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ABSTRACT

Herein, 3-cyclodextrin (3-CD) was grafted onto magnetic MWCNT/iron oxide particles by using low
temperature plasma-induced technique to synthesize a novel nanocomposite. The prepared compos-
ite (denoted as CD/MWCNT/iron oxide) exhibited high magnetic property (saturation magnetization
M; =37.8 emu/g) and good dispersion property in aqueous solution. Batch experiments were conducted
to evaluate the application potential of CD/MWCNT/iron oxide in the decontamination of Zn(II) from
aqueous solutions. The sorption amount of Zn(Il) on CD/MWCNT/iron oxide was higher than that of
Zn(I1) on MWCNT/iron oxides and oxidized MWCNTs, indicating that the grafted 3-CD could enhance
the sorption capacity of CD/MWCNT/iron oxide composite toward Zn(Il) by providing multiple hydroxyl
functional groups. Due to its high magnetic, CD/MWCNT/iron oxide could be easily separated from aque-
ous solution with an external magnetic field. Regeneration studies suggested that CD/MWCNT/iron oxide
can support long term use as a cost-effective material in sewage treatment with minimum replacement

costs.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Heavy metal pollution in soil and water systems has aroused
worldwide concern during the last few decades due to its
toxic impacts on ecological environment and human health (Jha,
Upadhyay, Lee, & Kumar, 2008). The presence of heavy metal ions
in drinking water above the permissible limit may directly or indi-
rectly cause adverse health problems such as hepatitis, diarrhea,
anemia, nephritic syndrome and the dysfunction of central nervous
system (Al-Asheh & Banat, 2001; Mohan & Sreelakshmi, 2008). For
the purpose of protecting ecosystem stability and public health,
it is necessary to decrease the concentration of heavy metal ions
to the permissible limits before their discharge to the environ-
ment. Conventional techniques for heavy metal pollution disposal
include chemical precipitation, sorption, ion exchange, electrolysis
froth flotation, membrane separation, liquid-liquid extraction and
reverse osmosis (Bratskaya, Pestov, Yatluk, & Avramenko, 2009;
Dabrowski, Hubicki, Podkoscielny, & Robens, 2004; Dermentzis,
2010; Molinari, Gallo, & Argurio, 2004; Yoon, Amy, Chung, Sohn, &
Yoon, 2009). Among these methods, sorption has received increas-
ing attention due to its multiple advantages such as convenient
operation, high efficiency, low cost and wide adaptability.
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The surface properties of adsorbents determine the perfor-
mance of sewage disposal technology, including sorption capacity
and post-treatment processes (i.e., separation and recovery), which
correspondingly plays an important role in environmental con-
taminant disposal. Currently, ultracentrifugation and filtration are
the main methods for separating adsorbents from aqueous phase.
However, these two methods are unsatisfactory due to the fact
that high speed centrifugation consumes vast electric energy and
filtration is prone to filter blockages. In recent years, the applica-
tion of magnetic adsorbents in wastewater disposal has received
widespread attention due to its convenience and speediness in
separation and recovery processes (Bayramoglu & Arica, 2007;
Hritcu, Humelnicu, Dodi, & Popa, 2012; Hu, Zhao, & Wang, 2011;
Li et al., 2010; Zhou, Nie, Branford-White, He, & Zhu, 2009). After
sorption equilibrium, the magnetic adsorbents can be easily sep-
arated and recovered with an external magnetic field. However,
the further application of these materials is restricted due to their
poor dispersibility and low sorption capacity. In view of this point,
researchers are making great efforts to modify the surfaces of mag-
netic adsorbents with a variety of functionalized polymers such
as gum arabic, ketoglutaric acid, calcium alginate, polyacrylic acid,
chitosan, etc. Extensive studies have proved that the obtained mag-
netic composites exhibit good performance in the purification of
both inorganic and organic contaminants (Badruddoza, Tay, Tan,
Hidajat, & Uddin, 2011; Banerjee & Chen, 2007; Chen, Wang, &
Nagatsu, 2009; Lim, Zheng, Zou, & Chen, 2009; Yan, Chang, Zheng,
& Ma, 2012; Zhou et al., 2009).
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Plasma-induced grafting technique is a novel method to intro-
duce functional groups onto material surfaces without altering
their bulk properties (Chevallier et al., 2001; Hu, Sheng, Ren, Chen,
& Wang, 2011). In this study, a novel magnetic nanocomposite was
synthesized by grafting 3-CD onto the surfaces of MWCNT/iron
oxides by using low temperature plasma-induced technique.
The sorption properties of the prepared CD/MWCNT/iron oxide
composite was investigated using Zn(Il) as the target metal
contaminant due to its extensive environmental impacts. Batch
technique was adopted to investigate the removal of Zn(Il) by
CD/MWCNT/iron oxide under various solution chemistry con-
ditions. Further investigations were conducted to evaluate the
regeneration and reusability of CD/MWCNT/iron oxide. Finally, the
sorption mechanism of Zn(Il) on CD/MWCNT/iron oxide and the
application potential of CD/MWCNT/iron oxide in sewage disposal
were evaluated based on the obtained results.

