfate (APS), Hydrochloric acid 37%, Ethanol 96%, and
Methylsul�nylmethane (DMSO) 98% made by Merck Company. The commercial activated carbon (AC)
chosen for this investigation has been bought by Waterlink Suctliffe Carbons. Before the experiences, the
AC material were washed multiple times with H2O and dried at 80°C for 3 h. Deionized H2O was used for
all experiments.

2.2. Measurements
Fourier Transform Infrared Spectrometer (Bruker-Inc., Model-Alpha spectrophotometer) was used to
identify the functional groups. X-ray Diffraction (Bruker-CCD Apex instrument) was used to identify the
structural properties of samples. Measurement of the speci�c surface area was performed by N2

adsorption & desorption analysis (BET-BELSORP MINI II). UV-Spectrophotometer (Hitachi U-3000
Spectrophotometer) was applied to measure the MO concentration. Thermogravimetry Analyze (TGA)
(Hitachi STA7200 Instrument) was used to determine the thermal and/or oxidative stabilities of materials
as well as their [25, 26].

2.2.1. Porous texture characterization
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The microscopic pore structure property of AC sample was characterized by physical adsorption of gases
(nitrogen at 77K & Carbon dioxide at 273K) using Micromeritics ASAP-2020M system. Correspondingly,
N2 adsorption is mainly to gain the information on total micropores volume (VDR) applying the Dubinin–
Radushkevich (DR) formula and to determine the speci�c surface area according to the BET law (SBET)
[20, 27].

2.3. Synthesis of adsorbent materials
Adsorbent materials were synthetized by in-situ polymerization of ANI 220 mol in HCl dispersions of the
AC. Firstly; the AC was dried at 353 K for one day to eliminate humidity. Next, 1.0 g of AC was added to a
1M HCl and sonicated using probe ultrasound for 30 min. Thereafter, the ANI was added, and the solution
was sonicated also 30 min to elevate the substitution of monomer inside AC pores. Finally, APS dissolved
in 1M of HCl was added dropwise to solution of ANI with AC under constant stirring (the molar of APS to
ANI was 1:1). The preparation was carried out at 298 K for 24h. The PANI@AC produced were �ltered,
washed with deionized water and then dried in oven at 343 K for 24h [25–28]. The pure PANI was
synthetized in similar way mentioned above but in absence of AC.

2.4. Adsorption tests
The 1000 mg.L− 1 stock MO solution was prepared through dissolving 1.0 g of MO powder in 1 L of
deionized water. Then, through dilution, the solution was prepared with the required initial concentrations
of dye from 2 to 500 ppm. Generally, the proposed pathway of synthesis and of MO removal by PANI@AC
was depicted in Fig. 1.

2.4.1. Batch adsorption experiments
Kinetics of batch adsorption experiments were considered to investigate the time to reach equilibrium and
carried out at MO solution concentrations of 2ppm, 5ppm, 10ppm, 20ppm, 100ppm, 200ppm and
500ppm with 10 mg of the synthetized adsorbent in the ambient temperature. The dye solution
concentration was determined by UV–Vis spectrophotometer in wavelength of maximum absorbance of
464nm. A calibration curve of concentration-vs-absorbance was determined by Beer–Lambert’s equation.
The quantity of MO adsorbed at equilibrium, Qeq (mg.g− 1), was established applied formula below:

Here, m (g) is the amount of adsorbent; C0 and Ceq (mg.L− 1) are the initial and equilibrium concentrations

of MO, respectively; V (mL) is MO volume; Qeq (mg.g− 1) is the quantity of MO adsorbed by adsorbent at
time t.

