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ABSTRACT: In this investigation, the porous structure of polyaniline/MgO (PANI/MgO) composites has been successfully synthesized

by in-situ oxidative polymerization method. The as-prepared materials were characterized by Ultraviolet–visible absorption spectros-

copy, Fourier transform infrared spectroscopy, X-ray diffraction, and scanning electron microscopy. The obtained composites, for the

first time, are used as an adsorbent for the removal of the sulfonated anionic dye reactive orange 16 (RO) from aqueous solution.

The equilibrium adsorption isotherms of RO on the PANI/MgO composites were analyzed by Langmuir and Freundlich models, sug-

gesting that the Langmuir model provides the better correlation of the experimental data and maximum adsorption capacity was

found to be 558.4 mg g21. In addition, adsorption kinetics was followed by both pseudo-first-order and pseudo-second-order, but

the latter model matches the results much better than the former one. VC 2013 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2014, 131, 40210.
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INTRODUCTION

The extensive use of dyes in dye-manufacturing industries cre-

ates significant problems due to the discharged of colored waste

water. The presence of very small amounts of dyes in water is

visible and affects the quality of water.1 Hence, color removal

from dye effluents is one of the main concerns of society today.

To date, a variety of methods have been developed for the

removal of dye pollutants from colored effluents, such as biolog-

ical treatment, coagulation/flocculation, ozone treatment, chemi-

cal oxidation, membrane filtration, ion exchange, photocatalytic

degradation, and adsorption,2 each of these has specific advan-

tages and disadvantages. The survey of literature reveals that

adsorption technology with no chemical degradation is a effec-

tive method for color removal due to its economy, simplicity of

design, ease of operation and insensitivity to toxic substances,

but it application is limited by the high price of some adsorb-

ents and the large amounts of waste water normally involved.

Therefore, searching for novel alternative adsorbents with high

adsorptive capacity and low producing cost should be of consid-

erable significance for practical application of adsorption.3

Recently, some investigators directed their research toward

application of polyaniline (PANI) for environmental remedia-

tion. PANI is considered to be one of the most promising

classes of organic conducting polymers due to their well-defined

electrochemistry, easy protonation reversibility, excellent redox

recyclability,4 good environmental stability,5 and variety of

nanostructured morphologies.6 For example, Mahanta et al.7

used PANI emeraldine salt (ES) for the removal of sulfonated

dyes. Ai et al.8 reported that the PANI microspheres possess

potential efficiency to removal methyl orange from aqueous

solution. However, the use of PANI powders could be limited

by the polymer surface area. To overcome these limitations,

using nanostructured PANI or incorporating functional materi-

als, inorganic metal oxide nanoparticles, heteropolyacidic

anions, etc.9,10 The principle is based on the chelating properties

attributed to the electron-donating groups (large number of

amine and imine functional groups) on the PANI polymers.11

Zang et al.12 reported nitrogen doped cuprous oxide exhibits

good optical and electrical properties.

In this regard, inorganic nanomaterials due to their surface

area, corner defect sites, and thus a large fraction of atoms are

available for chemical reaction. Several researchers have shown

use of nanocrystalline metal oxides like MgO, c-Al2O3, MnO2,

and Zn-Al layered double hydroxides and oxides as adsorbents

for the removal of pollutants.13–16 Among these materials,

porous metal oxides, in particular MgO/Mg(OH)2, have prom-

ising applications as adsorbents in water treatment because of

their low production cost, minimal environmental impact and

essential for plant, animal, and human life. Accordingly, porous

MgO adsorbents template with different structure-directing

agents are extensively used as effective sorbents for reactive and

vat dyes in waste water.17,18 Furthermore, as the pH of zero
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point charge (pHzpc) of MgO is 12.4,19 it is a suitable adsorb-

ent for the adsorption of anions due to its favorable electrostatic

attraction mechanism. Up to date, few researchers have been

made to Fe2O3/PANI,20 SiO2/PANI,21 and PANI/CS22 for the

removal of organic dyes from aqueous solution. To our knowl-

edge, a novel polymer composite that composes of PANI

enwrapping nanosized MgO nanoparticles (PANI/MgO) synthe-

sis and relation to its physicochemical structure has not yet

been reported. Hence, the objective of this work was to develop

simple and cost effective method for the removal of reactive

orange 16 (RO) dye from aqueous solution using PANI/MgO

composites. The effects of some important parameters such as

pH, exposure time, initial dye concentration, and adsorbent

dosage on the adsorption capacity of PANI/MgO have been

investigated. The advantages of using PANI/MgO composites

onto RO dye is higher adsorption capacities than previous

reported pristine PANI and MgO nanoparticles. This result is

explained that porous PANI/MgO composites may have a

higher surface area and larger number of binding sites available

to interact more with anionic dye RO occurs.

