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Abstract—Synthetic dyes are widely used by several industries to color their products. The discharge of colored waste-
water into the hydrosphere causes serious environmental problems. We used functionalized multi wall carbon nanotubes
as an adsorbent for the adsorption of cationic dye, malachite green, from aqueous solution. Based on information pro-
vided by the Iranian Research Institute of Petroleum Industry, carbon nanotubes are produced using a chemical vapor
deposition (CVD) technique. These as-received MWCNTSs were functionalized by acid treatment. The remaining dye
concentration was read by UV-visible absorption spectroscopy at maximum adsorption wavelength. The effect of dif-
ferent operational parameters such as contact time, pH of solution, adsorbent dose and initial dye concentration were
studied. The results showed that by increasing of contact time, pH and adsorbent dose the removal of dye increased,
but by increasing initial dye concentration, the removal efficiency decreased. Adsorption isotherms and kinetics behavior
of FMWCNTs for removal of malachite green was analyzed, and fitted to various existing models. The experimental
data were well correlated with the Langmuir isotherm with a maximum adsorption capacity (q,,) and regression co-
efficient (R?) of 142.85 mg/g and 0.997, respectively. The results of this study indicate that functionalized multi wall

carbon nanotubes can be used as an effective adsorbent for the removal of dyes.
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INTRODUCTION

Synthetic dyes are widely used by several industries, such as textile
companies, food-processing companies, dye manufacturers, paper
and pulp mills, and electroplating factories, to color their products
[18]. The discharge of colored wastewater into the hydrosphere not
only causes serious environmental problems because of its high toxic-
ity and possible accumulation in the environment, but also to human
beings, by producing carcinogenic and mutagenic effects [27,38].
To minimize the risk of pollution and adverse health effects gener-
ated by such effluent, this effluent must be treated carefully before
discharging into the environment [18]. Malachite green (MG) is a
popular cationic dye and is used extensively. This dye is widely used
for the dyeing of cotton, jute, silk, wool and leather products. It also
finds applications in the fish farming industry, aquaculture and ani-
mal husbandry as fungicide, ectoparasiticide and disinfectant. It has
been shown recently that MG is linked to an increased risk of cancer,
acts as a liver tumor-enhancing agent and many other diseases. Mala-
chite green is an important water-soluble dye belonging to the triphe-
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nyl methane family. It may enter into the food chain, and due to its
mutagenic and carcinogenic characteristics can cause severe effects
on nervous system, reproductive system, liver, brain and kidney
[7,33].

There are many processes available for dye removal such as co-
agulation, advanced oxidation, combined chemical and biochemi-
cal process, aerobic and anaerobic digestion, adsorption and mem-
brane treatment; each of these has different removal efficiency, ad-
vantage, disadvantage, capital costs and operating rates. Adsorption
is one of the cheapest and most effective techniques for wastewater
treatment in terms of initial cost, simplicity of design, ease of opera-
tion and insensitivity to toxic substances. In addition, this technique
can produce high-quality effluent without the formation of harmful
substance like ozone and free radicals [1,14,15,24,31,35]. Numer-
ous adsorbents and bioadsorbents such as neem sawdust [16], hen
feathers [28], cyclodextrin-based [3], oil palm trunk fiber (OPTF)
[9], bentonite clay [36], bagasse fly ash [25], bottom ash [§], de-
oiled soya [29], Cosmarium sp. [4], Pithophora sp. [17] have been
used for removal of malachite green from aqueous solution. More
recently, Long and Yang [21] reported that MWCNTSs could be more
efficient than activated carbon for the removal of dioxin, so carbon
nanotubes (CNTs) have attracted the attention of many researchers
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as new adsorbents.

