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ABSTRACT

A multifunction adsorbent, activated carbon (AC)/chitosan composite, was synthesized by
incorporating AC into chitosan based on the ratio of AC to chitosan being 1/1. The simulta-
neous adsorption of aniline and Cu®* from aqueous solution onto AC/chitosan composite
was investigated by a batch procedure. These results showed that an adsorbent dosage of
0.3 g was appropriate, and a contact time of 210 min was convenient for reaching adsorption
equilibriums for aniline and Cu?*. The simultaneous adsorption of aniline and Cu®* was real-
ized in a wide pH range. The adsorption process obeyed the pseudo-second-order kinetic
model. The adsorption behaviors of aniline and Cu®" followed Freundlich and Langmuir,
respectively. No obvious competitive adsorption existed between Cu®* and aniline.
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1. Introduction

Inorganic and organic environmental contaminants
pose a serious problem, because most of them do not
undergo degradation. Aniline is frequently applied as
raw material in the manufacture of dyes, rubbers,
pharmaceutical preparation, plastic, and paint. It is a
toxic pollutant and its presence in wastewater even in
very low concentrations has been shown to be harmful
to aquatic life [1]. Cu®* is an essential trace nutrient to
human where it can be found in tissues, liver, muscle,
and bones. However, in excessive amounts, it is toxic,
which can lead to liver disease, several neurological
defects, and in severe cases, death [2]. Effluents con-
taining Cu®* are widely discharged from industries,
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such as electroplating and mining, and have to be
removed before entering the environment [3].

There are many methods for the removal of
organic pollutants or heavy metals from wastewater,
such as adsorption, chemical oxidation, membrane
process, biological treatment, etc. [4-7]. Among these
methods available, adsorption has been considered as
an effective method for the removal of toxic pollutants
from aqueous environment due to its simplicity of
design, ease of operation, and high efficiency [8-11].
Besides, adsorption is an energy-conserving technol-
ogy in the field of wastewater treatment.

The adsorbent used commonly in wastewater treat-
ment system is activated carbon (AC) because it has a
well-developed pore structure and high-internal sur-
face area. Further, AC can remove highly odorous
dissolved organic compounds from industrial effluents.
Chitosan is a natural product derived by deacetylation
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from chitin. Chitosan has the properties of high hydro-
philicity, non-toxicity, and biodegradability. Moreover,
it is abundant in nature [12]. Chitosan has been proved
to be a particularly interesting adsorbent in the field of
industrial wastewater treatment, especially the removal
of heavy metals due to its high content of amino
(-NH,) and hydroxy (-OH) functional groups, which
have high activity as adsorption sites [13].

Though there has been much interest in the use of
AC or chitosan as adsorbents to remove pollutants
due to their advantages, almost all of these studies
were single systems [14,15]. As we known, both indus-
trial wastewater and domestic sewage are often a mix-
ture of many compounds containing organic and
inorganic pollutants, such as aromatic compounds and
heavy metals. The interactions of these compounds
may mutually enhance or mutually inhibit adsorption
capacity. Recently, simultaneous adsorption of various
organic and inorganic pollutants has increasingly
attracted attention [16,17]. However, there are no
reports about using chitosan or AC to remove organic
and inorganic pollutants from aqueous solutions
simultaneously as far as we know.

In this investigation, an adsorbent, AC/chitosan
composite, was synthesized by incorporating AC into
chitosan. Aniline and Cu®** were selected as model
organic and heavy metal pollutants, respectively.
Simultaneous adsorption characteristics of the obtained
adsorbent towards aniline and Cu®* were examined in
detail with batch experiments.

2. Materials and methods
2.1. Materials

Chitosan [weight-average molecular weight=
100,000 Da, degree of deacetylation=90%] was pur-
chased from the M/s Sinopharm Group Chemical
Reagent Limited Company (China). A commercial AC
powder was provided by the M/s Company of
Xinhua AC in Taiyuan, Shanxi Province (China).
Aniline and copper sulfate were obtained from M/s
Aladdin (analytical grade) and used without further
purification. Aniline stock solution of 1,000 mg/L was
prepared by dissolving 1.00g of aniline in 1L of
deionized water.

The aniline concentration was determined by a
double beam UV-vis spectrophotometer (M/s Unicam
UV-2, China) at 545nm by the naphthyl ethylenedia-
mine azo-photometry. Stock copper solution of 1,000
mg/L was prepared by dissolving 3.9295¢g of copper
sulfate in 1L of deionized water. The copper concen-
tration in the solution was determined by flame atomic
adsorption spectrometry (M/s TAS 990 F, Persee,

China). A pH meter (M/s Leici pHs-3c, Shanghai,
China) was used to measure the pH of solutions in
experiments and pH adjustments of solutions have
been done by diluted HCI and NaOH. Other chemical
reagents used in this study were of analytical grade
and all experiments were conducted in duplicate and
the average values were used for analysis.

