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Abstract—Self-assembled hollow microspheres poly(o-chloroaniline) (POC) have been synthesized by simple oxida-
tive polymerization of o-chloroaniline using camphor-sulfonic acid (CSA) as dopant acid and ammonium persulfate
(APS) as oxidant. The POC microspheres were characterized by means of FTIR, XRD and SEM analysis. Adsorption
characteristics of POC spheres were studied by using methyl orange (MO) as adsorbate. It was found that adsorption
of MO by POC was better described by pseudo-second-order kinetics than any other kinetic model, such as the pseudo-
first-order and intra-particle diffusion models. Langmuir adsorption isotherm model was the best to fit experimental
data. The results showed that hollow microspheres of POC can be used as novel and low-cost adsorbent for removal

of organic dye from waste water.
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INTRODUCTION

Hollow microspheres of conducting polymers have attracted much
attention for their unique physical and chemical properties [1-3].
During the last decade, hollow micro or nanospheres have shown
promising applications in fields of controlled drug release, stationary
phases for separation, chemical sensor and biosensors, and microen-
capsulation [4-6]. These versatile applications made it an interesting
and important subject in the field of material science [7-9]. Hollow
microspheres are generally synthesized by using spherical particle
as templates [10,11]. Self-assembly method, using ‘soft templates’
such as micelles, attracts much attention for producing hollow micro
or nanospheres of conducting polymers. This approach is inexpen-
sive and simple as it does not involve the required pre- and post-
synthesis procedures to prepare and remove the ‘hard’ templates
[12,13]. Wan et al. prepared hollow microspheres of polyaniline
(PANI) by self-assembly method with salicylic acid and naphtha-
lene-2-sulphonic acid as dopants [14,15]. Travas-Sejdic reported
self-assembly of hollow microspheres of poly(o-methoxyaniline)
with p-toluene sulfonic acid and poly(methyl vinyl etheraltmaleic
acid) as dopant acids, and found that the size and morphology of
the hollow spheres were dependent on the weight ratio of dopant
acid to monomer [16,17]. Hollow spheres of PANI can also be pro-
duced from ‘alkali-guided’ synthesis in which ammonium persulfate
(APS) was used to oxidize aniline in alkaline medium of sodium

"To whom correspondence should be addressed.
E-mail: mohammadzuber@gmail.com, hqtang62@yahoo.com.cn
Copyright by The Korean Institute of Chemical Engineers.

2192

hydroxide or ammonium hydroxide [18].

Dyes are a subject of much interest as they are extensively used
in industries such as plastics, paper, leather, cosmetic and textile.
The presence of dyes in wastewaters from these industries may pose
a potential eco-toxic hazard. Therefore, removing dyes from waste-
waters is very important [19-23]. Several techniques such as chem-
ical oxidation, ion-exchange, precipitation, coagulation, filtration and
adsorption are used for removal of dyes from wastewaters. Among
these, adsorption has the advantage of recycling and reuse of ad-
sorbents [24,25]. For this purpose, several adsorbent materials have
been reported such as banana peels, orange peels, activated carbon,
neem leaf powder, modified sporopollenin, saw-dust, deoiled soya
and rice-husk [26-32]. Similarly, characteristics and photocatalytic
degradation [33] and removal of methyl orange [34] using TiO, with
different composite films have been reported. Azo dye removal from
aqueous solution by organic-inorganic hybrid dodecanoic acid modi-
fied layered Mg-Al hydrotalcite has also been studied [35]. More-
over, conducting polymers have been used in adsorption of dyes
from wastewaters [36,37]. It is well known that PANI emeraldine
salt contains a large number of amine and imine functional groups
with considerable quantities of positive charges, which render it as
an ideal candidate for removal of anionic dyes from waste water
[36,37]. Mahanta et al. reported that the adsorption of dye depended
on the nature of dopant used to synthesize PANI, and Guo et al. re-
ported that the morphology of PANI also affects the adsorption dye
[37]. However, the PANI derivatives have not been studied for ad-
sorption of dye. Herein, we report the synthesis of a hollow micro-
spheres of poly(o-chloroaniline) (POC) in aqueous medium by using
APS as oxidant, and diaminodiphenylamine (DDPA) as an aniline
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oligomer. In the synthesis of microspheres, the CSA was employed
to act as dopant acid, and at the same time the formation of its micelles
in aqueous solution plays a vital role in fabrication of hollow micro-
spheres. To the best of our knowledge, this is the first report to fab-
ricate porous microspheres of POC and use them as adsorbent for
removal of dye from aqueous solution.