The needful properties of the Langmuir model can be proved in terms of a dimensionless separation
factor (RL) are obtained by the following:
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Here, C0: highest initial adsorbate concentration (mg.L− 1) and KL: Langmuir constant (L.mg− 1). RL shows
the state of isotherm to be either unfavorable for RL > 1, favorable (0 < RL < 1), linear for RL = 1 or
irreversible for RL = 0 [29].
In conformity with the Freundlich isotherm, the adsorbed molecules cannot be greater than of active sites
number, and the layer formed on nanoadsorbent surface authorized development of following layers [30].
The isotherm is determined by the next law:

Here, KF : Freundlich-constant (L.mg− 1) ;  intensity of adsorption constant ; Qeq : adsorption capacity

of MO adsorbed at equilibrium (mg.g− 1) and Ceq : equilibrium concentration of MO (mg.L− 1).

Adsorption kinetic isotherms were used to describe adsorptive molecules transfer behavior and
investigate factors affecting reaction rate. In the current work, pseudo �rst order and pseudo second order
kinetics models were applied to investigate the batch adsorption performance.

Pseudo �rst order:

Pseudo-second-order:

Here, Qeq is quantity of MO adsorbed at equilibrium (mg.g− 1) ; Qt is quantity of MO on the surface of the

adsorbent at every time t (mg.g− 1) and k is equilibrium speed-constant of the pseudo �rst order.

2.4.2. Adsorbent regeneration test
From the operational perspective and environmental goals, adsorbent regeneration and reuse constitute
one of the important and innovative aspects of economic feasibility. To investigate adsorbent
regeneration performance, 0.1 g of the prepared adsorbent was poured in 25 ml of MO solution with a
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concentration of 100ppm at 298 K under stirring for 2 h. The residue dye solution concentration was
determined by UV-Vis spectrophotometer and MO adsorption capacity by adsorbent was investigated.

After that, the adsorbent was removed from the solution and placed in 40 ml of nitric acid 0.05 molar as
elution solvent on a stirrer for 10 minutes. Afterwards, the adsorbent was washed with deionization H2O
and placed in MO solution with the same condition and these stages were repeated for 5 times.

3. Results And Discussion
3.1. Adsorbent characterization

To further characterize micromorphology and molecular structure of the products, XRD, FITR, TGA and
BET measurements were carried out.  Fig. 2-a show the XRD patterns of the PANI, AC and PANI@AC
samples, respectively. The AC shows peaks at around 2θ = 20.80º, 26.61º, 31.25º, 33.41º, 40.74º, 43.43º,
and 47.85º which corresponds to (100), (101), (220), (110), (102), (200) and (112) plane of carbon,
respectively. Furthermore, It can be seen that the AC pattern displayed an amorphous halo centered at 2θ 
= 25.32º, which indicates to the re�ection of the plane (002), a common characteristic of non-crystalline
structures such as AC [31]. Moreover, the PANI shows an amorphous background in their XRD patterns
because polyaniline is incomplete crystalline. The crystallinity and coherence length of the pure PANI
polymer chain orientation can be analyzed by the diffraction peaks at 2θ values of 8.94º (001), 16.49º
(011), 20.15º (100) and 24.90º (110). All peaks are in good agreement with results by Bekhti et al. [32].
This diffraction peaks are attributed to the vertical and parallel periodicity of the PANI chain, respectively.
On the other hand, the PANI@AC product consist of peaks at 2θ = 20.80º and 26.61º. Further, the peak of
this sample in the observed diffraction pro�le is almost at around 24.68º reveals to amorphous type of
PANI@AC.