Carbon nanotubes are divided into two general categories: sin-
gle-wall carbon nanotubes (SWCNTSs) and multi-wall carbon nan-
otubes (MWCNTS). Because of their relatively large specific surface
areas, unique hollow structures, high mechanical strength, small
size and remarkable electrical conductivities, CNTs can be used to
remove many kinds of organic and inorganic contaminants [2,6],
like trihalomethanes (THMs), heavy metal, fluoride and dyes from
water and wastewater [5,19,22,32,35,39]. The aim of this work was
1) to study the adsorption capacity of carbon nanotubes for the re-
moval of malachite green (MG) from aqueous solution, 2) to inves-
tigate the influence of different variable, including contact time, pH
of solution, adsorbent dosage and initial dye concentration, 3) and
to analyze adsorption isotherms and kinetics.

MATERIALS AND METHODS

1. Adsorbent

The CNTs used in this study were multi-wall carbon nanotubes.
These CNTs have specific surface area 270 m*/g and electrical con-
ductivity 1,500 S/m. The diameter and the length of the MWCNTs
are in the ranges of 10-30 nm and 10 pm, respectively. The purity
of CNTs was more than 95%. The CNTs were synthesized in the
Iranian Research Institute of Petroleum Industry (RIPI) and were
purchased. To remove the amorphous carbon and iron catalyst 2 g
of the as-received CNTs was immersed in 4 M nitric acid for 2 h at
room temperature and then washed by de-ionized water several times
until the washing water showed no pH changes, then dried at 110 °C
for 24 h. The clean CNTs were then oxidized by concentrated nitric
acid, refluxed at 120 °C for 2 h, After cooling to room temperature
the reaction mixture was diluted with 500 ml of de-ionized water
and then vacuum-filtered through a filter paper (0.25 um porosity).
This washing operation was repeated until no pH changes in the
washing water were detected, and was followed by drying in a vac-
uum oven at 110 °C for 24 h.
2. Adsorbate

Malachite green was purchased from Alvan Sabet Co (Hamedan,
Iran), and was used without further purification. MG chemical for-
mula, molecular weight and maximum adsorption wavelength (4,.,),
were C,;H,(N,O.HCl, 382.93 g/mol and 617 nm, respectively. The
chemical structure of MG is shown in Fig. 1. Stock solutions of dye
were prepared by dissolving accurately weighed dyes in distilled
water to the desired concentration. The experimental solutions with
different initial concentrations were obtained by diluting stock solu-
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Fig. 1. Chemical structure of malachite green.
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tion in required proportions and their absorbance was read by UV-
Vis spectroscopy. After taking the measurements, we made a cali-
bration curve to compute the concentration of each experiment. All
other chemicals were analytical grade.
3. Experiments of Adsorption

To study the effect of parameters like contact time, pH, adsor-
bent dosage, and initial concentration for the color removal of MG
batch experiments were carried out in illuminated refrigerated incu-
bator shaker (Innova 4340, USA) at a constant speed of 175 rpm at
298 K. Initial solution pH was adjusted using 0.1 N HCL and 0.1 N
NaOH. The effect of various parameters such as contact time, solu-
tion pH, adsorbent dosage and initial dye concentration was inves-
tigated. By adding 0.04 g of A MWCNTSs to 100 mL of dye solution
with 50 and 100 mg/L initial dye concentrations of the dye, the effect
of contact time was evaluated. At different time intervals of the reac-
tion, samples were taken from the suspension and were analyzed.
To determine the effect of solution pH on the adsorption process,
distinctive ranges of the solutions pH were investigated. The effect
of adsorbent dose was evaluated by adding different amounts of
adsorbent into the 75 mg/L initial concentration of MG solution, at
pH 7.0 at the equilibrium time. To study the effect of initial concen-
tration of MG on the adsorption process, 100 mL of MG solutions
with different initial concentrations were prepared in a series of 250
mL Erlenmeyer flasks and 0.06 g/100 mL adsorbent doses were
added to each flask at pH 7.0. At the end of equilibrium time in order
to separate the adsorbents from the aqueous solutions, the samples
were centrifuged at 4,000 rpm for 10 minutes, and then the super-
natant of suspension was filtered with a 0.25 um Millipore filter.
The residual dye concentrations were analyzed by UV-visible spec-
trophotometer (Perkin-Elmer Lambda 25, USA) at maximum adsorp-
tion wavelength 617 nm. The percentage of dye removal, the amount
of MG adsorbed at time t (g, mg/g) and at equilibrium (q,, mg/g),
respectively, was calculated through the following equations:
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C