EXPERIMENTAL

Materials

Monomer aniline (Merk) was distilled under reduced pressure

and stored in dark below 4�C. Ammonium peroxydisulfate

(APS), hydrochloric acid, magnesium chloride (MgCl2 6H2O),

and sodium hydroxide were obtained from S.D. Fine Chemicals

Ltd., and used without any further purification. Analytical grade

RO (formula: C20 H17 N3 Na2 O11 S3, molecular weight: 617.54

g mol21, kmax: 494 nm) was used to prepare stock solutions of

500 mg L21, which were further diluted to the required concen-

trations before use. RO is a reactive dye bearing an azo group

as chromophore and a sulfato-ethylsulfone as the reactive group.

Double distilled water was used to prepare all the solutions.

Preparation of MgO Nanoparticles

The MgO nanoparticles were synthesized via the method

reported by Moussavi and Mahmoudi23 with a slight modifica-

tion. The procedure was as follows: 5 g of MgCl2.6H2O was dis-

solved in 100 mL distilled water in 500 mL beaker, into which

100 mL of 1M NaOH solution was added slowly and rapidly

stirred for 4 h to generate the magnesium hydroxide precipi-

tates. Then, it was allowed to settle for 24 h to obtain white

precipitate was washed several times with distilled water, dried

overnight in an oven at 60�C and finally calcined at 400�C for

2 h in a muffle furnace to get MgO nanoparticles.

Synthesis of PANI

PANI was synthesized by chemical oxidation coupled with poly-

merization in the presence of HCl using ammonium persulfate

[(NH4)2S2O8] as an oxidant. One mL of aniline monomer was

dissolved in 1M HCl (80 mL) solution and stirred for 15 min.

Then 2.49 g of APS was dissolved in 20 mL of 1M HCl was

added drop wise into the above solution and continuously

stirred for 2 h at 4�C. During the addition, the solution became

green color indicating the formation of PANI. The resulting

product was collected by filtering and washing with deionized

water and methanol, and dried in air oven at 60�C for 24 h.

Preparation of PANI/MgO Composites

PANI/MgO composite were prepared by the same way of PANI in

the presence of MgO nanoparticles. Aniline (1 mL) was dissolved

in 1M HCl to form aniline solution. Synthesized MgO nanopar-

ticles were dispersed into aqueous 1M HCl solution via sonication

for 10 min to obtain uniform suspension, which was added to the

aniline solution to keep the MgO nanoparticles suspended in the

solution. To this reaction mixture, 2.49 g of APS (NH4)2S2O8 in

1M HCl, which act as oxidant was added slowly with continuous

stirring at 4�C. After complete addition of the oxidizing agent, the

reaction mixture was kept under stirring for 2 h. The greenish

black precipitate of the polymer was recovered by vacuum filtra-

tion and washed with deionized water. Finally, the obtained com-

posite (PANI/MgO) was dried in an oven at 80�C for 24 h to

achieve a constant weight. Preparation process of PANI/MgO com-

posites is shown in Scheme 1. Several composites were synthesized

with different wt % of MgO (0.5, 1.5, 2.5, and 4 wt %) with respect

to the monomer. The corresponding composites were designed as

PANI/MgO0.5, PANI/MgO1.5, PANI/MgO2.5, and PANI/MgO4.