Fig. 2-b. display the FT-IR spectrum of synthesized PANI, it can be seen a series of characteristic peaks
including C=C stretching vibration of benzenoid units at 1490 cm−1 and 1576 cm–1 of PANI are presented
[25, 32], which makes clear that the PANI is in semi-oxidation state. The bands at 1296 cm−1 and 1242
cm−1 are attributed to C–N stretching vibration of secondary aromatic amino structures [33]. The main
characteristic band at 800 cm−1 is belonging to the aromatic N–H stretching vibration of secondary
aromatic amine bending vibration. Moreover, the main band at 1128 cm−1 is ascribed to the out-of-plane
bending vibration of C–H within the stretching vibration of C–N of the secondary aromatic amine
structures bending vibration. Besides, the characteristic absorption band appeared at the 1377 cm−1 is
related to the bending vibrations of the C–H groups. For AC, spectra have similar shape in vibration band
features of carbonaceous material and the band at 3387 cm−1 can be associated to O–H groups. The
band at 1554 cm−1 can be assigned to C=O axial deformation. Whereas that, band at 1096 cm−1 can be
attributed to C–OH (phenolic, ethers). Thereby, there are many functional groups for adsorbing
contaminant ions on AC. These functional groups play an important role in removal of pollutant ions.
Moreover, the FTIR spectra of PANI@AC are which fully match PANI spectra. For PANI@AC spectrum, the
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bands at 1576 and 1495 cm−1 are ascribed to vibrations of the quinoid and benzene rings, respectively.
The other characteristic bands at 1301, 1126, and 816 cm−1 can be attributed with the C–N stretching of
the secondary aromatic amine, aromatic C–H in-plane bending and out-of-plane bending vibration,
respectively. Furthermore, the band of AC at 1096 cm−1 are shifted to 1032 cm−1, indicating the
interaction between the PANI and the surface of the AC.

The TGA curve of AC, PANI and PANI@AC were showed in Fig. 2c. PANI displayed the initial weight loss
(20.84%) below 194 ºC, which was attributed to the loss of water and solvents molecules. The second
weight loss (32.81%) in the range from 194 ºC to 408 ºC was due to the removal of structural organic
ligands from their frameworks. At 800 ºC, the total weight loss of PANI was 67.86%, while PANI@AC was
54.63%. The reason is that the presence of polymer on the surface of AC promoted the growth of the
crystal. It was concluded that PANI@AC had better thermal stability than PANI, mainly due to the
introduction of AC.

With measuring N2 adsorption-desorption isotherms, the pore size distribution, speci�c surface area and
pore volume of AC, PANI and PANI@AC were calculated, and results were showed in Fig. 2-d and Table 1.
It showed that curves of samples are IV-type isotherms with H3 type hysteresis loops, con�rming the
presence of mesoporous in the material. Comparing with PANI, the speci�c, pore size, and pore volume of
PANI@AC were signi�cantly increased. The speci�c surface PANI@AC area was 332 m2.g−1, which was
substantially higher than that of PANI (17.52 m2.g−1). The pore volume increased from 0.023 cm3.g−1 to
0.038 cm3.g−1. These mesoporous structure with large surface area were more favorable to the
adsorption of dyes.

3.2. Adsorption of MO

3.2.1. In�uence of pH

The effect the pH solution has on the MO removal was investigated by changing the reaction solution pH
from 3 to 11 and conserving all other parameters constant by PANI and PANI@AC adsorbents,
respectively. Fig. 3-a shows the effect pH has on removal e�ciency. It is clear that PANI@AC performed
better relative to PANI in the PANI in the adsorption of MO from aqueous solution at various values of pH
studied. In addition, it was showed that both adsorbents realized the best results at pH 6. The elimination
rate was low at both lower and higher pH values. As observed, the PANI has a high potential for MO
removal on the pH between 6 and 8. Further, the MO ions possesses negatively charged at pH 7 (or
practically neutral pH values, between 6 and 8) and display maximum MO removal. Furthermore, as
Emeraldine-Salt (ES) and Emeraldine-Base (EB) formulas of the PANI occur at lower acidic and higher
basic pH values respectively, the ES form get passed to EB near pH 7 [34]. Likewise, the MO exist in
cationic form and at the same time the PANI has positive charge in the pH value between 5 and 8, the
maximum removal has been presented in this range of pH values, thanks to the formation of electrostatic
force to the gravitational between MO and adsorbent used.
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3.2.2. Effect of adsorption time on adsorption e�ciency