o

Dye removal % = 100 (1)
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C,-C)xV
q/:% (3)

where C, and C, (mg/L) are the initial and equilibrium concentra-
tions of MG solution; M (g), V (L), C, and q, (mg/g) are the mass
of FMWCNTs, the volume of the solution, and the concentration
of dye at any time, and the amount of adsorbed dye on FMWCNTs
at any time, respectively.

RESULTS AND DISCUSSION

1. Effect of Contact Time

The adsorption mechanism of cationic dyes by AMMWCNTs may
be derived from two reasons. One reason might be due to the electro-
static attraction between the positive cationic dyes and the negative
charged FMMWCNTs adsorbent surface. The other one might be
based on van der Waals interactions occurring between the hexago-
nally arrayed carbon atoms in the graphite sheet of FMMWCNTs
and the aromatic backbones of the dyes [6]. The effect of contact
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Fig. 2. Effect of contact time on the removal of MG dye by f-
MWCNT (condition: adsorbent dose=.04 g, T=25 °C, pH=
7).

time on the removal of MG by AMMWCNT at different initial dye
concentrations (50 and 100 mg/L) is presented in Fig. 2. As shown,
by increasing the contact time, the removal efficiency of dye by f
MMWCNTs at any time was increased. The results show that re-
moval of MG is faster in initial stages and then becomes slow and
finally reaches equilibrium at approximately 80 minutes. These ob-
servations show initial dye concentration has no effect on required
time for equilibrium. During initial stages, a large number of vacant
sites are available on the surface of adsorbent and then the adsorp-
tion rate of dye is high. The adsorption process becomes less effi-
cient due to gradual occupancy of these sites. With increasing time,
the occupation of the remaining vacant sites due to increased repul-
sive forces between dye molecules and bulk solution is more diffi-
cult [23,30].
2. Effect of Solution pH

One of the most important parameters that affect the adsorption
of dye molecules is pH of solution. The effect of solution pH on
adsorption of dye on fFMMWCNTs was studied by varying the pH
of the dye solution for an initial concentration of 50 mg/L while
the adsorbent dosage, contact time, agitation speed and temperature
were fixed at 0.04 g, 80 minute, 175 rpm and 25 °C, respectively.
Dye removal efficiency increased when the pH increased from 3
to 11, indicating that pH significantly affected MG removal per-
centage, particularly under alkaline conditions. The influence of pH
on adsorption of MG dye is presented in Fig. 3. When pH increased
from 3 to 11, the removal efficiency increased from 66 to 98 percent.
Because there was no significant difference in removal efficiency
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Fig. 3. Effect of initial pH on the removal of MG dye by FMWCNTs
(condition: adsorbent dose=.04 g, T=25 °C, MG concentra-
tion=50 mg/L).
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Fig. 4. Effect of adsorbent dosage on the removal of MG dye by f-
MWCNT; (condition: MG concentration=75 mg/L. T=25°C,
pH=7).

beyond pH 7, this pH was selected for other experiments. The lower
removal of malachite green as a cationic dye, at acidic pH, is be-
cause of the presence of excess H" ions competing with the dye cat-
ions for the adsorption sites. At pH 11, a significantly high electro-
static attraction exists between the negatively charged surface of
the adsorbent and positively charged cationic dye [23,38].
3. Effect of Adsorbent Dosage