2. Experimental
2.1. Materials

B-Cyclodextrin (B-CD) and zinc nitrate hexahydrate
(Zn(NO3),-6H,0) were purchased in analytical purity from
Sinopharm Chemical Reagent Co. Ltd. (China). All other chemicals
were purchased in analytical purity and used without further
purification. All solutions were prepared with Milli-Q water under
ambient conditions.

2.2. Synthesis and characterization of CD/MWCNT/iron oxides

MWCNTs were synthesized by chemical vapor deposition
method of acetylene in hydrogen flow at 760°C using Ni-Fe
nanoparticles as catalysts. Oxidized MWCNTs were then pre-
pared by oxidizing the pristine MWCNTs with 3 mol/L HNO;
solution. MWCNT/iron oxide composite was prepared by using
wet chemical coprecipitation process via the interactions between
ferrous ions, ferric ions and oxidized MWCNTs. The preparation
of CD/MWCNT/iron oxide composite composed of two successive
processes, i.e., the surface activation of MWCNT/iron oxides by
low temperature plasma and the grafting of B-CD on activated
MWCNT/iron oxides (Hu et al., 2010). As expected, the grafted [3-
CD enhanced the dispersibility of MWCNT/iron oxides in aqueous
solution.

The specific surface area of CD/MWCNT/iron oxide composite
was measured to be 63.9 m2/g by using N,-BET method. The results
of TGA analysis in previous study suggested that the content of
[3-CD grafted on MWCNT/iron oxides was 16.6 mg/g (Hu et al,,
2010). The saturation magnetization (Ms) of CD/MWCNT/iron oxide
was 37.8 emu/g, indicating that the prepared composite had a high
magnetism. The XRD patterns of oxidized MWCNTs, MWCNT/iron
oxides and CD/MWCNT/iron oxide composite were recorded on
a MAC Science Co. M18XHF diffractometer using Cu Ko radia-
tion (A =0.15406 nm). The measurements were carried out in the
20 range of 10-70° with a scanning rate of 2°/min. FTIR spec-
tra of CD/MWCNT/iron oxide before and after Zn(Il) uptake were
recorded with a FTIR spectrometer (Perkin Elmer spectrum 100,
America) in the range of 4000-400cm~! using KBr pellets con-
taining the prepared materials. The spectral resolution was set to
1cm~?, and 150 scans were collected for each spectrum.

2.3. Sorption experiments

All the batch experiments were carried out in polyethylene cen-
trifuge tubes under ambient conditions. The CD/MWCNT/iron oxide
suspension and NaNOs electrolyte solution were pre-equilibrated
for 24 h, and then Zn(II) stock solution was added to achieve the
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Fig. 1. XRD patterns of oxidized MWCNTs (A), MWCNT/iron oxides (B) and
CD/MWCNT/iron oxide composite (C).

desired concentrations of individual components. The pH of each
test solution was adjusted to desired values by adding negligible
volumes of 0.01 or 0.1 M HNO3 or NaOH. The obtained suspensions
were gently shaken on a rotating oscillator to attain sorption equi-
librium, and then the solid and liquid phases were separated by
using a permanent magnet. The concentration of Zn(II) in super-
natant was analyzed by atomic absorption spectrophotometry.
All experimental data were the average of duplicate determina-
tions and the relative errors were ~5%. The sorption amount of
Zn(Il) on CD/MWCNT/iron oxide composite (ge =((Co — Ce)-V/m))
was derived from the initial Zn(II) concentration (Cyp), the final Zn(II)
concentration (Ce ), the mass of CD/MWCNT/iron oxide (m) and the
suspension volume (V).

