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Polyaniline/Activated carbon composite was synthesized using in-situ oxidative chemical polymerization
technique. The optimized composite (POAC) was applied for the removal of methyl orange (MO) from aqueous
solution. Several studies such as changing the concentration of MO solution, contact time and adsorbent dosage
were performed batch wise at optimum pH of 6.5. Within 2 h of the experiment 70% of MO was removed. A
maximum monolayer adsorption capacity Q of 285 (mg/g) was obtained with Langmuir isotherm model. Pseudo
second-order kinetic model explained the experimental data better than Pseudo-ﬁrst order model and intra
particle diﬀusion model. Saturation concentration of 62.92 (mg/L) obtained by utilizing
Brunauer–Emmett–Teller (BET) parameters matched well with the assumed value 63 (mg/L). this work demonstrates that POAC is a potential and eﬀective adsorbent.

1. Introduction
Dyes are essential items for producing colorful and fashionable
cloths. However, release of leftover dyes as textile eﬄuents into the
wastewater poses a huge environmental risk both to the surface water
ecosystem and underground aquifers. In wastewaters, the degradation
of aromatic structures in azo dyes such as methyl orange can lead towards serious health hazards due to its high toxicity [1]. In addition to
azo dyes, color or mordant released in wastewater ruins the quality of
receiving water bodies such as rivers, lakes and oceans rendering it
unhealthy for aquatic life. It is thus, an essential requirement for the
sustainability of environmental ecosystem to remove azo dyes and color
from the textile wastewater eﬄuents. Several techniques available in
the literature have been applied to address this problem. To quote some
examples are membrane separation, biological treatment, chemical
oxidation, ion exchange, photocatalytic degradation, Nano ﬁltration,
microbial degradation and adsorption [2–5]. However, adsorption
method have been considered very successful for its cost eﬀectiveness

and ease of application.
Activated carbon (AC) has a large surface area and possesses high
porosity. Its processing is not easy because it is not soluble in most of
the organic solvents. Several works have reported the ease of encapsulation of polyaniline into its polymeric matrix and its beneﬁt of
providing high surface in addition to its enhanced physical and chemical properties [6–9].
Polyaniline (PANI) has been attracted worldwide because of its
several unique features such as low cost, eﬀective synthesis, good environmental stability, acid base redox ﬂexibility, good conductivity and
surface properties [10]. The use of polyaniline as an adsorbent is explored widely because of its amine and imine groups binding electrostatically with the dye molecules present in the waste water [11,12].
In the past, Several composite based on PANI and other carbon and
non-carbon material were used for the removal of methyl orange (MO)
and other textile and sugar industry eﬄuents. MO was removed using
adsorbents such as PANI/sawdust [13], PANI/poly vinyl pyrrolidone
[14] PANI/Co3O4 [15], MWCNTs/Fe3O4/PANI [16], polyaniline on a
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2.2. Synthesis of the adsorbent (PANI/AC composite)