Adsorption Experiments

Adsorption experiments were conducted at contact time, initial

dye concentrations, adsorbent dosages, and various solution pH

Scheme 1. Schematic process of the formation of the PANI/MgO composites. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]
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values in batch mode. The solution pH was adjusted to a given

value by adding either 0.1 mol L21 HCl or NaOH solution

before adsorption experiment. Adsorption experiments were

conducted in a conical flask containing given volume of dye

solution and required dosage of adsorbent were stirred on a

magnetic stirrer with agitation speed of 100 rpm at room tem-

perature. During this process, samples were collected from the

reaction beaker at different time intervals, and the residual con-

centration of dye was determined by UV–vis absorption spec-

troscopy at 495 nm. The equilibrium adsorption capacity qe was

determined by the following equation:

qe5
Co2Ce

M
V (1)

where Co and Ce are the concentrations of RO in aqueous solu-

tion at initial time and at equilibrium time, respectively (mg

L21); V is the volume of RO solution (L); M is the mass of

adsorbent (mg). The dye removal efficiency was calculated using

the following equation:

Removal efficiency ð%Þ5 Co2Ce

Co

3100 (2)

Instrumentation

The morphology of the samples was characterized by high reso-

lution scanning electron microscopy (HRSEM-FEI Quanta FEG

200 and HRTEM-CM200 model) with an accelerating voltage of

30.0 kV. Powder X-ray diffraction (XRD) study was carried out

using PHILIPS-1710 X-ray diffractometer. Cu Ka radiation

(k 5 1.5418 A
�
) was used with a scan rate of 0.02 V in the 2h

range of 10–80�. Fourier transform infrared spectroscopy (FT-

IR) spectra of the samples were measured on a PerkinElmer

2000 Model spectrophotometer at a resolution of 2 cm21 using

the KBr technique. Ultraviolet–visible (UV–vis) absorption

spectra were measured on a SHIMADZU (UV-2401pc). The pH

measurement were carried out with a digital pH-meter (ELICO

LI120) equipped with a glass electrode.

RESULTS AND DISCUSSION

Characterizations

FT-IR spectrum is used to analyze the functional groups, nature

of bonding, and the chemical structure of compounds. The FT-

IR spectra of the MgO nanoparticles, PANI, and PANI/MgO

composites are presented in Figure 1. As shown in Figure 1(a),

the broad vibration band at 3420 cm21 is associated with the

OH stretching vibrations of water molecules (physical adsorbed

molecular water), while those at 1624 cm21 are associated with

their bending mode. The band at 1420 cm21 is characteristic

absorption peak of CO3
22, whereas the band at 1115 cm21 is

attributed to the asymmetric stretching vibrations CO group.

The band at 3700 cm21 is associated with the vibration of mag-

nesium hydroxide. Due to its alkaline and high activity after cal-

cinations treatment in this study, MgO sample easily absorbed

the CO2 and H2O in the air. The wide, strong absorption band

at 436 cm21 is the stretching vibration of MgO.24 From the

spectrum of Figure 1(b), the PANI exhibits characteristic peaks

around 3437 cm21 is attributed to NAH stretching mode,25 the

C@N and C@C stretching of quinoid and benzenoid units

occur at 1667 and 1460 cm21, respectively. In addition, the

bands at 1391 and 1333 cm21 are assigned to the CAN stretch-

ing of benzenoid unit while the band at 1115 cm21 is due to

“electronic-like band” and is considered to be a measure of the

degree of delocalization of electrons, is a characteristic peak of

the doped PANI.26 The band at 805 cm21 is associated with

CAC and CAH for benzenoid ring.27 The FT-IR spectrum of

MgO impregnated PANI composites [Figure 1(c)] represents the

same characteristic peaks with the PANI. However, the corre-

sponding peaks are shifted to the lower wave numbers, besides

their intensities are changed after the MgO nanoparticles addi-

tion. The peaks of the PANI around 1667, 1460, and 1115 cm21

are shifted to 1656, 1449, and 1103 cm21, respectively. Theses

shifts of characteristic peaks of the PANI may be the result of

the interactions between the PANI chains and MgO nanopar-

ticles, which affect the electron densities and bond energies of

the PANI.28,29 The shifting of lower wave numbers may be

shows the increasing the electron density of PANI chains. Fur-

thermore, the sharp band at 471 cm21 can be assigned to MgO

stretching vibrations. This indicates that the PANI/MgO compo-

sites exhibit both the characteristic band of PANI and MgO,

which confirms the presence of both components in the

composites.