EXPERIMENTAL

1. Chemical Reagents

All the chemicals were of analytical grade and used as received.
O-chloroaniline and ammonium persulfate were procured from Sinop-
harm Chemical Reagent Co. Ltd. (Shanghai, China), DDPA from
Tokyo Chemical Industries (TCI), Shanghai, China, camphor-sul-
fonic acids from Aladdin Chemical Reagent Corporation (Shanghai,
China) and methyl orange from Tianjin Chemicals (Tianjin, China).
All the chemicals were of analytical grade and used as received.
Distilled water was used throughout.
2. Synthesis of POC Microspheres

To synthesize POC microspheres, o-chloroaniline (0.48 mmol)
was dissolved in 2.5 mL of D-CSA (3 M), with addition of DDPA
(0.02 mmol). This mixture solution, being referred to as solution A,
was warmed to 60 °C for 1 min and cooled to room temperature
(25 °C). A solution of the oxidant (solution B) was prepared by dis-
solving APS (0.48 mmol) into 2.5 mL of 3M D-CSA solution. Solu-
tion B was rapidly added to solution A and then subjected to vigorous
stirring for ~30 s. After the completion of polymerization reaction in
4 h, the crude product was washed with water and methanol several
times. The cleaned product was dried in oven at 60 °C for 24 h and
used for further analysis. The schematic for the preparation of POC
microsphere is in Scheme 1.
3. Characterizations

FT-IR spectra were recorded with an IR spectrophotometer (Bruker
Vertex 70) between 4,000 and 400 cm™. UV-visible absorption spec-
tra of the polymers were recorded on a UV-visible spectrometer
(Varian Cary 50). The samples were prepared in the pellet form by
using spectroscopic grade KBr powder. The morphological images
of polymers were observed with scanning electron microscope (SEM,
Hitachi S-4800, Japan).
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Scheme 1. Schematic formula of EB and its transformation to ES
by protonation.

4. Adsorption Experiments

We used methyl orange (MO) since it has often been used as a
model dye to probe the photo degradation chemistry occurring on
semiconductor particles [38]. All of the adsorption experiments were
at room temperature. An aqueous solution of MO (500 mg L™) was
prepared by dissolving MO in double distilled water. Aqueous solu-
tions of MO with different concentrations were obtained by dilut-
ing the stock solution with water. A calibration curve was plotted
between the absorbance (at maximum wavelength 464 nm) and the
concentration of MO based on the absorption spectra of the stan-
dard solutions (1.25-30 mgL™") by UV-Vis absorption spectroscopy.
To study adsorption kinetics, POC microspheres (10 mg) were dis-
persed in 40 mL of MO solution (30 mg L") and the mixture was
stirred magnetically. An appropriate amount (2 mL) of the mixture
was taken out at predetermined time intervals and centrifuged at
5,000 rpm for 5 min. The residual concentration of MO in the super-
natant liquid was determined by UV-Vis absorption spectroscopy.
For the isotherm experiments, the contact time was controlled at
3 h. The amount of MO adsorbed on the POC microspheres was
calculated according to Eq. (1):

C,-C,)V
qe:M (1)

m
where q, is the amount of MO adsorbed per gram of POC micro-
spheres at equilibrium (mg g™'), C, and C, are the initial and equilib-
rium concentrations of MO (mg L"), respectively, V is the volume
of solution (L), and m is the mass of the added POC microspheres.