glass plate [17], PANI/ZnO [18], PANI/kapok [19], PANI/pulp waste
[20], Fe3O4/C/PANI [21] PANI/iron [22], PANI/silica/iron [23], waste
material based adsorbent [24], MWCNT/TiO2 [25]. Tartrazine was
degraded using TiO2 surface [26]. Hg ion was selectively sensed using
MWCNT/carbon electrode [27]. Bio sorbents was critically reviewed for
the adsorption of Heavy metals [28]. Porosity of carbon was processed
towards its applicability as adsorbent [29]. PANI/ZnO was used for
degradation of colored dyes [30]. Cu/Cu2O nanoparticles electrode
were fabricated to determine paracetamol [31]. ZnO/CeO2 nanocomposites were used for degradation of MO [32]. ZnO/CuO nanocomposite was used for the degradation of textile dyes [33]. Thermally
prepared ZnO was used for photocatalytic degradation of MO, methylene blue (MB) and Hg [34,35]. Porous carbon materials were reviewed
for the removal of organic and inorganic pollutants [36]. Functionalized tungsten oxide with MWCNT was used for the degradation of
rhodamine B [37]. Rice husk and its ash was reviewed for water and
waste water treatment [38]. Mesoporous carbon material was used for
the adsorption of MO [39]. Alumina nano-particles polyamide membrane was fabricated for the removal of salt [40]. ZnO/Ag/CdO nanocomposite was used for the degradation of industrial textile eﬄuents
[41]. ZnO/Ag/Mn2O3 nanocomposite was used for the degradation of
textile eﬄuent [42]. Fe3O4 nanoparticles were used for the removal of
MB and Safranin-O dyes [43]. AC derived from waste rubber was used
for the adsorption of phenolics [44]. MB was degraded using CeO2/
V2O5 and CeO2/CuO composites [45]. ZnO/Ag nanocomposite was
used for the degradation of textile eﬄuents [46]. ZnS/Cu/AC nanoparticles were used for removal of basic dye Auramine-O [47]. Fe/Au/
Graphene nanoparticles were used for the removal of nitrophenol [48].
Low cost adsorbents were used for the removal of dyes and phenol [49].
Bagasse ﬂy ash was used for the removal of lindane and malathion from
wastewater [50]. ZnO/γ-Mn2O3 was used for the degradation of textile
eﬄuent [51]. AC from waste rubber was used for the removal of
chromium [52]. ZnO prepared with diﬀerent morphology and was used
to degrade MB and MO [53].V2O5/ZnO nanocomposite was used for
degradation of MB [54]. ZnO/Fe3O4/AC composite was used for the
removal of MB [55]. Iron/cerium modiﬁed AC was used for the removal
of MB [56]. Waste carbon obtained from the production process of
monosodium glutamate was used for the removal of MB [57]. Previously, PANI/AC composite have also been used for CO2 adsorption
[58,59].
However, to the best of our knowledge we have not came across any
study mentioning the application of PANI/AC composite material for
the adsorptive removal of azo dye methyl orange. In this work, we
synthesized and optimized polyaniline/activated carbon composite
material and used as an adsorbent for the removal of methyl orange
released in textile wastewater eﬄuents. This work is expected to contribute signiﬁcantly in advancing the knowledge of researchers in understanding the adsorption science behind polyaniline/activated
carbon composite materials for the successful removal of leftover dyes
from the waste waters. Interestingly, only the optimized weight percentage of activated carbon in this fabricated composite material was
found to be playing an important role for better removal of methyl
orange. Apart from optimization, adsorption isotherm, kinetic modeling
and equilibrium studies were also performed. Other adsorbents for the
removal of MO were also compared with the present studied adsorbent
material.

Aniline was polymerized using oxidative in situ chemical polymerization using APS as an oxidizing agent. For the synthesis of PANI/
AC composite, aniline hydrochloride and APS in a weight ratio of approximately 1:2 were dissolved separately in distilled water in a ﬂask.
In diﬀerent experiments, various weight percentages of AC were mixed
with aniline hydrochloride solution (Table S1). AC was thoroughly
mixed with aniline hydrochloride using a magnetic stirrer. Once AC was
homogeneously mixed in aniline hydrochloride solution, then APS solution was poured drop by drop into it. The resulting solution slowly
turned into green color. The mixture was left on the stirrer for 24 h for
thorough mixing after which the resulting greenish black slurry was
ﬁltered and washed suﬃciently with distilled water and methanol so as
to get rid of any oligomers and other unwanted materials. The ﬁltered
material was then dried using an air oven at a temperature of 60 °C. The
resulting dried material was then crushed to obtain ﬁne powder to be
used in the adsorption experiments.
2.3. Adsorption experiment
The prepared composite material PANI/AC were tested for the adsorptive removal of MO. All the experiments were run batch wise. MO
equilibrium concentration (Fig. S1) was calculated using MO solutions
at diﬀerent known concentrations using a calibration curve
(λmax = 466 nm). Labomed (USA) spectrophotometer was used to
measure the absorption concentration of MO for all experimental. All
the experiments were performed with an orbital shaker (GS-20 China)
at ﬁxed speed of 200 rpm. To investigate the porous structural parameters of the adsorbents N2 adsorption isotherm was obtained using
BET Analyzer- Quanta chrome Nova Win 4200e at a degassing temperature of 250 °C. Zeta potential was measured using Malvern Instruments Limited.
Removal percentage of MO from the aqueous solution was calculated using equation (1).