Adsorbent dosage is another important parameter in the deter-
mination of adsorption capacity. The effect of the adsorbent dose
was investigated for 75 mg/L initial MG concentration by adding
various amounts of FMWOCNTS in 100 mL dye solution; other param-
eters were kept constant. Fig. 4 shows the removal of MG as a func-
tion of FMWCNTs dosage. The removal efficiency increased from
87.7% 10 99.9% by increasing adsorbent dose from 0.02 to 0.08 g.
This phenomenon can be attributed to an increase in the adsorbent
specific surface area and availability of more adsorption sites. How-
ever, if the adsorption capacity was expressed in mg adsorbed per
gram of adsorbent, the capacity decreased with the increasing amount
of sorbent [18,23]. In the present study, when the adsorbent dose
increased from 0.02 to 0.08 g, the amount of adsorbed dye per mass
unit of FMWCNTs (adsorption capacity) decreased from 328 to
94 mg/g. Wu and colleagues employed multi-wall carbon nanotubes
to adsorb reactive dye and obtained similar results [39]. Similar re-
sults were also obtained for Brazilian pine-fruit shell as a biosor-
bent by [20], and for activated carbon prepared from agricultural
waste by [34]. In the present study, the adsorbent dose 0.08 g per
100 ml is the optimal value for the removal of MG dye.
4. Effect of Initial Dye Concentration (C,)

The effect of initial dye concentration on the removal of MG by
FMWCNTs is shown in Fig. 5. It is evident that with the increase
in the initial dye concentration the amount of MG adsorbed per unit
mass of FMWCNTS increased; however, the percentage of MG re-
moval decreased with the increase in C,. By increasing MG con-
centration from 25 to 100 mg/L, the removal percentage of dye de-
creases from 99 to 77% at 0.06 g/100 mL adsorbent dosage. The
amount of MG adsorbed at equilibrium increased from 41.57 mg/g
for 25 mg/L to 128.59 mg/g for 100 mg/L. This was expected due
to a greater driving force, resulting from the greater concentration
gradient between MG in solution and MG on the adsorbent sur-
face at higher initial dye concentration [10]. A similar finding was
observed for the adsorption of MG from aqueous solution by bagasse
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Fig. 5. Effect of initial dye concentration on the removal of MG
by AMWCNTs (condition: adsorbent dose=.06 g, T=25 °C,
pH=7).

fly ash and activated carbon [25], and oil palm trunk fiber [9].
5. Adsorption Isotherms

An adsorption isotherm describes how the adsorbate molecules
distribute between the liquid phase and the solid phase when the
adsorption process reaches an equilibrium state. The analysis of the
isotherm data by fitting them to different isotherm models helps us
to find a suitable model that can be used for design purpose. We
used three adsorption isotherms for describing experimental results:
Langmuir, Freundlich and Temkin. The most widely used adsorp-
tion isotherm for the adsorption of a solute from a liquid solution is
the Langmuir adsorption isotherm. Langmuir isotherm assumes that
the single adsorbate binds to a single site on the adsorbent, and once
a dye molecule occupies a site, no further adsorption takes place at
that site. So, all surface sites on the adsorbents have the same affinity
for the adsorbate. The saturation monolayer can be represented by
the expression [37]:

_ 4,KC, 4
%= TiKC, @
The linear form of the Langmuir equation is:
oL = ®
9 Ka, q,

where ¢, is the amount of dye adsorbed per gram of FMWCNTs
(mg/g); C. is the equilibrium concentration of dye in a solution (mg/
L); k is the Langmuir constant (L/mng), which is related to the affinity
of binding sites, and q,, is the theoretical saturation capacity of the
monolayer (mg/g). The values of q,, and k were calculated from the
linearized form of Eq. (5) by plotting C/q, versus C,. The essential
characteristics of the Langmuir isotherm can be expressed in terms
of a dimensionless constant called the equilibrium parameter or sepa-
ration factor (R,).The value of R, is used to determine if the adsorp-
tion process is favorable or unfavorable. The parameter is defined
by:

1
T 1+kC,

R, ©)
Where k is the Langmuir constant and C, is the highest initial MG
concentration (mg/L). The R, value indicates adsorption process is
favorable (0<R,<1), linear (R,=1), unfavorable (R,>1) or irrevers-
ible R,=0.