2.2. Preparation of AC/chitosan composite

Chitosan powder was dissolved into 2% (v/v)
acetic acid, thereby obtaining a 2 wt% solution. AC
was then added in this solution to a certain propor-
tion. The mixture was coated in culture vessels and
then dried at 60°C to form membranes. Subsequently,
these membranes were soaked in 0.1 mol/L NaOH
solution to separate from these culture vessels. The
membranes were washed with distilled water to
neutral pH and were then dried at 60°C. The dry
membranes were ground to obtain 200-mesh size par-
ticles, which were then used for adsorption studies.

2.3. Adsorption of aniline and Cu**

The adsorption of aniline and Cu** onto AC/
chitosan composite was evaluated by using a batch
procedure. The factors affecting the simultaneous
adsorption of aniline and Cu®* onto AC/chitosan
composite including the ratio of AC to chitosan,
adsorbent dosage, initial aniline (or Cu®*) concentra-
tion, pH value of initial solutions, and contact time
were investigated. Besides, the adsorption isotherms
and kinetics of aniline and Cu®** were measured. In all
adsorption experiments, a certain amount of adsorbent
was placed in a 100 mL erlenmeyer flask, into which
50mL of solution was added. The experiments were
performed in a temperature-controlled water bath sha-
ker at 200 rpm. When the defined time attained, the
resultant solution was filtered by filter paper. Aniline
or Cu®* concentration was then measured. The
adsorption experiments were conducted at 293K, and
a mixed solution of aniline and Cu”* with concentra-
tions of 50 and 100 mg/L, respectively, was tested if
no special instructions.

3. Results and discussion
3.1. Effect of the ratio of AC to chitosan on adsorption

A series of AC/chitosan composite was prepared
by changing the ratio of AC to chitosan to investigate
the effect of such a ratio on adsorption. The results are
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shown in Fig. 1. Original AC and original chitosan
have low removal towards Cu®" and aniline, respec-
tively. However, they show obviously high removal
towards aniline and Cu®', respectively. For aniline,
this composite almost remained high removal towards
aniline when the ratio of AC to chitosan in this com-
posite material changed from 1/0.5 to 1/1.25. How-
ever, the removal towards aniline decreased slowly
with a further decrease in this ratio. A decrease in this
ratio indicates a decrease in AC content in this
composite. Decreasing content of AC resulted in a rea-
sonable decrease in the removal towards aniline. For
Cu?*, a slight increase in Cu** removal was observed
when the ratio of AC to chitosan changed from 1/0.5
to 1/1.875. This trend can be explained by the fact that
when the ratio of AC to chitosan decreases, the
content of chitosan in this composite increased, thus
promoting the removal towards Cu**. Considering the
removal of aniline and Cu®*, as well as the compatibil-
ity between AC and chitosan, the ratio of AC to
chitosan was fixed at 1/1 in this composite.

3.2. Effect of adsorbent dosage on adsorption

In this experiment, the adsorbent dosage varied
from 0.1 to 0.5g. As shown in Fig. 2, the removal
towards aniline and Cu”* increased from 84.0 to 97.0%
and from 61.0 to 98.4%, respectively, when the adsor-
bent dosage increased from 0.1 to 0.3 g. This increase in
removal may be attributed to the increasing sites avail-
able for adsorption as increasing adsorbent dosage [18].
However, these removals remained almost constant
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Fig. 1. Effect of the ratio of AC to chitosan on adsorption.
Adsorbent dosage: 0.3 g; initial aniline -Cu®* concentration:
50 and 100 mg/L; temperature: 20°C; at natural pH; contact
time: 40 min.
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Fig. 2. Effect of adsorbent dosage on adsorption. Initial
aniline-Cu®" concentration: 50 and 100 mg/L; temperature:
20°C; at natural pH; contact time: 40 min.

when the dosage exceeded 0.3 g. The constant removal
resulted from the adsorption of aniline and Cu®*
saturated. This study utilized 0.3 g of adsorbent dosage
for the following experiments.