% Removal =

Co − Ce
*100
Co

(1)

In equation (1), Co and Ce are the initial and equilibrium MO concentrations in aqueous solution.
Dye adsorption capacity (qe) was calculated using equation (2).

qe =

Co − Ce
*V
M

(2)

In equation (2), qe (mg/g) is the amount of MO adsorbed per gram
of adsorbent at equilibrium. Co and Ce are the initial and the equilibrium MO concentrations in aqueous solution. M (g) is the weight of
adsorbent used in the experiment whereas V (L) is the volume of MO
solution.
The rate of MO adsorption onto PANI/AC adsorbent was quantiﬁed
using equation (3).

qt =

Co − Ct
*V
M

(3)

2. Experimental

In equation (3), qt (mg/g) is the amount of MO adsorbed per gram of
adsorbent at any time t (min). Co and Ct are the initial and at any time t
concentrations of MO in aqueous solution. M (g) is the weight of adsorbent used in the experiment, whereas, V (L) is the volume of MO
solution.

2.1. Materials

3. Result and discussion

Aniline hydrochloride, ammonium persulfate (APS), activated
carbon and methyl orange were purchased from sigma Aldrich. All the
chemicals were used as received. Distilled water was used in all the
experiments.

3.1. Optimization of PANI/AC composite as an adsorbent and schematics to
show the interaction between MO and adsorbent
Fig. 1 shows the plot between absorbance of MO solution at
2
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Fig. 1. Optimization of PANI/AC composite for adsorptive removal of MO
(100 mg/L) from aqueous solution.
Fig. 3. Removal eﬃciency of MO (100 mg/L) by PANI and POAC from aquous
solution at diﬀerent values of pH.

minimized and it was homogeneously mixed with the matrix of PANI.
Due to this surface area of the composite also increased. It is well-established fact that PANI and MO have a lot of positive and negative
charge centres (Fig. 2a and b), thus, there was a strong electrostatic
force of attraction between the negatively charge centres of MO and
positively charge centres of PANI. Additionally, AC in the optimized
composite structure (Fig. 1) also provided its pores (Fig. 2 c) for effective removal of MO from the aqueous solution.
3.2. Eﬀect of pH on adsorptive removal of MO by adsorbents
Fig. 3 shows variation in percentage of MO removal with pH by
PANI and POAC respectively. It is clear from the ﬁgure that POAC
performed better compared to PANI in the removal of MO from aquous
solution at all values of pH (2–10). In all the experiments, the concentration of MO solution was ﬁxed at 100 ppm while the pH values
was varied from 2 to 10. In each of the experiment carried out, we used
a ﬁxed amount (25 mg) of PANI and POAC. It was observed that both
the adsorbents performed best at pH value of 6.5. The removal percentage was low at both lower and higher pH values. It can be clearly
observed in the ﬁgure that the optimum pH value for the removal of
MO by both PANI and POAC was close to 6.5 High adsorption of MO by
adsorbents at optimum pH can be related to strong hydrogen bonding
between MO and PANI or POAC [13]. It can also be due to the pKa
value of MO higher than that of pH at optimum condition [60].
3.3. Eﬀect of adsorbent dosage on the removal of MO from aquous solution
Fig. 2. (a) PANI/AC composite as an adsorbent (b) MO molecule containing
negative (c) MO adsorbed on PANI/AC.

Fig. 4 shows the variation in percenatge removal of MO from aquous
solution by PANI and POAC at 5 mg increment dosages of adsorbents.
From the ﬁgure it is clear that by increasing adsorbent dose, MO removal increases until reaching saturation After reaching saturation,
further increasing the amount of dose does not increases the removal
percenatge of MO from aquous solution. It can be noticed that the removal percentage of MO by POAC was better than PANI at each increment in the amount of dose The optimum increment dose of the
adsorbents for the removal of MO was 25 mg for each. Higher percentage of MO removal with increase in dose amount can be correlated
with the presence of higher adsorption sites in the adsorbent substrate.
In further experiments, an optimum dose of 25 mg adsorbents was used.