The absorption spectrum of the MgO nanoparticles

[Figure 2(a)] exhibits three absorption peaks around 338, 499,

and 666 nm, which is the characteristics of MgO nanoparticles.

As reported previously by some researchers ES form of PANI

show usually three characteristic absorption bands at 300–330,

400–430, and 500–700 nm.30 Similarly, we observed the free

Figure 1. FT-IR spectra of (a) MgO, (b) PANI, and (c) PANI/MgO.

[Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]
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PANI has three characteristic peaks at 280, 37 (small shoulder),

and broad absorbance band around 619 nm. On comparison to

free PANI, the absorbance bands at 280 and 371 nm have red

shifted and move to higher wavelength of 310 and 400 nm,

respectively in PANI/MgO might due to the interaction increase

with decreasing PANI content in the composite. The similar

red-shift has been also observed in SnO2/PANI composites.31 In

addition to these peaks, we observed new features at 510 and

670 nm could be due to the MgO nanoparticles that have

chemically interacted with PANI. This result indicates that

the PANI molecules might form a partial bond with MgO

nanoparticles.

The XRD patterns of MgO nanoparticles, PANI, and PANI/

MgO composites were shown in Figure 3. The MgO nanopar-

ticles (curve a) shows, all the diffraction peaks matched well

with the face centered cubic structure of MgO (JCPDS No. 87–

0653). The major peaks at 2h values of 37.1�, 43.0�, 62.4�,
74.8�, and 78.6� can be indexed to the lattice planes of (111),

(200), (220), (311), and (222), respectively. Furthermore, no

characteristic peaks from other crystalline impurities were

detected by XRD, suggesting that the product was pure magne-

sium oxide. In addition, crystallite size was calculated using

Scherrer formula32 for MgO nanoparticles was fund to be 54.6

nm. In the pattern of pure PANI [Figure 3(b)], the peak cen-

tered at 2h 5 20� is ascribed to a periodicity parallel to the

polymer chain, while the peak at 2h 5 25� is due to the perio-

dicity perpendicular to the polymer chain.33 The former peak

represents the characteristic distance between the planes of ben-

zene rings in adjacent chains or the close contact interchain dis-

tance,34 while the latter peak maybe assigned to the scattering

from PANI chains at interplanar spacing35,36 and indicates that

the PANI has also some degree of crystallinity. From this Figure

3(c), PANI/MgO composites show the peaks corresponding to

PANI and no additional characteristic peaks of MgO nanopar-

ticles were appeared. However, it is observed that small defined

MgO peaks at 2h 5 36� and 42� corresponding to the planes of

(111) and (200), respectively. This result may be attributed to

low MgO/Aniline molar ratio and polymerization degree of the

PANI. The similar behavior was observed by Eskizeybek et al.

and Divya and Sangaranareyanan37,38

FESEM measurements were carried out in order to deduce the

morphology of the synthesized MgO, PANI, and PANI/MgO

composites are shown in Figure 4. It can be seen that MgO

nanoparticles [Figure 4(a)] synthesized by a precipitation pro-

cess are irregular rod-like structure, with few aggregates due to

their high surface energy. Similar results were observed by

Mageshwari and Sathyamoorthy.39 From Figure 4(b), it is

observed that the pure PANI reveals presence of the rod-like

aggregate structure. This may perhaps be attributed to the sec-

ondary growth of the PANI structures during the early stage of

polymerization. The same observations can be found in the lit-

erature.40,41 However, Figure 4(c) shows the porous nature of

PANI/MgO composites confirming the difference in the particle

sizes of the two materials, which is also reflected from UV–vis

spectra [Figure 2(c)]. A tremendous change in the morphology

of the composite occurs due to the presence of Mg21 makes the

growth rate of PANI greatly increased, which improve the

Figure 3. XRD patterns of (a) MgO, (b) PANI, and (c) PANI/MgO.

[Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]

Figure 2. UV–vis spectra of (a) MgO, (b) PANI, and (c) PANI/MgO.

[Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]
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density of nucleation. Consequently, a transition metal ion such

as Mg21 has multiple doping positions and may bind to several

nitrogen sites in PANI chains by coordination.42 Furthermore,

the absence of any MgO nanorods or flake indicated that

reduces the particle size and increase the surface area/internal

space of the composites. This sphere like particles ensures a

high reaction rate which enables greater adsorption of dye mol-

ecules from waste water (environmental applications). At high

magnification [Figure 4(c)], we clearly observed that these

spherical particles are residing on the surface of PANI matrix.

Adsorption Properties

Comparison of RO Adsorption with Different Adsorbents.

Adsorption capacity of RO as a function of contact time with

different adsorbents, namely PANI, MgO, and different wt % of

MgO nanoparticles incorporated PANI composites are shown in

Figure 5. It is obvious from these results that the adsorption

capacity of PANI/MgO composites was higher than that of both

PANI and MgO, which may be explained by a synergy between

PANI and MgO. The enhanced adsorption capacities of PANI/

MgO composites can be explained the following reasons: (1)

Introduction of MgO nanoparticles onto PANI provided many

active sites (hydroxyl and amino groups) on the surface of

PANI/MgO composite. (2) The PANI/MgO composites have

much larger surface areas and macroporous or mesoporous

structures compared with PANI and MgO; this has been proved

by the result of SEM analysis. (3) MgO nanoparticles embedded

in polymer matrix expanded adsorption capacity due to electro-

static attraction between the protonated amino groups of PANI

and anionic dye ions affected the adsorption.43 Further the

experimental conditions, intermolecular reactions, and hydrogen

bonding between adsorbate and adsorbent played important

roles in the removal of RO. The effect of MgO ratio on the

adsorption properties of the synthesized PANI/MgO composites

are also presented in Figure 5. The dye removal efficiency

increased with the increase of MgO ratio. This result can be

explained by the greater number of adsorption sites for dye

molecules made available at greater MgO nanoparticles.44,45

Increasing the MgO ratio up to 4% did not affect the removal

of RO dye. Therefore, we selected the optimum ratio of MgO

nanoparticles (4%) with PANI composites was used as adsorb-

ent for dye removal in the following study. The saturation

adsorption capacities of PANI, MgO, and PANI/MgO4 were

measured as 443, 512, and 788 mg g21, respectively. At the

same time, it can be seen 5 min of adsorption time, adsorption

capacity of RO onto PANI, MgO and PANI/MgO reached

sharply to 335, 456, and 740 mg g21, respectively. However,

with further increase in adsorption time from 5 to 40 min,

Figure 4. SEM images of (a) MgO, (b) PANI, and (c, d) 5 and 2 lm of PANI/MgO.
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corresponding qe of RO onto three adsorbents increased only by

108, 56, and 48 mg g21, indicating that the adsorption equili-

briums had been achieved. It indicated that the adsorption

capacity of PANI/MgO toward RO was better than both acti-

vated carbon and natural material in previous research.46,47

Effect of Contact Time and Initial Dye Concentration. The

adsorption of RO on PANI/MgO composites at different initial

dye concentrations (50–250 mg L21), pH (7) and adsorbent

dosage (0.1 g L21) was analyzed as a function of contact time

to depict the equilibrium time. The effect of initial dye concen-

tration and time on the adsorption of RO by PANI/MgO com-

posites is shown in Figure 6. Amounts of RO adsorbed

increased rapidly within the first 5 min and remained almost

unchanged after 40 min, indicating an equilibrium state. The

increased activity at initial stage could be due to the availability

of more adsorption site on PANI/MgO composite surface, and

gradual occupancy of these sites reduced the reaction rate and

the adsorption becomes less efficient. It is observed that the

removal efficiency of low concentration (50 mg L21 was

achieved 73%), could be due to the faster movement of dye

into the activated sites of composites. However, in higher con-

centration the removal rate was decreased (250 mg L21 was

21.5%) due to saturation of the adsorption sites. The shorter

the contact time in an adsorption system, the lower would be

the capital and operational costs for real-world applications.