The Freundlich isotherm is an empirical equation and corresponds

August, 2013

to heterogeneous adsorbent surfaces. The presence of different func-
tional groups on the surface and several adsorbent-adsorbate inter-
actions can cause the heterogeneity.

The Freundlich equation expressed as [11,39]:

o=k C" ™
The linear form of the Freundlich equation is:
log . =log(k)+1/n log(C.) ®

where q, is the amount of MG adsorbed per unit mass of adsorbent
(mg/g), C, is the concentration of MG in solution at equilibrium
(mg/L), k,and n are the Freundlich constants, which correspond to
the adsorption capacity and the adsorption intensity of the adsor-
bent, respectively. The values of k-and 1/n can be calculated from
the intercept and slope of the logarithmic plot of q, vs C,. Higher
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Fig. 6. Langmuir (a), Freundlich (b) and Temkin (c) isotherms plots
for removal of MG by AMWCNTSs (conditions: initial dye
concentration=25, 50, 75, 100 mg/L, adsorbent dose=.06 g,
T=25 °C, pH=7).
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affinity for adsorbate is related to higher value for k- and the values of
the empirical parameter 1/n lie between 0.1<1/n<1, indicating favor-
able adsorption. The Temkin isotherm [13,27] contains a factor that
explicitly takes into account the adsorptive-adsorbent interactions:

q.=B, InkC,) (&)
The linear form of the Temkin isotherm is expressed as:
q.=B, Ink+B, InC, (10)

where B,=RT/b and k, are the constants. R is the gas constant (8.31
J/mol K) and T (K) is the absolute temperature, k, is the equilib-
rium binding constant (L/mg) corresponding to the maximum bind-
ing energy, and constant B, is related to the heat of adsorption. The
isotherm constants k, and B, can be obtained from the slope and
intercept of plots of q, versus In C,, respectively. The applicability
of the isotherm equation to describe the adsorption process was com-
pared by judging the correlation coefficients, R* values. The adsorp-
tion isotherm data of MG onto FMWCNTs was fitted with Lang-
muir, Freundlich and Temkin isotherms. Fig, 6(a)-(c) shows the fitted
equilibrium data to Langmuir, Freundlich and Temkin isotherms. The
isotherm constants for all above-mentioned isotherms were calcu-
lated from the linear form of each model. The obtained parameters
of adsorption isotherms along with regression coefficients (R?) are
shown in Table 1. The calculated values of R, and 1/n are less than
1, so they represent the favorable removal condition. Based on the
correlation coefficient (R?) (Table 1), the experimental data were
well correlated with the Langmuir isotherm than the other two iso-
therms. The maximum adsorption capacity obtained from the Lang-
muir isotherm is 142.85 mg/g.
6. Adsorption Kinetics

The modeling of the kinetics of adsorption of MG on FMWCNTs
was investigated by two common models: the pseudo-first-order
kinetic model and pseudo-second-order kinetic model. These models
are widely used for describing dye sorption as well as other pollut-
ants such as heavy metals on solid adsorbents. The best-fit model
was chosen based on the linear regression correlation coefficient
values (R?). The pseudo-first-order model can be expressed as [26]:

dq
5 -ki(@-a) (11)

The linear form of pseudo-first-order rate equation is:

Table 1. Constants of Langmuir, Freundlich and Temkin mod-
els for the adsorption of MG onto ffMWCNTs

Isotherm models Parameters Value
Langmuir q. (mg/g) 142.8571
k (L/mg) 14
R? 0.997
R, 0.007
Freundlich k,(mg/g (L/mg)1/n) 72.778
n 5.154
R? 0.984
Temkin B 14.71
k, 5.49
R? 0.959

log(q, )= logd, ~ 3=t (12)
where q, and q, are the amounts of MG adsorbed (mg/g) at equilib-
rium and time t (min), respectively; k; is the rate constant of pseudo-
first-order kinetic model (1/min). The parameters k, and g, could
be calculated from the slope and intercept of the plots of log(q,—q,)
versus t for Eq. (12). Linear form of the pseudo-second-order kinetic
model can be expressed as [12]:

t 1 1
—=—4—t (13)
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Fig. 7. (a) Pseudo-first-order kinetic (b) Pseudo-second-order kinetic
plots for removal of MG by AMWCNTs (condition: initial
dye concentration=50 and 100 mg/L, adsorbent dose=.04
g, T=25°C, pH="7).