3. Results and discussion
3.1. Characterization of CD/MWCNT/iron oxide

Fig. 1 shows the XRD patterns of oxidized MWCNTSs,
MWCNT/iron oxides and CD/MWCNT/iron oxide composite,
respectively. The characteristic diffraction peak of MWCNTs (i.e.,
20=26.2°) (curve A in Fig. 1) can be clearly seen in the patterns of
the other two samples (curves B and C in Fig. 1), which suggests
that the basic structure of MWCNTSs is not destroyed during the
chemical coprecipitation and plasma grafting processes (Hu et al.,
2010). In the XRD pattern of MWCNT/iron oxides (curve B in Fig. 1),
the appearances of six characteristic peaks at 30.21°,35.56°,43.24°,
53.62°,57.22° and 62.95° reveal a cubic iron oxide phase, i.e., mag-
netite (JCPD No. 89-3854, denoted as Mn) and/or maghemite (JCPD
No. 89-5892, denoted as Mh). Other peaks at 21.26°, 41.29° and
59.12° may be assigned to the main phases of goethite (denoted
as G) (Oliveira et al., 2002). Furthermore, a new diffraction peak at
18.30° appears in the XRD pattern of CD/MWCNT/iron oxide com-
posite (curve C in Fig. 1), which may arise from the introduction
of 3-CD on MWCNT/iron oxide surfaces (Song, Wang, Guo, & Bai,
2008). The grafted 3-CD may have some influence on the surface
properties of MWCNT/iron oxides and meanwhile provides plenti-
ful oxygen-containing sites for Zn(II) binding.

To accurately understand the interaction between Zn(Il) and
CD/MWCNT/iron oxide, FTIR spectra were collected and analyzed
to provide insight into the underlying sequestration mechanisms.
Fig. 2 shows the FTIR spectra of CD/MWCNT/iron oxide compos-
ite before and after Zn(II) uptake. Although no obvious distinctions
can be directly observed from the two spectra, FTIR spectrum of
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Fig. 2. FTIR spectra of CD/MWCNT/iron oxide composite before (A) and after Zn(1II)
uptake (B).

Zn(Il)-sequestrated CD/MWCNT/iron oxide indeed shows that the
peaks at 1042, 1635, 2311 and 3432cm~! have slightly shifted
to 1031, 1628, 2302 and 3413 cm™!, respectively. The shifting of
these peaks suggests that their corresponding functional groups
(mainly hydroxyl and carbonyl groups) may be directly involved
in interaction with Zn(II) to form surface complexes. Since Zn(II)
uptake on CD/MWCNT/iron oxide influences all the oxygenic chem-
ical bonds, it is reasonable to deduce that the oxygen-containing
functional groups would be the main surface sites for Zn(II) attach-
ment (Badruddoza et al., 2011). In addition, a sharp band at
~1382cm~! appears in the FTIR spectrum of Zn(Il)-sequestrated
CD/MWCNT/iron oxide composite. This band can be assigned to
the stretching vibration of NO3~ ions, which are attached on
CD/MWCNT/iron oxide surfaces to balance the electrical charges
of adsorbed Zn(II) ions (Liu, Bai, & Ly, 2008; Takafuji, Ide, Thara, &
Xu, 2004). Furthermore, the peak of Fe-0 has a slight shift from 574
to 579 cm~1!, suggesting that some Zn(Il) ions are directly adsorbed
on iron oxide surfaces (Lim, Zheng, Zou, & Chen, 2008).

3.2. Effect of contact time

Fig. 3A shows the kinetic data of Zn(Il) sorption on
CD/MWCNT/iron oxide at pH 6.5 and 303 K. The amount of adsorbed
Zn(Il) (mg/g) increases sharply during the first 2 h and thereafter it
proceeds at a slow rate and finally attains equilibrium after 5 h. The
initial rapid sorption may be attributed to the existence of plenti-
ful binding sites on CD/MWCNT/iron oxide surfaces. The increase
in concentration gradient tends to increase Zn(Il) sorption rate at
the initial stages. As contact time increases, the concentration gra-
dient is gradually reduced due to the accumulation of Zn(Il) on
CD/MWCNT/iron oxide surfaces, leading to the decrease of sorp-
tion rate at the later stages. Overall, the sorption kinetics process
becomes almost constant after a time period of 5 h. The fast sorp-
tion kinetics implies that CD/MWCNT/iron oxide may have good
potentialities for continuous sewage disposal systems. Based on the
above-mentioned kinetics data, the shaking time in the following
experiments was fixed to 24 h to ensure complete equilibrium.