3.3. Effect of initial aniline and Cu®* concentrations on
adsorption

Adsorption experiments were performed in single
systems to investigate the effect of initial aniline
(or Cu**) concentration on adsorption. The results in
Fig. 3 show that the removal toward both aniline and
Cu®* decreased when increasing the concentrations of
aniline and Cu®". The removal towards aniline
decreased from 97.6 to 78.8% when the initial aniline
concentration increased from 20 to 250mg/L. The
removal towards Cu®" decreased from 97.1 to 70.3%
when the initial Cu** concentration increased from
100 to 600mg/L. This decrease in removal can be
explained by the fact that at low concentrations, the
ratio of available sites to initial concentration was
high, thus increasing the removal. However, at high
concentrations, this ratio became low, thus decreasing
the removal [19]. When initial aniline and Cu*'
concentrations are lower than 150 and 300mg/L,
respectively, these removals of aniline and Cu*" were
higher than 85%.

3.4. Effect of pH value of solutions on adsorption

The initial pH of a system is known to be an
important parameter for adsorption due to the influ-
ence of pH value of solutions on the adsorbent surface
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Fig. 3. Effect of initial aniline and Cu®* concentrations on adsorption. Adsorbent dosage: 0.3 g; temperature: 20°C; at

natural pH; adsorption time: 40 min.

properties and existing forms of aniline or Cu®*. The
pH values of solutions ranging from 4 to 9 were inves-
tigated in order to avoid the solubility of chitosan in
acid and the precipitation of Cu®* in alkali. A mixed
solution of aniline and Cu** with concentrations of 50
and 20 mg/L, respectively, was tested. The results are
shown in Fig. 4. It was found that the adsorption of
aniline and Cu** did not favor at low pH values. For
aniline, the pKa value of aniline at 20°C is approxi-
mately 4.6 [20]. When the pH value of the solution
exceeds the pK, of aniline, aniline molecules exist in
the solution. When the pH value of the solution is
lower than 4.6, aniline molecules are ionized to the
positively charged anilinium ions, and a part of -NH,
groups in chitosan was protonated into -NHJ. At low
pH (<5), it was difficult for anilinium ions to approach
AC due to the repulsive interaction between -NHj
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Fig. 4. Effect of pH of solutions on adsorption. Initial
aniline-Cu®* concentration: 50 and 20 mg/L; adsorbent
dosage: 0.3 g; temperature: 20°C; adsorption time: 40 min.

and anilinium ions, thus low removal towards aniline
was observed. However, at high pH (>5), high
removal towards aniline may be attributed to this fact
that aniline molecules were prone to be adsorbed onto
AC in this composite by the Van der Waals force. For
Cu®", at low pH (<5), the chelation between Cu** and
chitosan weakened due to the protonation of —-NH,
groups in chitosan, resulting in low removal towards
Cu**. However, at high pH, high removal was
observed. This high removal may be attributed to the
form of hydroxide precipitation (Cu(OH),). In this
study, the removal towards Cu** was performed by
adsorption. Therefore, the pH of the solution should
be lower than the critical pH of hydroxide precipita-
tion in order to avoid the form of hydroxide precipita-
tion. In this study, the pH values of solutions were
unadjusted because the pH values of mixed solution
tested were in the range of 5-6.

3.5. Effect of contact time on adsorption

Fig. 5 shows the removal towards aniline and Cu®*
at different contact time. With increasing contact time,
the removal towards aniline reaches a platform in a
short time, while the removal towards Cu®" increases
slightly and then gradually approaches a constant
value denoting equilibrium. Approximately 40 and
210 min are adequate to attain the adsorption equilib-
rium for aniline and for Cu®*, respectively. The results
show that aniline was adsorbed quickly by this com-
posite compared with Cu®** when aniline and Cu**
existed in solutions simultaneously. This is because
that the adsorption of aniline onto this composite was
mainly realized by the Van der Waals force between
aniline and AC, which was attributed to a physical
adsorption, the adsorption of aniline was conducted
quickly. However, Cu®* was mainly adsorbed by the
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Fig. 5. Effect of contact time on aniline (a) and Cu®* (b) adsorption. Adsorbent dosage: 0.3 g; temperature: 20°C; at natural pH.

chelation between Cu?" and chitosan, which was
attributed to a chemical adsorption, thus this adsorp-
tion was a slow process relative to the physical
adsorption. Also, the results suggest that aniline and
Cu”®* were adsorbed at different adsorptive sites
in this composite. Considering that no significant
increase in the removal towards aniline or Cu®*
occurred after 210 min, the equilibrium time of 210
min was chosen and used in subsequent experiments.