equilibrium and weight percentage of AC in the PANI/AC composite as
an adsorbent. From the ﬁgure, it can be observed that with increasing
weight percentage of AC in the composite, the absorbance of the
equilibrium solution of MO after adsorption experiment sharply decreased and then increased. From the experiment it can be observed
that AC in the composite with certain weight percentage works eﬃciently as an adsorbent to remove MO from aqueous solution. The efﬁciency of the adsorbent can be related to a synergism between PANI
and AC. Optimized weight percentage of AC in the composite provides a
good porous structure and thus allows PANI's surface to adsorb MO
more eﬀectively due to its strong electrostatic interaction with MO
molecules. The interaction between PANI/AC adsorbent and MO molecule can be seen in the schematics (Fig. 2 a,b,c). AC was wrapped
easily with PANI. It can be inferred that aggregation of AC was

3.4. Eﬀect of variations in initial concentration of MO on the removal of
MO from aquous solution
Fig. 5 shows the plot between the percentage removal of MO and
diﬀerent initial concentations of MO ranging from (25–125) ppm while
3
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Fig. 4. Variation in percentage removal of MO (100 mg/L) from aquous solution by PANI and POAC at diﬀerent dosages while keeping pH value constant at
6.5.
Fig. 6. Percentage removal of MO from aquous solution (pH = 6.5) by PANI
and POAC at diﬀerent time intervals.

due to AC being present in the matrix of PANI (Fig. 2c).
3.5. Adsorption isotherms
Adsorption isotherm study was carried out with the help of
Langmuir, Freundlich and BET adsorption isotherm models. To study
these isotherm models all the experiments were performed at optimum
pH and adsorbent dosage.
3.5.1. Langmuir isotherm
The Langmuir isotherm model was studied using the following
mathematical equation [61]:

Ce
Ce
1
=
+
qe
Q
bQ

(4)

Where, Ce (mg/L) is the concentration of MO at equilibrium, qe (mg/g)
is the adsorption capacity of PANI and POAC, Q is the maximum adsorption capacity and b (L/mg) is the Langmuir adsorption constant. As
it is well known that Langmuir adsorption isotherm model assumes a
monolayer adsorption. Also in this model it is assumed that the energy
of adsorption is constant. Adsorbent sites are treated uniform for each
single adsorption. Once those sites are occupied by the adsorbate molecules the monolayer completes and saturation occurs and maximum
adsorption capacity is attained.
Fig. 7a shows the linear ﬁt of the equilibrium data using Langmuir
isotherm model. Langmuir isotherm constants can be seen in Table 1.
Maximum adsorption capacity (Q) was calculated to be 243 and 285
(mg/g) for PANI and POAC, respectively. Langmuir adsorption constant
(b) was found to be 0.329 and 0.413 (mg/L) for PANI and POAC. R2 for
PANI and POAC was obtained as 0.927 and 0.984, respectively. Hall
separation factor (RL) was calculated using the following mathematical
equation:

Fig. 5. Removal percentage of MO from aquous solution (pH = 6.5) by PANI
and POAC at various initial concentrations of MO.

keeping the pH at optimum value of 6.5. The adsorbent dose is kept
ﬁxed at 25 mg for both PANI and POAC respectively. From the ﬁgure it
can be cleary seen that the percentage of MO removal from aquous
solution is decreasing with increasing concentaion of MO. It is due to
the fact that at lower concentration the interaction between MO molecule and adsorbents was high [60]. However, it decreased with increase in concentration owing to unavailability of the monolayer adsorption sites of the adsorbents. However, for all MO increments in
initial concentrations, the percentage of MO removal by POAC was
higher as compared to PANI. High percentage of MO removal by POAC
can be ascribed to strong elctrostatic interaction coupled with greater
porosity provided by AC in the optimized PANI/AC composite.
Fig. 6 shows a plot between percentage removal of MO from aquous
solution (pH = 6.5) by PANI and POAC at diﬀerent time intervals, respectively. To investigate the eﬀect of time on the removal of MO by
adsorbents, the experiments were performed in a batch of ﬁxed time
intervals using optimum amount of adsorbent dosage (25 mg) and ﬁxed
initial concentration of MO (100 ppm). From the plot it can be observed
that nearly 68–70% removal of MO was completed by POAC and PANI
in a time interval of 2 h. It is visible from Fig. 6 that PANI has a higher
percentage removal of MO as compared to POAC during the initial 5 h
contact time. However, in removing MO, POAC performed better than
PANI after 5 h of contact time. This phenomena can be explained on the
basis that initially PANI provided better elctrostatic interaction than
composite material. However, after a certain time interval, POAC performed better than PANI because it provided an extra porous structure