The surface properties and diffusion resistance of solid parti-
cles play an important role in the rate of sequestration as well as
the overall transportation of metal ions. Specifically, the interac-
tion processes before the sorption equilibrium may comprise the
following steps (Ijagbemi, Baek, & Kim, 2009): (1) solute binds on
the active sites via sorption, complexation or intra-particle precipi-
tation processes; (2) solute transfers to the sorbent particle surface;
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Fig. 3. Kinetic data of Zn(Il) sorption on CD/MWCNT/iron oxide. pH 6.5, m/V=0.4 g/L,
Cznanyinitial = 10 mg/L, T=303 K, I=0.01 M NaNOs. (A) Plot of g; vs. t; (B) intra-particle
diffusion model fitting; (C) liquid film diffusion model fitting.

and (3) solute transfer from the particle surface to the intra-particle
active sites. The first step is very rapid and can be considered neg-
ligible, while one of the (2) and (3) steps may be considered as the
rate-limiting step for the sorption kinetic process. The (2) and (3)
steps can be described by the liquid film diffusion model and intra-
particle diffusion model, respectively. The intra-particle diffusion
model can be expressed by the following equation (Wu, Zhao, &
Yang, 2011):

qe = ki - t%° (M
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Fig. 4. Sorption of Zn(II) on CD/MWCNT/iron oxide as a function of initial Zn(II)
concentrations. m/V=0.4g/L, T=303K,[=0.01 M NaNOs.

where t (h) is the contact time, q; (mg/g) is the amount of Zn(II)
adsorbed on CD/MWCNT/iron oxide at time t, k; (mg/gh!/2) is the
diffusion rate constant. Linear plot of g; vs. t% is achieved according
to Eq. (1) (Fig. 3B). The correlation coefficient (R?) for the intra-
particle diffusion model is 0.89. The intercept of the plot is 4.38 and
the calculated k; is 4.33 mg/g h'/2. If the plot of g vs. t95 presents as
a straight line passing through the origin, the intra-particle diffu-
sion may be the main driving force of the sorption kinetics (Gupta
& Bhattacharyya, 2006). The value of correlation coefficient implies
that the sorption kinetics might follow the intra-particle diffu-
sion model; however, the nonzero intercept is not in line with the
prediction of this model. In view of this point, the intra-particle dif-
fusion is not the rate-determining step but it might have somewhat
influence on the slow uptake process.

The liquid film diffusion model is governed by the equation
(Gupta, Kumar, & Gaur, 2009):

In(1 — F) = —kgt (2)

where F is the function attainment of equilibrium (F=q¢/qe) and
keq (h=1) is the sorption rate constant. If the plot of —In(1 —F) vs. t
presents as a straight line with zero intercept, the sorption kinetics
can be attributed to the liquid film diffusion process (Bhattacharyya
& Gupta, 2008). However, the plot of —In(1 — F) vs. t (Fig. 3C) gives
a linear curve (R% =0.98) with the intercept of 0.19 instead of zero,
indicating that liquid film diffusion process may not be the singular
rate-limiting step in the sorption process. It's worth noting that the
correlation coefficient for liquid film diffusion model (R =0.98) is
higher than that of intra-particle diffusion model (R? =0.89), which
suggests that the sorption kinetics of Zn(Il) on CD/MWCNT/iron
oxide is dominated by liquid film diffusion process accom-
panying with a certain contribution of intra-particle diffusion
process.