To examine the controlling mechanism of the
adsorption process further, the kinetic models are
often used to test the experimental data. In this study,
the adsorption kinetics of both aniline and Cu®* were
analyzed according to the pseudo-second-order Lager-
gren equation [21] (Eq. (1)).

t 1 t

=—+— (1
g ki ge
where g, (mg/L) and g; (mg/L) are the amounts of
adsorbed aniline (or Cu®*) on this composite at equi-
librium and at time t, respectively. k, (g/mg/min) is

rate constant for pseudo-second-order model and kg2
is the initial adsorption rate of aniline (or Cu**). The
slope and intercept of the plot t/g; vs. t (Fig. 6) denotes
the rate constant and adsorption capacity, respectively.
The parameters as obtained from the linearized plots
are given in Table 1. As observed, the calculated
adsorption capacity g, (cal) for pseudo-second-order
model was much more closer to the experimental
adsorption capacity g. (exp) for various aniline
(or Cu*") concentrations whether in single systems or
in mixed systems confirming the applicability of
pseudo-second-order model. These results are also
confirmed by high-correlation coefficient values
(>0.999) for pseudo- second-order model (Table 1).
Hence, the pseudo-second-order model can represent
their sorption kinetics well. The pseudo-second-order
rate constant (k,) decreased as the initial aniline (or
Cu®") concentrations increased. Besides, it was
observed that the rate constant, k, values for aniline
and Cu®* were obtained at 0.154 and 0.061 g/mg/min,
respectively, when a mixed solution with 50mg/L
aniline and 100mg/L Cu** was tested. This result
indicated again that aniline was prone to be adsorbed
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Fig. 6. Pseudo second-order kinetics model for the adsorption of aniline (a) and Cu®* (b) in single and mixed systems.

Adsorbent dosage: 0.3 g; temperature: 20°C; at natural pH.

Table 1

Pseudo-second-order parameters for the adsorption of aniline and Cu®*

Single systems

Mixed systems

Parameters

Adsorbate  Concentration/mg/L  k, e (cal) g, (exp)  R? ks e (cal) g, (exp)  R?

Aniline 20 1.107 3.214 3.235 0.9999 5.754 3.226 3.247 1.0000
50 0.543 7.941 8.023 0.9999 0.154 8.125 7.957 0.9999
100 0.186 15.547 15.683 0.9999 0.122 15.361 15.320 0.9999

Cu** 100 0.034 16.734 16.595 1.0000 0.061 16.439 16.227 0.9999
200 0.006 33.223 32.492 0.9991 0.007 32.051 31.480 0.9992
300 0.004 44.683 43.867 0.9998 0.004 44.346 43.346 0.9997

quickly as compared with Cu®* when they coexisted
in solution, which was consistent with the above phe-
nomenon mentioned.

3.6. Adsorption isotherms

To describe solid-liquid adsorption systems, two
isotherms, namely Langmuir and Freundlich have
been adopted. Langmuir model assume that there are
fixed numbers of active sites on the surface of adsor-
bent [22]. However, each of this active site is only

available for one absorbate molecule to be occupied.
Once all the active sites were fully occupied, the sur-
face of the adsorbent will form a homogeneous surface
of monolayer adsorption. To explain the behavior of
the adsorption on the equilibrium condition, the line-
arized form of Langmuir equation was applied and
can be represented by the following:

C 1 C
4= (2)
g. Qb Q
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where C, (mg/L) is aniline (or Cu®") equilibrium
concentration in the solution, g, (mg/g) is the adsorp-
tion capacity, 4. (ng/g) represents maximum amount
of adsorption required to form a homogeneous
monolayer at this adsorbent, and b (L/mg) denotes
Langmuir constant to give an account on adsorption
energy. The intercept and slope of the linear plot
between C,/g. vs. C, gives Langmuir constant, b and g,,
respectively.

Freundlich isotherm has been used to characterize
the heterogeneous surface of the adsorbent [23]. It is
valid for multilayer adsorption on the surface of the
adsorbent where there is possibility that the amount
of adsorbate being adsorb on the adsorbent surface is
not constant. Its linearized form can be expressed as:

1
logg, = log K¢ + Elog C, 3)

where K; (mg/g(L/ mg)'/") and n are Freundlich
constants for the adsorption capacity of the adsorbent
and the intensity of adsorption, respectively. From the

Q. Liu et al. | Desalination and Water Treatment 55 (2015) 410419

linearized equation of Freundlich, the slope of the
graph represents the constant 1/n, while the intercept
depict the constant log Ky In addition, the value of n
obtained expressed the favorability of the adsorption
process. To exemplify, value of n>1 shows a favor-
able adsorption.