RL =

1
1 + bCm

(5)

Where, RL is the separation constant and Cm is the initial maximum
concentration (mg/L) of MO. If the value of RL falls between 0 and 1 the
adsorption isotherm is favorable. RL was evaluated to be 0.0237 and
0.0190 for PANI and POAC. RL values showed that the adsorption isotherm was favorable for the removal of MO using POAC as an adsorbent.
3.5.2. Freundlich isotherm
The Freundlich isotherm model was studied using the following
mathematical equation [62]:
4
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Fig. 7. (a) Linear ﬁt of equilibrium data using Langmuir isotherm model for adsorption of MO by PANI and POAC, (b) Linear ﬁt of equilibrium data using Freundlich
isotherm model for adsorption of MO by PANI and POAC, (c) Linear ﬁt of equilibrium data using BET isotherm model for adsorption of MO by PANI and POAC.

Freundlich adsorption isotherms.

Table 1
Langmuir and Freundlich isotherm constants calculated with linear ﬁt of
equilibrium data using the respective models.
Adsorbent

PANI
POAC

lnqe =

Langmuir isotherm constants
b (L/mg)

Q (mg/g)

R2

1/n

K

R2

0.329
0.413

243
285

0.927
0.984

0.5824
0.5381

61.52
79.00

0.945
0.877

lnCe
+ lnK
n

3.5.3. BET isotherm model
BET isotherm model was studied using the following mathematical
equation [63]:

Freundlich isotherm constants

Ce
Q
C (c − 1)
=
+ e
qe (Cs − Ce )
c
Cs Qc

(7)

Where, Cs is the equilibrium saturation concentration of MO solution
and c is a BET constant, which can be related with the diﬀerence in heat
of adsorption between the ﬁrst and higher layers of adsorption. c and Q
were obtained with the help of slope and intercept from the linear ﬁt of
BET isotherm model (Fig. 7c). Maximum monolayer adsorption (Q) was
calculated to be 216 and 222 (mg/g) for PANI and POAC, respectively.
The BET constant (c) was obtained as 23.05 and 45.10 for PANI and
POAC, respectively. Higher value of c in case of POAC inferred that the
composite materials showed higher aﬃnity for MO. Also the calculated
values of Cs were 63.26 and 62.92 (mg/L) for PANI and POAC, respectively. R2 value was calculated to be 0.979 and 0.982 for PANI and
POAC, respectively. In this study it can be observed that BET isotherm
model ﬁtted best the equilibrium data obtained during the adsorption
study of MO solution using POAC as an adsorbent. Table 2 shows the
data related to BET isotherm. Table 3 shows the porous structural
parameters such as surface area, pore volume and pores size of the
adsorbents.

(6)

In the Freundlich isotherm model K is related with adsorption capacity and is a constant. The heterogeneity of the adsorption process
can be given by the value of 1/n. Fig. 7b shows the linear ﬁt of the
equilibrium data using Freundlich isotherm model. K values were calculated to be 61.52 and 79 for PANI and POAC, respectively using the
intercept from the plot (Fig. 7b). Similarly 1/n values were calculated to
be 0.58 and 0.54 for PANI and POAC, respectively using the slope. The
R2 values for PANI and POAC were calculated as 0.95 and 0.88, respectively. As it is known that the Freundlich isotherm model assumes
physical adsorption on the heterogeneous surface. For a better adsorbent the n value should be greater than 1. Here in our case the n
values were calculated to be 1.72 and 1.85 for PANI and POAC, respectively. Based on R2 values it can be inferred that Langmuir isotherm
model ﬁtted better than Freundlich isotherm in case of POAC adsorbent. Table 1 shows the parameters related to Langmuir and
5
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Where, k2 (g/(mg. min)) is pseudo-second-order rate constant for the
adsorption of MO using PANI and POAC adsorbents.
Additionally, the intra-particle diﬀusion (IPD) model was studied
using the following mathematical equation.