The contact time obtained in this study for equilibrium adsorp-

tion is shorter than most of the reported values for dye adsorp-

tion onto other adsorbents.23,48

Effect of Adsorbent Dosage. The effect of adsorbent dosage

(varied from 0.1 to 0.5 g L21) on the percentage removal of 100

mg L21 RO solution at pH 7.0 is shown in Figure 7(a). The

percentage removal of RO from the solution increased from

72.3 to 92.7% as the adsorbent dosage increased from 0.1 to 0.5

g L21. Increased adsorbent concentration implies a greater sur-

face area of PANI/MgO composites and, consequently, a greater

number of binding sites. However, the adsorbent doses 0.4 and

0.5 g L21 had not significantly increased the removal efficiency

Figure 5. Removal efficiency of RO dye (100 mg L21) with time in pres-

ence of 0.1 g L21 PANI (a), MgO (b), PANI/MgO0.5 (c), PANI/MgO1.5

(d), PANI/MgO2.5 (e), and PANI/MgO4 (f) at pH 7. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 6. Effect of initial dye concentration varied from (50–250 mg L21)

with time in the presence of PANI/MgO under the experimental condi-

tions: adsorbent dose; 0.1 g L21, pH 7. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]

Figure 7. (a) Effect of adsorbent dosage varied from (0.1–0.5 g L21) on RO removal by PANI/MgO (dye concentration; 100 mg L21, pH 7). (b) Effect

of pH varied from (3–11) 0n RO removal by PANI/Mgo (dye concentration; 100 mg L21, dosage concentration; 0.1 g L21).
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and adsorption equilibrium rate. The limited removal rate at

high adsorbent dosage could be due to the concentration gradi-

ent between the PANI/MgO composites and dye solution. From

an economic point of view, the adsorbent dosage in the present

all experiments was 0.1 g L21.

Effect of pH. The influence of pH is an important parameter

that determined the adsorption capacity (qe) onto PANI/MgO.

The experiments were carried out in pH range 3–11 and the

results are illustrated in Figure 7(b). After 40 min of adsorption,

RO adsorption capacity (qe) sharply increased to 999 and 993

mg g21 with corresponding pH 3 and 5. Then decreased from

727 to 686 mg g21 with further increasing pH from 7 to 9.

With further increase in the initial solution pH at 11, qe of RO

decreased evidently to 656 mg g21. Therefore, optimum pH

range from RO adsorption onto PANI/MgO was 3–5. This

result can be explained by the fact that more protons were

available to protonate amine groups to form ANH3 group in

pH 3.9,7 thereby enhancing the electrostatic attraction between

negatively charged dye anions and positively charged surface of

PANI/MgO. However, Moussavi and Mahmoudi reported, P.Z.C

of MgO 12.4 was reached at pH 6.0.23 Therefore, the dye anions

can be bound by electrostatic attractions to both PANI and

MgO when the ambient pH was <5.0. Additionally, the increase

in the solution pH beyond 7.0 resulted in the deprotonation of

amine groups and de-doping of composite. Moreover, the pres-

ence of excess OH2 ions may compete with the dye anions. The

results clearly bring out the importance of PANI as well as the

doping level of MgO in its dye adsorption characteristics.

Adsorption Isotherms

The equilibrium adsorption isotherm model, which is the num-

ber of mg adsorbed per gram of adsorbent (qe) versus the equi-

librium concentration of adsorbate, is fundamental in

describing the interactive behavior between adsorbate and

adsorbent. The analysis of isotherm data is important for pre-

dicting the adsorption capacity of the adsorbent, which is one

of the main parameters required for the design of an adsorption

system. The adsorption process is normally described by Lang-

muir and Freundlich isotherms, which are defined by the fol-

lowing equations:

Ce

qe

5
1

KLqmax

1
Ce

qmax

(3)

log qe5log KF1
1

n
log Ce (4)

where qe (mg g21) is the amount of RO sorbed at equilibrium,

qmax (mg g21) the theoretical maximum monolayer sorption, Ce

(mg L21) the equibrium concentration of RO in solution and

KF, n, and KL are empirical constants. Langmuir and Freundlich

parameters are calculated from eqs. (3) and (4), the correlation

coefficient for the Langmuir model was appreciably larger than

that for the Freundlich model (R2L 5 0.991, R2F 5 0.662). The

best-fit Langmuir parameters are qm 5 558.4 mg g21,

Figure 8. (a) Langmuir isotherm and (b) pseudo-second-order kinetic model for the adsorption RO onto PANI/MgO composites. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com.]