To compare the results between Langmuir and
Freundlich for the adsorption of aniline (or Cu**) onto
this composite, the parameters as obtained from the
linearized plots (Figs. 7 and 8) are listed in Table 2.
From Table 2, the values of the correlation coefficient
for Freundlich isotherms were found to be higher than
the ones for Langmuir, thus the adsorption of aniline
onto this composite followed Freundlich isotherm
whether in single systems or in mixed systems, as
shown in Fig. 8. However, the adsorption capacities
obtained in single systems were similar to the ones in
mixed systems under the same adsorption tempera-
ture, suggesting the presence of Cu®* had no obvious
effect on the adsorption of aniline onto this composite.
Besides, the adsorption of aniline was favorable due
to the values of Freundlich constant n (>1). However,
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Fig. 7. Langmuir isotherm for the adsorption of aniline (a) and Cu** (b) in single and mixed systems. Adsorbent dosage:

0.3 g; at natural pH; contact time: 210 min.
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Fig. 8. Freundlich isotherm for the adsorption of aniline (a) and Cu®* (b) in single and mixed systems. Adsorbent dosage:
0.3 g; at natural pH; contact time: 210 min.

the adsorption of Cu** was described well by
Langmuir isotherm due to higher correlation coeffi-
cients as compared with Freundlich isotherm. The
adsorption capacities both in single systems and in
mixed systems were found to closely correspond with
each other. This result indicated that the presence of

aniline also had no obvious effect on the adsorption of
Cu** onto this composite.

Based on the above analyses, a conclusion can be
drawn that there was no competitive adsorption
between Cu®" and aniline. In other words, within the
concentration ranges used in the present study, the

Table 2

Langmuir and Freundlich isotherm parameters for the adsorption of aniline and Cu®*

Isotherms Langmuir Freundlich

Adsorbate Temperature (K) Q (mg/g) b (L/mg) R? K¢ (mg/g(L/ mg)'’'")  n R?

Aniline in single systems 293 36.32 0.096 0.9968  4.809 2.071  0.9983
303 40.44 0.117 0.9903 5.315 1.884  0.9947
313 33.80 0.104 0.9952  5.165 2282 0.9973

Aniline in mixed systems 293 34.41 0.114 0.9930 4.845 2.089  0.9952
303 38.84 0.112 0.9971 5327 1.997  0.9976
313 33.07 0.112 09775 5.260 2311  0.9757

Cu*" in single systems 293 74.35 0.054 0.9950 11.95 2.849 0.9887
303 72.36 0.070 09956 14.21 3.162 0.9855
313 71.99 0.068 0.9964 13.19 3.014 0.9803

Cu?" in mixed systems 293 72.83 0.051 0.9956 11.59 2.866  0.9907
303 72.62 0.052 0.9950 11.63 2.871 0.9883
313 73.47 0.045 0.9967 9.955 2574  0.9835
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adsorption of Cu®* onto this composite was not
affected by the presence of aniline, and vice versa. As
mentioned in Section 3.5, the adsorption of aniline
was mainly adsorbed onto AC in this composite by
the Van der Waals force, while Cu** was mainly
adsorbed by the chelation between Cu®* and chitosan
in this composite. They were adsorbed at different
sites in this composite. No obvious competitive
adsorption existed between Cu** and aniline just
because of their different adsorption sites. Similar
results have been obtained by Lee et al. [24]. In their
investigation of the simultaneous sorption of lead and
chlorobenzene by organobentonite no significant com-
petition is found between the sorption chlorobenzene
and lead due to their different sorption sites.

4. Conclusions

This work confirmed the potential use of AC/
chitosan composite as a good adsorbent for simulta-
neous removal of aniline and Cu®* from aqueous
solution. In this study, these factors affecting the
simultaneous adsorption of aniline and Cu** includ-
ing the ratio of AC to chitosan, adsorbent dosage,
pH value of solutions, contact time, and initial ani-
line (or Cu*') concentration were investigated. The
result showed that the optimal ratio of AC to chito-
san was 1/1, and the adsorbent dosage was 0.3g.
When initial concentrations of aniline and Cu** were
lower than 150 and 300mg/L, respectively, the
removal towards aniline and Cu** was higher than
85%. A contact time of 210 min was convenient for
reaching adsorption equilibriums for aniline and
Cu®*. The adsorption kinetics for both aniline and
Cu”* followed the pseudo-second-order equation
well. Aniline was prone to be adsorbed quickly
compared with Cu** when they coexisted in solu-
tion. No obvious competitive adsorption existed
between Cu®* and aniline.
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