RESULTS AND DISCUSSION

1. Structural Characterization

Structural characterization of the hollow microspheres was by
using SEM analysis, and SEM images are presented in Fig. 1. The
SEM images show the porous and hollow micro-spherical morphol-
ogy in the synthesized product. The microspheres were about 10 um
in diameter, and the diameters of the hollow pores in the micro-
spheres were more than 500 nm.

The UV-visible absorption spectra of as-prepared and de-doped
POC were also studied [39]. The spectrum of the as-prepared POC
shows the absorptions around 900 nm and 400 nm ascribed to the
/7% transition of the polarons, indicating that POC is in its doped
state [40,41]. The FTIR spectrum of POC shows two bands at about
1,502 and 1,577 em™, which can be assigned to the non-symmetric
C, ring modes. The presence of these two bands clearly shows that the
polymers are composed of the amine and imine units. The detailed
FTIR interpretation is presented elsewhere [39]. The XRD pattern
of POC hollow microspheres shows that the product is amorphous
and only one broad peak centered at 26=25° may be ascribed to
the periodicity parallel to the polymer chain [42,43]. The XRD pat-
tern of the POC hollow microsphere was presented in our previous
studies [39].

In our experiments, when CSA was mixed in water, it formed
micelles, and further mixing with monomer these micelles filled
the monomer droplets as shown in Fig, 2. After the addition of APS,
two types of polymerizations led to the formation of porous spheres.
The first one occurred among the monomers in the same micelle
(intra micelle) and the second one between the monomers in dif-
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Fig. 2. Graphical illustration of formation of porous microspheres of POC.

ferent micelles (inter micelle) [44]. After the polymerization was
completed, CSA remained in the pores, which can be removed by
simple dilution or washing by centrifugation. During washing or
diluting by water, the CSA molecules diffused out of pores, giving
microspheres a porous hollow shape. The SEM image (Fig. 1) of
as-prepared microspheres contains CSA in it, which is also dem-
onstrated by the UV-visible spectrum.
2. Use of POC Microspheres as Adsorbents

The different adsorption parameters were studied using various
advanced techniques. Fig. 3(a) represents the UV-visible spectra of
standard methyl orange aqueous solution with different concentra-
tions: 1.25 mg/L to 30.0 mg/L. The value of absorbance increases
with increase in concentration of the standard methyl orange solution.
On the basis of the absorbance value, a straight line was obtained
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in the standard curves.

Herein, we synthesized and used POC porous microspheres as
adsorbent for removal MO dye and found that POC porous micro-
spheres can be used as good adsorbent. Fig. 4 shows the kinetic curve
of MO adsorption on porous POC microspheres. In the first several
minutes, the adsorption process is fast, leading to fast increase of
the adsorption amount of MO (q). Then, the q value is further in-
creased but somewhat slowly, until it reaches a saturated value. Fig.
5 shows the pseudo-first-order and pseudo-second-order kinetic plots
for the adsorption of MO on POC microspheres according to the
pseudo-first-order equation:

Kt
log(q,~q) =logd,~ 5353 ®)
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Fig. 3. (a) UV-visible spectra of standard methyl orange (MO) aqueous solution with different concentrations; (b) the relation between the
concentration and absorbance at 464 nm, the line represent the linear fit of the experimental values.
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Fig. 4. Adsorption kinetic curves for the adsorption of MO on POC
microspheres.

and pseudo-second-order equation:

t 1 t
Se—st— ®
qt k2q§ qe

where g, and g, are the amount (mg g') of dye adsorbed on the POC
microspheres at equilibrium and at time t (min), respectively, k, and
k, is the rate constants (g mg™' min).