Table 2. Kinetic parameters for the adsorption of MG onto f-
MWCNTs

Dye concentration (mg/L)

Kinetic model

50 100
Pseudo-first order
q., €xp (mg/g) 114.1128 202.3125
q., cal (mg/g) 105.92 170.2
K, (1/min) 0.0322 0.0253
R? 0.995 0.943
Pseudo-second-order
k, (g/mg min) 2.58x107* 2.05x10™*
q., cal (mg/g) 142.85 250
R? 0.99 0.928
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h=k,q? (14)

where k, (g/mg min) is the rate constant of the pseudo-second-order.
The q, and k, values can be obtained from the slope and intercept
of plots of t/q, versus t. Fig. 7(a) and (b) shows the linearized form
of the pseudo-first-order model and pseudo-second-order model
for FMWCNTs adsorption at 50 and 100 mg/L initial MG concen-
trations. The calculated kinetics constants are given in Table 2. The
correlation coefficients values were greater than 0.9 and the calcu-
lated g, was near the experimental value for both kinetics models,
but this value for the pseudo-first-order model is slightly greater than
pseudo-second-order model, indicating that the adsorption of MG
could follows the pseudo-first-order model.

CONCLUSION

The adsorption of malachite green dye onto FMWCNTS as a novel
adsorbent was carried out by using batch technique. The effects of
different operational parameters such as contact time, pH of solu-
tion, adsorbent dose and initial MG concentration were evaluated.
The results of the present study indicate that by increasing contact
time, pH and adsorbent dosage, the removal percentage increased,
but by increasing the initial MG concentration, the removal per-
centage decreased. Experimental data were fitted with the most com-
mon existing models. Based on correlation coefficient (R?), the exper-
imental data follows the Langmuir isotherm with maximum adsorp-
tion capacity of 142.85 mg/g. The results of this study indicate
MWCNTs can be used as an effective adsorbent for dye removal.

REFERENCES

1. N. K. Amin, J. Hazard. Mater., 165, 52 (2009).

2. G-C. Chen, X.-Q. Shan, Y.-Q. Zhou, X.-e. Shen, H.-L. Huang and
S. U. Khan, J. Hazard. Mater., 169, 912 (2009).

3. G Crini, H. N. Peindy, F. Gimbert and C. Robert, Sep. Purif. Tech-
nol., 53, 97 (2007).

4. N. Daneshvar, M. Ayazloo, A. R. Khataee and M. Pourhassan, Biore-
sour. Technol., 98, 1176 (2007).

5.Z.-C.Dj, J. Ding, X.-J. Peng, Y.-H. Li, Z.-K. Luan and J. Liang,
Chemosphere, 62, 861 (2006).

6. J.-L. Gong, B. Wang, G-M. Zeng, C.-P. Yang, C.-G Niu, Q.-Y. Niu,
W.-I. Zhou and Y. Liang, J. Hazard. Mater., 164, 1517 (2009).

7.R. Gong, Y. Jin, F. Chen, J. Chen and Z. Liv, J. Hazard. Mater., 137,
865 (2006).

8. V.K. Gupta, A. Mittal, L. Krishnan and V. Gajbe, Sep. Purif. Tech-
nol., 40, 87 (2004).

9. B. H. Hameed and M. I. El-Khaiary, J. Hazard. Mater:, 154, 237
(2008).

10. B. H. Hameeda and M. 1. El-Khaiary, J. Hazard. Mater:, 157, 344
(2008).
11. R. Han, P. Han, Z. Cai, Z. Zhao and M. Tang, J. Environ. Sci., 20,

August, 2013

1035 (2008).