Table 2
BET isotherm constants calculated with linear ﬁt of equilibrium data.
Adsorbent

Assumed Cs (mg/
L)

Calculated Cs (mg/
L)

c

Q (mg/g)

R2

PANI
POAC

63
63

63.26
62.92

23.05
45.10

216
222

0.9786
0.9817

qt = Kd t0.5 + C
−1

Where, kd (mg g min
) is the rate constant of the IPD model and C
is a constant for the boundary layer thickness.
Fig. 8a shows the linear ﬁt of adsorption kinetics using pseudo-ﬁrstorder kinetic model. Calculated adsorption capacity was 56 and 63.46
(mg/g) for PANI and POAC, respectively. The calculated adsorption
capacity was much diﬀerent than the experimental value (qe (exp)) for
both PANI and POAC, respectively. Fig. 8b shows the linear ﬁt of adsorption kinetics using pseudo-second-order kinetic model. R2 values
for this case was obtained as 0.9996 for both PANI and POAC, respectively. Also the calculated adsorption capacity matched well with
the experimental adsorption capacity. Hence it can be inferred that both
PANI and POAC followed pseudo-second-order adsorption kinetics for
the removal of MO from aqueous solution. Table 4 shows the kinetic
parameters calculated from the linear ﬁt of adsorption kinetics using
pseudo-ﬁrst and second-order kinetics. Fig. 8c shows the intra-particle
diﬀusion (IPD) kinetic models of MO by PANI and POAC. From the plot
of IPD (Fig. 8c), it can be clearly seen that the plot between qt and t0.5
for both PANI and POAC didn't pass through the origin. Hence it can be
inferred that the adsorption of MO by PANI and POAC was not controlled by IPD model. The plot showed two linear regions for adsorption
of MO by PANI and POAC, respectively. The ﬁrst linear part for the
adsorption of MO by adsorbents was observed to be fast. However, the
second region for the adsorption was observed to be slow and horizontal. The ﬁrst linear line of IPD model suggested that the MO was
diﬀused intra-partically into the macropores of the adsorbent while the
second ﬂat region of IPD was ascribed to diﬀusion of MO into

Table 3
Porous structural parameters of PANI and POAC.
Adsorbent

SBET (m2 g−1)

Pore volume (cm3 g−1)

Pore Size (nm)

PANI
POAC

18
36

0.023
0.040

1.85
1.84

3.6. Kinetic modeling
Adsorption kinetics of MO onto PANI and POAC adsorbents was
studied using pseudo-ﬁrst and pseudo-second-order kinetics.
Pseudo-ﬁrst-order kinetics was studied using the following mathematical equation [64]:

log(qe − qt ) = logqe −

k1
t
2.303

(8)

−1

Where, k1 (min ) is the pseudo-ﬁrst-order rate constant, qe and qt are
the adsorption capacity (mg/g) at equilibrium and at time t, respectively.
And pseudo-second-order kinetics was studied using the following
mathematical equation:

t
1
t
=
+
qt
qe
k2. qe2

(10)
−0.5

(9)

Fig. 8. (a) Linear ﬁt of adsorption kinetics of MO by PANI and POAC using pseudo-ﬁrst-order kinetic model, (b) Linear ﬁt of adsorption kinetics of MO by PANI and
POAC using pseudo-second-order kinetic model, (c) intra-particle diﬀusion kinetic models of MO.
6
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Table 4
Kinetic parameters of pseud-ﬁrst and second-order kinetics of MO by PANI and POAC.
Adsorbent

PANI
POAC

Pseudo-ﬁrst order

Pseudo-second order
−1

qe (exp) (mg/g)

k1 (min

188.9375
192.3438

0.00345
0.00322

)

2

qe (calc) (mg/g)

R

qe (exp) (mg/g)

k2 (g/mg.min)

qe (calc) (mg/g)

R2

56.0015
63.4599

0.9552
0.9482

188.9375
192.3438

0.0002738
0.0002175

188.6792
192.3077

0.9996
0.9996

remediation process with greater ease and ﬂexibility.