Fig. 3-b. exhibits a comparison of the MO adsorption capacity and removal e�ciency with time. The
results showed that the % removal of dye by PANI increased with increasing time from 10 to 40 min
where reached 17.64 % at 40 min. Thereafter, the % removal of MO increased to 76.18 % when the time
changed from 40 to 60 min. Also, the in�uence of time on the adsorption capacity of PANI@AC sample
toward MO was performed in the time range of 10-120 min. The results showed that the adsorption
capacity of the hybrid adsorbent toward dye increased with increasing time from 10 to 60 min where
reached 192.52 mg.g−1 (77.14 %) at 60 min. Hence, 60 min is considered the optimum time for the
removal of MO using the PANI@AC.

To prepare information about factors affecting reaction rate, it is necessary to determine mechanisms
that control the adsorption process such as surface adsorption, chemical reaction, and kinetics
assessment in�ltration mechanisms. Pseudo �rst order and pseudo second order models have widely
used for investigation of the adsorption process. In Table 2, the parameters related to studied kinetic
models are presented. The correlation coe�cient R2 represents how good these kinetic models �t the
removal process. The R2 values obtained from kinetic models reveal that the removal process complies
more with the pseudo second order kinetic model indicating that chemical adsorption is ratio controlling
and adsorption is the result of interaction betwixt functionally groups on the nanoadsorbent surface.
Also, the calculated value of Qeq.Cal obtained from the pseudo second order model is close to the
experimental value of Qeq.Exp. Hence, the kinetics of adsorption is best de�ned by the pseudo second
order kinetic model for two adsorbents used in this study.

3.3. Adsorption isotherms of MO

Fig. 3-c display the adsorption isotherms of MO by various adsorbents calculated at 298 K. The matching
result of sorption isotherms using Langmuir and Freundlich models are summarized in Table 3. The data
show that the removal process of dye was �tted well with the Langmuir isotherm. Further, the removal
capacity of PANI and PANI@AC adsorbents toward MO are 49.50 mg.g−1 and 192.30 mg.g−1, respectively.
The adsorption performance of the PANI@AC product toward MO was compared with that of other
adsorbent materials in the literature as clari�ed in Table 4. Clearly, the PANI@AC product outperformed
most of the adsorbents because it has the highest adsorption capacity value.

3.4. Reuse of adsorbent

Regeneration and reusability of an adsorbent is an important factor to assess the feasibility for workable
applications. Therefore, this adsorbent product was used for several adsorption-regeneration cycles with
removal over 60 min. In this study, washing of employed adsorbent with C2H5OH and distilled H2O was
used to regenerate the adsorbent PANI@AC. As shown in Fig. 3-d, the adsorbent show suitable
capabilities for recovery and reuse. Besides, the adsorbent recovery at some steps showed a stable
adsorbent capacity in dye removal which this result can illustrate that ethanol is an exceptional detergent
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for adsorbent recovery. Moreover, the calculated regeneration e�ciencies were 75.79%, 69.75%, 58.13%
and 40.34%, respectively. The continuous decrease in quantity adsorbed and reusability e�ciency could
suggest that some MO remained on PANI@AC after every reusability or that the adsorbent structure was
modifying or changing.

4. Conclusions
In the present work, PANI@AC nanostructures were facilely synthesized by in-situ oxidative
polymerization and used to remove MO dye from aqueous. The prepared adsorbents were characterized
using FTIR, XRD, TGA and BET analyses, and effects of contact time and MO concentration were
investigated in batch. Moreover, at pH 6.0, 100 mg.L−1 MO concentration, and 10 mg adsorbent at 298 K,
the overall adsorption potential of PANI@AC was found to be 192.52 mg.g−1. The process's adsorption,
kinetics, and isothermal analysis were examined using various variables such as pH, contact time and
MO concentration. To pretend the adsorption kinetics, various kinetics models, included pseudo �rst order
and pseudo second order were tested to the experiments data. The kinetic analysis revealed that the
pseudo second order rate law performed better than the pseudo �rst order rate formula in promoting the
formation of the chemisorption phase. In the case of isothermal studies, an analysis of measured
correlation coe�cient (R2) values revealed that the Langmuir model was a better match to experimental
results than the Freundlich model. Additionally, the obtained PANI@AC adsorbent exhibited a acceptable
cyclability to a range between 77.14% and 40.34% after 5 cycles.
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Tables
Table 1. Textural characterization of: PANI, AC and PANI@AC.