Table I. Comparison of Adsorption Capacities of Various Sorbents to Ani-

onic Reactive Dyes

Adsorbent Dyes

Adsorption
capacity
(mg g21) References

PANI
microspheres

Methyl orange 154.56 49

PANI/CS Remazol brilient
blue R

303.03 50

PANI/EPS RO 293.2 51

CS-ZnO/
PANI

RO 476.2 52

MgO Methyl orange 370.0 53

MgO Reactive blue 19 166.7 23

MgO Levafix Fast
Red CA

92.16 54

MgO Reactive blue 19 250 17

PANI/MgO RO 558.4 This work
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KL 5 0.05596, and Freundlich parameters are KF 5 276.69,

1/n 5 1.4125. This result indicated that the experimental date

fitted well with Langmuir iostherm for RO [Figure 8(a)], sug-

gesting the monolayer coverage of dyes on the adsorbent sur-

face. The Freundlich model showed very poor fit for the

experimental data in RO dye and hence the corresponding iso-

therm figure was not shown here. Based on the Langmuir iso-

therm model, the maximum adsorption capacity of PANI/MgO

composites was much higher than that of other adsorbents had

been reported in the previous literatures (Table I), suggesting

that the as-prepared composite possesses more reactive surfaces

due to the presence of high concentrations of edge/corner sites

and other defects. Furthermore, the essential feature of the

Langmuir isotherm can be expressed in terms of a dimension-

less constant separation factor (RL) given by the following (5):

RL5
1

11KLCo

(5)

RL values within the range 0<RL< 1 indicate a favourable

adsorption. In this study, the calculated RL value is 0.1516, thus

the adsorption of RO onto PANI/MgO composites is favorable.

From an environmental perspective, obtaining a relatively high

capacity and short contact time required, present the prepared

prepared new PANI/MgO composites as an attractive and

promising adsorbent for reactive dye removal in practical

applications.

Adsorption Kinetics

Kinetics is important for adsorption studies because it can pre-

dict the rate at which a pollutant is removed from aqueous sol-

utions and provides valuable data for understanding the

mechanism of sorption reactions. To investigate the mechanism

of the dye sorption onto PANI/MgO composites, pseudo-first-

order and pseudo-second-order kinetic models are given by:

log ðqe2qt Þ5log qe2
K1

2:303
t (6)

t

qt

5
1

K2q2
e

1
t

qe

(7)

where qe and qt are the adsorption capacities for adsorbent (mg

g21) at equilibrium and at any time t, respectively; k1 and k2 is

the rate constant of pseudo-first-order and pseudo-second-

order kinetic model (1/min). The calculated kinetic parameters

for RO sorption by PANI/MgO composites are given in Table

II. It seems that, of the two kinetic equations tested, the

pseudo-second-order model best described the kinetic date for

RO sorption by PANI/MgO, based on the correlation coefficient

R2. Pseudo-second-order kinetic model for RO adsorption by

PANI/MgO composite is shown in Figure 8(b). Several earlier

researchers have also shown that pseudo-second-order model

fits well in describing the adsorption process.55–58 The pseudo-

second model suggests that the adsorption depends on the

adsorbate as well as adsorbent and involves chemisorptions pro-

cess in addition to physisorption.

CONCLUSIONS

In summary, a novel PANI/MgO composite was successfully

prepared and used as an effective adsorbent to remove the RO

dye from aqueous solution. The effects of contact time, dye

concentration, adsorbent dosage, and initial pH on the removal

of RO were investigated separately through batch experiments.

The adsorption process of RO onto PANI/MgO composites fol-

lows the pseudo-second-order kinetic model and the experi-

mental results fitted well with Langmuir isotherm model, which

suggest that the adsorption process is monolayer chemisorp-

tions. The monolayer adsorption capacity of PANI/MgO com-

posites obtained was 558.4 mg g21, which was much higher

than that of many other previously reported adsorbents. The as-

prepared PANI/MgO composites are non-toxic material and can

be made in a simple and cost-effective way for waste water

treatment. Therefore, this method is promising potential of this

adsorbent material for dye removal.
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