Table 5
Comparison of the MO adsorption capacity by other adsorbents.
Adsorbents

Adsorption Capacity (mg/g)

References

Polyaniline nano-adsorbent
TiO2/activated carbon
Activated carbon
Polyaniline nanotubes
Polyaniline/polyamide 6
Polyaniline microspheres
Activated carbon/NiFe2O4
Immobilized PANI/glass
Activated carbon/ferrospinel
PANI coated sawdust
polyaniline/iron oxide composite
PANI/AC

75.9
50
9.49
254.15
81.90
154.56
182.82
93.0
95
99
60
285

[67]
[68]
[69]
[70]
[71]
[72]
[73]
[74]
[75]
[76]
[77]
This study

3.8. Adsorption mechanism of MO onto the adsorbent
The surface morphology of an activated carbon has a robust tendency on the adsorption selectivity and capacity. However, the dye
adsorption mechanism is controlled by various factors such as the
physical and/or chemical possessions of the activated carbon, the masstransfer process, and so on [78,79]. MO is ideally planar molecules and
can therefore easily adsorb on 2D carbon surfaces by π−π stacking
interactions at the aromatic support of the dye and the hexagonal
skeleton [80–83]. Methyl orange (MO) converted to the quinone
structure from the azoic structure in presence of acidic solution of PANI
(Fig. 9a). PANI is acidic in nature due to acidic condition being used for
its preparation. It is also proved by the positive Zeta potential
(+13.5 mV) of PANI. This value is reduced to 12.4 mV when PANI is
deposited on the AC surfaces as a composite. It means composite's
dispersion stability slightly increased. The quinone structure of MO has
negative and positive charge terminal and its positive charge terminal is
active compared to the negative charge terminal (Fig. 9b). Negative
charge terminal behaved like neutral due to the sodium ion (Na+) or
other cation. In our previous study it was clear that the polyaniline is
nanoﬁber nature and easily deposited on the 2D carbon surfaces. So,
there is high possibility that the polyaniline will be deposited on the
surface of activated carbon sheets due to its adhesive nature (Fig. 9c).

micropores of the adsorbents, PANI and POAC [65,66]. It can be concluded that the adsorption mechanism was not controlled by IPD
model.

3.7. Comparison of the present adsorbent with other reported adsorbents
Table 5 shows the comparison with present studied adsorbent with
other previously reported adsorbents for the removal of MO from waste
water. As given in the table, it can be seen that the MO removal performance of POAC is better than that of the previously reported adsorbents. Also the synthesis process of the adsorbent material is easy,
inexpensive and reproducible. Hence, it can be used for environmental

Fig. 9. (a). Methyl orange (MO) is converted to the quinone structure from the
azoic structure, (b) the azoic structure approached near to the polyaniline-activated
carbon composite in the solution phase, and
(c) ﬁnally, MO is deposited on the surfaces
of polyaniline-activated carbon composite
through the electron rich N of polyaniline
and by the π-π interaction of activated
carbon. (For interpretation of the references
to color in this ﬁgure legend, the reader is
referred to the Web version of this article.)
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In this work, Polyaniline/activated carbon composite was synthesized and optimized to be used as an adsorbent for the removal of MO
from aqueous solution. Diﬀerent weight percentage of AC was used to
meet its optimum amount in the composite material. In order to investigate the composite material's adsorptive properties a number of
experiment was performed under batch conditions. pH, MO concentration, contact time, adsorbent dosage and equilibrium studies
were performed in detail. Several isotherm model such as Langmuir,
Freundlich and BET were ﬁtted using the equilibrium data obtained
from the adsorption experiment on MO by the composite material.
Highest monolayer adsorption capacity Q of 285 (mg/g) was obtained
with Langmuir isotherm model. However, the best ﬁt of equilibrium
data was observed with BET isotherm model. And MO removal by the
composite material showed a type four adsorption isotherm. To analyze
the rate of adsorption of MO by adsorbent, kinetic study was performed
in detail. It was observed that MO was removed by the adsorbent with
pseudo-second-order kinetics. The BET surface area of the composite
material was found to be 100% more than that of the neat material. The
composite material performed excellent as an adsorbent material towards removal of MO. Hence it can be used as a potential adsorbent
material for dye removal purposes. However, a slow removal of MO by
POAC was noted as limitation of this material in the present study. In
future we are determined to fabricate such composite that can result
into rapid removal of MO from aqueous solution.
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