Adsorbents SBET

m2.g−1

VDR N2 

cm3.g−1

Vmeso

cm3.g−1

PANI 17.52 0.832 0.023

AC 814 0.412 0.025

PANI@AC 332 0.354 0.038

Table 2. Pseudo �rst- and pseudo second-order sorption rate constants and Qeq value for the removal of

MO by adsorbents at 298K, pH:6.0 and Co:100mg.L−1. 

Adsorbents Qeq.Exp

(mg.g−1)

Pseudo �rst order Pseudo second order

k1           
     
 min−1

Qeq.Cal       
      mg.g−1

R2 k2.ads                 
   g.mg−1.min−1

Qeq.Cal        
             
mg.g−1

R2

PANI 46.82 0.09 36.61 0.879 0.0009 55.86 0.936

PANI@AC 192.52 0.15 223.69 0.894 0.0006 208.33 0.993

Table 3. Langmuir & Freundlich isotherm constants and their correlation coe�cients for the adsorption of
MO by adsorbents at pH:6.0 and 298K.
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Adsorbents

Langmuir Freundlich

Qm

(mg.g−1)
KL

(L.mg−1)
RL R2 KF                       

(mg1−1/nL1/ng−1)
n R2

PANI 49.50 0.10 0.1632 0.985 7.72 2.63 0.546

PANI@AC 192.30 10.4 0.0005 0.999 67.05 3.68 0.906

 

Table 4. Adsorption capacities (Qeq) of MO on several adsorbents.

Adsorbents Qeq (mg.g−1) pH Ref.

PANI nano-adsorbent 31.39 4 [2]

Waste-cellulose-derived porous carbon 187.6      Not reported [35]

PANI nano�bers 7.00 7 [36]

PANI Microsphere 154.56 Not reported [37]

Alkali-Activated Multiwalled Carbon Nanotubes 149.00 7 [38]

N-doped mesoporous Carbon 135.80 Not reported [39]

Protonated cross-linked chitosan  89.30 6.7 [40]

Graphene oxide 16.83 3 [41]

Chitosan/MgO 60.00 8 [42]

PANI-kapok �ber 134.24 6 [43]

Polyurethane-PANI 255.00 5 [44]

Activated carbon-polytetra�uoroethylene 176.00 7 [45]

PANI@AC 192.52 6 This work

PANI 46.82 6 This work

Figures
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Figure 1

The proposed pathway of synthesis and of MO removal by PANI@AC
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Figure 2

(a) : X-ray diffraction (XRD) patterns , (b) : FT-IR adsorption spectra , (c) : Thermogravimetric analysis
obtained in N2 atmosphere at 10°C.min-1 and (d) : N2 adsorption–desorption isotherm of adsorbents
materials fabricated.
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Figure 3

(a): Effect of pH on the adsorption capacity of MO on PANI and PANI@AC materials (adsorbent dose: 10
mg, MO: 25 mL, T: 298 K), (b): Contact Time (C0: 100 mg.L-1, pH: 6.0, T: 298K, adsorbents dose: 10 mg),
(c): Adsorption isotherms of MO by PANI and PANI@AC materials (adsorbent dose: 10 mg, MO: 25 mL, T:
298 K, pH: 6.0) and (d): Adsorbent capacity changes and initial MO in consecutive cycles (adsorbent
dose: 10 mg, MO: 25 mL, T: 298 K, pH: 6.0).