Eq. (3) can be written as

9, h

1 1+kq,t

where h can be regarded as the initial sorption rate as qg/t, when t
approaches 0, Hence

h=kq?

Thus, a plot of t/q, against t should give a linear relationship with a
slope of 1/q,. The result shows that the plot of t/q, and t is linear
with R*=0.9998. This shows that the adsorption of MO by POC
porous microspheres can be better described by the pseudo-sec-
ond-order model as compared to pseudo-first-order model (Fig. 5).

The experimental equilibrium adsorption data can be further ana-
lyzed by using different isothermal models: the Langmuir (4), Freun-
dlich (5) and Temkin (6 & 8) equations:

cC. 1 C, 4

Q% Gk a, @
where g, is the maximum monomolecular adsorption capacity (mg
g"), and k, the Langmuir constant (L mg™").
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Fig. 5. A pseudo-first-order (a) and pseudo-second-order (b) kinetic plot for the data in Fig. 4.
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Fig. 6. Langmuir adsorption isotherm of MO on POC porous mi-
crospheres.

logq, = logk -+ rlllogCe S)

The Temkin isotherm contains a factor that explicitly takes into the
account adsorbent-adsorbate interactions, and its derivation is char-
acterized by a uniform distribution of binding energies. The model
is given by the following equation:

RT
9= —b— ln(ATCe) (6)

RT

_ RT
qe7 b

1nA,,,+[ s }mce

_RT
b,
q,=BInA;+BInC, @)

B

where A, is the Temkin isotherm equilibrium binding constant (L/
g); b, is Temkin isotherm constant; R is the universal gas constant
(8.314 J/mol/K); T is Temperature at 298 K and B is a constant related
to heat of sorption (J/mol).

Eq. (7) can be written as:
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Table 1. Comparison of the methyl orange (MO) adsorption capac-
ity of various adsorbents

Adsorption capacity References

Adsorbents O
(mgg™)

Modified sporopollenin 523 [29]
Activated carbon 9.49 [27]
Orange peel 20.5 [26]
Banana peel 21 [27]
POC* porous microspheres 35.21 This work
Hypercrosslink polymer 70.923 [54]
Polyaniline microspheres 154.56 [37]
NH;-MCM-41* 366.57 [55]
PANI* hollow spheres 384.62 [38]

“Poly(o-chloroaniline)
? Ammonium functionalized mobile crystalline material No. 41
‘Poly(aniline)

Fig. 6 shows the adsorption isotherm of MO on POC porous micro-
spheres, which shows that the experimental equilibrium adsorption
of MO onto POC microspheres follows a typical Langmuir-isotherm
model. Fig. 6 also shows that the adsorption MO on porous POC
microspheres follows the Langmuir isotherm model (correlation co-
efficient R?=0.9991) as compared to other models (Fig. 7). Based
on Eq. (4), the value of g,, was found to be 35.21 mg g of MO on
the porous POC microspheres.

Table 1 compares adsorption capacities of POC porous micro-
spheres with other adsorbents used for the adsorption of MO avail-
able in the literature. It can be seen that the POC porous spheres can
be a promising material for the dye removal from aqueous solution.

CONCLUSIONS

Hollow microspheres of POC were synthesized via self-assem-
bly process wherein CSA played a key role in framing hollow porous
morphology. The mechanism proposed for the formation of micro-
spheres was supported by the SEM and UV-visible spectroscopic
data. Adsorption kinetics of POC porous microspheres were stud-
ied by using methyl orange (MO) as an adsorbate. It was revealed
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Fig. 7. Adsorption isotherm of MO on POC porous microspheres fitted by the models of (a) Freundlich and (b) Tempkin.
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that the adsorption of MO by POC followed pseudo-second-order
kinetics and Langmuir-type isotherm model with a favorable adsorp-
tion. The results demonstrated that porous microspheres can be a
good and cheap candidate for the removal of dyes from aqueous
industrial wastes.
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