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compliance with the pseudo-second-order kinetic model.

INTRODUCTION

Dyes are widely used in industries such as the textile,
pulp mill, paper, dye synthesis, leather, food, printing and plastics
industries. Since many of the organic dyestuffs are toxic to
microorganisms and harmful to human beings, removal of
dyestuffs from wastewater has received considerable attention
over the past decades'?. Most of these dyes cause serious
problems for the ecological system, as they are toxic and have
carcinogenic properties, which make the water contaminated
with dyes inhibitory to aquatic living organisms®.

Methylene blue dye gives rise to eye burns, which may
be responsible for permanent hurt to the eyes of human and
animals®. On inhalation, it can cause short periods of difficult
or rapid breathing, but ingestion through the mouth produces
a burning sensation and may cause nausea, profuse sweating,
mental confusion, vomiting, painful micturition and methemo-
globinemia’®. Therefore the treatment of effluent containing
such dye is of great interest owing to its effects on receiving
waters.

Carbon nanotubes have attracted great interest in
multidisciplinary areas owing to their unique hollow tube
structure and various potential applications’®. Carbon
nanotubes have been proposed for different applications such
as sensors, hydrogen storage devices and so on”'’. Because of
their easily modified surfaces and large surface areas, extensive
experiments have been conducted on the adsorption of organic
or inorganic contaminants on carbon nanotubes'"'*>. Methylene
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In this study, the adsorption of methylene blue on carbon nanotubes from aqueous solutions has been investigated in a batch process. |
Experiments have been carried out to investigate the effects of temperature, methylene blue concentration, pH, carbon nanotubes mass on
methylene blue adsorption. The experimental results show that the methylene blue adsorption rate increases with its concentration in the |
aqueous solutions. Methylene blue adsorption also increases with temperature. The removal of methylene blue from the solution increases |
as carbon nanotubes mass increases. The kinetic study manifests that the adsorption of methylene blue on the carbon nanotubes is in good |
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blue is the cationic dye that is most commonly used for
colouring. This dye has been investigated due to its known
strong adsorption onto solids and it usually serves as a model
compound for removing organic pollutants and colored
bodies from aqueous solutions. Therefore, methylene blue was
employed as the organic contaminants to be treated by carbon
nanotubes in this work.

Understanding the kinetic of the adsorption is critical for
the development of more efficient adsorbents suitable for real
environmental applications. In this work, the adsorption
kinetics of methylene blue on MWCNTs were studied. The
objective of this study is to investigate the effects of methylene
blue concentration, temperature, pH, carbon nanotubes mass
on the adsorption process. The kinetic study shows that
methylene blue adsorption on the MWCNTs is in good
compliance with the pseudo-second-order kinetic model.

EXPERIMENTAL

MWCNTs was prepared according to a method described
in a previous study". All other chemicals were purchased in
analytical purity and used without further purification and all
solutions were prepared with Milli-Q water under ambient
conditions.

Analysis methods: The adsorbate concentrations in the
initial and final aqueous solutions were measured by using
UV-VIS spectrophotometer at 665 nm. The amount of methylene
blue adsorbed on MWCNTs was calculated from the difference
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between the initial concentration and the equilibrium one. The
adsorption percentage (adsorption% = (Cy-C.)/Cox 100 %)
was derived from the difference of the initial concentration
(Co) and the final one (C.) in supernatant after centrifugation.
All experimental data were the average of triplicate determi-
nations and the relative errors were about + 5 %.

RESULTS AND DISCUSSION

Effect of MWCNTSs mass on methylene blue adsor-
ption: To study the effect of MWCNTSs mass on methylene
blue adsorption, 10 mg/L methylene blue solutions were mixed
with different MWCNTSs mass for 130 min, while keeping other
parameters constant. It can be seen from the experimental
results depicted in Fig. 1 that methylene blue adsorption on
per gram of MWCNTs decreases as the MWCNTs mass in
the solution increases. For example, after 130 min operation,
the methylene blue adsorption decreases from 73.5 to 43.7
mg/g as MWCNTs mass increases from 0.1 g/L to 0.2 g/L.
Such performance on the adsorbent may be attributed to the
fact that some of the adsorption sites remain unsaturated during
the adsorption process. As the initial methylene blue concen-
tration keeps constant, it is noted that the total adsorptive
capability of methylene blue increases faster as the MWCNTSs
mass increases due to the increase in the number of reaction
sites and surface area available to methylene blue.
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Fig. 1. Effect of MWCNTSs mass on adsorption ofmethylene blue adsorption