3.3. Effect of initial Zn(II) concentrations

Fig. 4 shows Zn(Il) sequestration on CD/MWCNT/iron oxide
at three initial Zn(II) concentrations as a function of pH values.
One can see that the sequestration curves show a typical “sorp-
tion edge”, namely, the sequestration percentage increases from
the minimum to the maximum over a range of more than three
pH units. As expected, the sorption edge shifts to higher pH val-
ues at higher Zn(II) concentration. At pH<8.0, the sorption of
Zn(Il) on CD/MWCNT/iron oxide increases with decreasing initial
Zn(II) concentrations. In contrast, the sorption behavior seem to be
independent of initial Zn(II) concentrations at pH > 8.0. Herein, it
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Fig. 5. Sorption isotherms and Langmuir, Freundlich models fitting for Zn(Il) on
CD/MWCNT/iron oxide. m/V=0.4g/L, pH 6.5, I=0.01 M NaNOs. Symbols represent
experimental data, solid lines represent Langmuir model fitting and dash lines rep-
resent Freundlich model fitting.

is necessary to verify whether the formation of Zn(OH),(s) pre-
cipitates contributes to the rapid increase of Zn(Il) uptake by
CD/MWCNT/iron oxide at pH<8.0. Based on the activity coeffi-
cient value of Zn(IlI) in 0.01 mol/L NaNOs solution (i.e., 0.675),
the actual chemical activity values for an initial Zn(II) concentra-
tions of 1, 10 and 100 mg/L are calculated to be 0.675, 6.75 and
67.5 mg/L, respectively. Considering the solubility product constant
of Zn(OH)y(s) (i.e., Ksp=2.09 x 10-16), one can deduce that Zn(II)
ions begin to form hydroxide precipitates at pH 8.5, 8.1 and 7.5 for
an actual Zn(II) chemical activity of 0.675, 6.75 and 67.5 mg/L (cor-
responding to initial Zn(II) concentrations of 1, 10 and 100 mg/L),
respectively. However, one can see that more than 90% Zn(ll) is
sequestrated on CD/MWCNT/iron oxide at pH 8.0. Hence, for initial
Zn(Il) concentrations of 1 and 10 mg/L, the observed sequestra-
tion trend at pH<8.0 may be attributed to surface complexation
interaction rather than precipitation due to the low proportion of
Zn(II) remained in solution (herein, <10%). In contrast, for initial
Zn(I1) concentration of 100 mg/L, the formation of Zn(OH),(s) pre-
cipitates doubtlessly plays a role in the dramatic increase of Zn(II)
sequestration at pH < 8.0.

3.4. Sorption isotherms

Fig. 5 shows the sorption isotherms of Zn(II) on CD/MWCNT/iron
oxide at three different temperatures (viz. 303, 323 and 343K). It
is clear that the sorption isotherm is the highest at T=343 K and
is the lowest at T=303 K, which indicates that high temperature
is beneficial for Zn(Il) sorption. Several factors may account for
the observed phenomenon: (1) the increase in temperature may
increase the proportion and activity of Zn(Il) ions in solution, the
potential charge of CD/MWCNT/iron oxide and the correspond-
ing affinity of CD/MWCNT/iron oxide toward Zn(II) ions (Partey,
Norman, Ndur, & Nartey, 2008); (2) changes in CD/MWCNT/iron
oxide pore sizes as well as the increase in the number of bind-
ing sites due to the breaking of some internal bonds are expected
at higher temperatures (Yang et al., 2011); and (3) the diffusion
rate of Zn(Il) into CD/MWCNT/iron oxide pores may increase with
increasing temperature (Geng-Fuhrman, Tjell, & McConchie, 2004).

For isotherm modeling, herein, Langmuir and Freundlich
isotherm equations are conducted to simulate the sorption
isotherms and to establish the relationship between the amount
of Zn(Il) adsorbed on CD/MWCNT/iron oxide and the concentra-
tion of Zn(II) remained in solution (Abdel-Halim & Al-Deyab, 2011;
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Table 1
The parameters for Langmuir and Freundlich model fittings.
T(K) Langmuir Freundlich
dmax (mg/g)  b(L/mg) R? K (mg'™"L"[g) n R?
303 40.90 0.084 0.972 5.20 0.535 0.921
323 42.31 0.127 0.993 7.71 0.467  0.949
343 44.43 0.183 0.985  10.52 0.406  0.974

Gandhi, Kousalya, Viswanathan, & Meenakshi, 2011; Yang et al.,
2010):

S _ bqdmaxCe
Langmuir : qe = T+0C (3)
Freundlich : ge = KpC? (4)

where C is the equilibrium concentration of Zn(Il) remained in the
solution (mg/L); ge is the amount of Zn(Il) adsorbed on per weight
unit of CD/MWCNT/iron oxide after equilibrium (mg/g); gmax, the
maximum sorption capacity, is the amount of Zn(Il) at complete
monolayer coverage (mg/g), b (L/mg)is a constant that relates to the
heat of sorption, K (mg!~".L"/g) represents the sorption capacity
when the equilibrium concentration of Zn(Il) equals to 1, and n
represents the degree of dependence of sorption with equilibrium
concentration.