12. Y. S. Ho and C. C. Chiang, Adsorption, 7, 139 (2001).

13. S. Hong, C. Wen, J. He, F. Gan and Y.-S. Ho, J. Hazard. Mater., 167,
630 (2009).

14. M. Iram, C. Guo, Y. Guan, A. Ishfaq and H. Liu, J. Hazard. Mater:,
181, 1039 (2010).

15.J. Jeni and S. Kanmani, fran. J. Environ. Health Sci. Eng., 8, 15
2011).

16. S. D. Khattri and M. K. Singh, J. Hazard. Mater:, 167, 1089 (2009).

17. K. V. Kumar, S. Sivanesan and V. Ramamurthi, Process Biochem-
istry, 40, 2865 (2005).

18. C.-Y. Kuo, C.-H. Wu and J.-Y. Wu, J. Colloid Interface Sci., 327,
308 (2008).

19. Y.-H. Li, S. Wang, X. Zhang, J. Wei, C. Xu, Z. Luan and D. Wu,
Mater. Res. Bull., 38,469 (2003).

20. E. C. Lima, B. Royer, J. C. P. Vaghetti, N. M. Simon, B. M. da
Cunha, F. A. Pavan, E. V. Benvenutti, R. Catalufia-Veses and C.
Airoldi, J. Hazard. Mater., 155, 536 (2008).

21.R. Q. Long and R. T. Yang, J. Am. Chem. Soc., 123,2058 (2001).

22.C. Ly, Y--L. Chung and K.-F. Chang, Water Res., 39, 1183 (2005).

23. P. Luo, Y. Zhao, B. Zhang, J. Liu, Y. Yang and J. Liu, Water Res.,
44, 1489 (2010).

24. A. H. Mahvi, M. Ghanbarian, S. Nasseri and A. Khairi, Desalina-
tion, 239, 309 (2009).

25. 1. D. Mall, V. C. Srivastava, N. K. Agarwal and I. M. Mishra, Col-
loids Surf- A, 264, 17 (2005).

26.1.D. Mall, V. C. Srivastava, N. K. Agarwal and 1. M. Mishra, Chemo-
sphere, 61, 492 (2005).

27. A. K. Mishra, T. Arockiadoss and S. Ramaprabhu, Chem. Eng. J.,
162, 1026 (2010).

28. A. Mittal, J. Hazard. Mater., 133, 196 (2006).

29. A. Mittal, L. Krishnan and V. K. Gupta, Sep. Purif’ Technol., 43, 125
(2005).

30. M. Mohamed and S. K. Ouki, Water Air Soil Pollut, 220, 131 (2011).

31. G Moussavi and M. Mahmoudi, J. Hazard. Mater:, 168, 806 (2009).

32. X. Peng, Z. Luan, Z. Di, Z. Zhang and C. Zhu, Carbon, 43, 880
(2005).

33. 1. A. Rahman, B. Saad, S. Shaidan and E. S. Sya Rizal, Bioresour:
Technol., 96, 1578 (2005).

34. S. Senthilkumaar, P. Kalaamani, K. Porkodi, P. R. Varadarajan and
C. V. Subburaam, Bioresour. Technol., 97, 1618 (2006).

35. M. Shirmardi, A. Mesdaghinia, A. H. Mahvil, S. Nasseri and R.
Nabizadeh, E. J. Chem., 9,2371 (2012).

36. S. S. Tahir and N. Rauf, Chemosphere, 63, 1842 (2006).

37.1. A. W. Tan, A. L. Ahmad and B. H. Hameed, J. Hazard. Mater.,
154,337 (2008).

38. N. Thinakaran, P. Baskaralingam, M. Pulikesi, P. Panneerselvamc
and S. Sivanesan, J. Hazard. Mater., 151, 316 (2008).

39. C.-H. Wu, J. Hazard. Mater., 144,93 (2007).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