Effect of methylene blue concentration on its adsor-
ption: Experiments have been performed to test the effect of
methylene blue concentration on its adsorption on MWCNTs.
The experimental results shown in Fig. 2 manifest that the
methylene blue adsorption on MWCNTs increases with its
concentration in the aqueous solutions. The explanation can
be expressed as follows. Firstly, the mass-transfer impetus
between the liquid bulk and the surface of MWCNTs increases
with the initial methylene blue concentration in the aqueous
solution. Secondly, the diffusivity of methylene blue also
increases with its concentration. Thirdly, the methylene blue
on the surface of MWCNTs in equilibrium with the methylene
blue in the solution will increase with its concentration in the
solution™.
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Fig. 2. Effect of concentration on adsorption of methylene blue

Effect of pH on adsorption of methylene blue: Effect
of pH on the adsorption of methylene blue on MWCNTs is
shown in Fig. 3. Fig. 3 shows that the pH value on methylene
blue adsorption cannot be ignored. As pH increases, the equili-
brium adsorbate increases. As the initial pH value increases
from 6.5 to 9.4, the equilibrium adsorbate increases from 53.3
mg/g to 64.1 mg/g. The explanation can be expressed as
follows. MWCNTs surface has a weak polarity under different
pH value. In the acidic conditions, the surface of MWCNTs is
positively charged, which is unfavorable for the adsorption of
cation dye. As pH rises, the surface of MWCNTs gradually
becomes negative charged, which may result in the increase
of methylene blue adsorption.
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Fig. 3. Effect of pH on adsorption of methylene blue

Adsorption dynamics

Pseudo-first-order kinetic model: The pseudo-first-order
kinetic model has been widely used to predict adsorption
kinetics. The pseudo-first-order kinetic model" describes the
adsorption of liquid/solid system based on solid capacity. The
model can be written as:

k
Io —q,)=logq. ——1—t 1
g (q.—q,) 2], 2303 (1)

where q. and g, is the capacity of metal ions adsorbed (mg g)
atequilibrium and time t (h), respectively and K is the pseudo-



5758 Zhao et al.

first-order rate constant (h™). Thus the values of g. and k; can
be determined experimentally by plotting log (q.-q:) versus t
and extracting information from the least squares analysis of
slope and intercept and substituting into eqn. (1). The plots of
log (qe-qe) versus t are shown in Fig. 4 . The calculated q., ki,
and the corresponding linear regression correlation coefficient
R? values are shown in Table-1.
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Fig. 4. Pseudo-first-order kinetics for adsorption of methylene blue onto
MWCNTs

TABLE-1
KINETIC PARAMETERS FOR THE ADSORPTION OF
MB ON MWCNTS AT VARIOUS TEMPERATURES
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Fig. 5. Pseudo-second-order kinetics for adsorption of methylene blue onto
MWCNTs
Conclusion

The adsorption of methylene blue onto MWCNTs is
favored at high pH and higher temperature. The removal of
methylene blue by adsorption on MWCNTSs was found to be
rapid at the initial period of contact time and then slows down
with increasing reaction time. Adsorption data were modeled
using the first and second-order kinetic equations. The second-
order kinetic equation could best describe the adsorption
kinetics.
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Pseudo-second-order kinetic model: The pseudo-second-
order adsorption kinetic model is expressed as following
formulation'®:

t 1 1

q, kzqe2 " q. t )
Thus the values of k, and q. can be calculated from the
intercept and the slope of the linear relationship, eqn. (2),
between t/q, and t. The curves of the plots of t/q, versus t were
given in Fig. 5 and the calculated q., k» and the corresponding
linear regression correlation coefficient R* values are summa-
rized in Table-1. The correlation coefficients for the second-
order kinetics model (R?) are greater than 0.99, indicating the
applicability of this kinetics equation and the second-order
nature of the adsorption process of methylene blue onto
MWCNTs. From the relative coefficient, it can be seen that
the pseudo-second-order kinetic model fit the adsorption of
methylene blue onto MWCNTS better than the pseudo-first-
order model.
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