The fitting results of Langmuir and Freundlich models for Zn(II)
sorption data are shown in Fig. 5. The relative parameters calcu-
lated from the two models are listed in Table 1. One can see from
Fig. 5 that the two models fit the sorption isotherms well, which
is also supported by the good correlation coefficients (all>0.900)
listed in Table 1. It can be concluded from the R? values that
Langmuir model simulates the experimental data better than Fre-
undlich model, indicating that the binding energy on the whole
surface of CD/MWCNT/iron oxide is uniform. In other words, the
whole surface has identical sorption activity and therefore the
adsorbed Zn(II) ions do not interact with each other, and they are
adsorbed by forming an almost complete monolayer coverage of
the CD/MWCNT/iron oxide particles. This phenomenon also indi-
cates that the sorption process is dominated by chemosorption
(Zhou et al., 2009). Moreover, CD/MWCNT/iron oxide composite
has a finite specific surface area and sorption capacity, thus the
sorption data could be better simulated by Langmuir model rather
than by Freundlich model, as an exponentially increasing sorption
is assumed in the latter. A large value of b implies strong binding of
Zn(II) on CD/MWCNT/iron oxide. The large K¢ values of Freundlich
model indicate that CD/MWCNT/iron oxide has a high sorption
affinity toward Zn(II). The small n values imply that a nonlinear
sorption occurs on CD/MWCNT/iron oxide surfaces.

3.5. Effect of grafted B-CD on Zn(II) uptake

To determine the specific contribution of grafted 3-CD on Zn(II)
uptake, we carefully compared the sorption amount of Zn(II) on oxi-
dized MWCNTs, MWCNT/iron oxides and CD/MWCNT/iron oxide at
pH 6.5. Despite the specific surface area of CD/MWCNT/iron oxide
(63.9m?/g) is lower than that of MWCNT/iron oxides (88.5 m2/g)
and oxidized MWCNTs (197.0m?2/g) (Hu et al., 2010), the sorp-
tion amount of Zn(Il) on CD/MWCNT/iron oxide (13.1 mg/g) is
higher than that on MWCNT/iron oxides (8.7 mg/g) and oxidized
MWCNTs (10.2 mg/g). This phenomenon suggests that the grafted
B-CD plays an important role in enhancing the sorption capac-
ity of CDIMWCNT/iron oxide composite toward Zn(II). 3-CD is a
kind of oligosaccharide that consists of seven a-D-glucose units. Its
characteristic truncated-cone structure contains an apolar cylin-
drical cavity with primary hydroxyl groups lying on the outside
and secondary hydroxyl groups inside (Badruddoza et al., 2011).

These hydroxyl groups can form strong complexes with Zn(II) and
correspondingly enhance the sorption capacity of CD/MWCNT/iron
oxide toward Zn(II).

3.6. Regeneration and reusability studies

From the economics standpoint, it is essential to use a cheap
and high-efficiency material so as to minimize the cost of sewage
disposal. In view of this point, the reusability of CD/MWCNT/iron
oxide through many cycles of sorption/desorption experiments
was investigated to evaluate the application potential of this mate-
rial in the decontamination of real Zn(Il)-bearing wastewater.
Considering the loss of the CD/MWCNT/iron oxide during each
cycle, the amount of CD/MWCNT/iron oxide and the volume of
Zn(II) solution were adjusted to the comparable measurement.
The sorption amount of Zn(IlI) on CD/MWCNT/iron oxide decreases
slightly from 13.1 mg/g to 12.6 mg/g after six cycles. The excel-
lent regeneration capacity suggests that CD/MWCNT/iron oxide
can support long term use as a cost-effective material in sewage
treatment with minimum replacement costs.

4. Conclusions

In this study, low temperature plasma-induced technology was
adopted to synthesize a novel nanocomposite by grafting 3-CD on
MWCNT/iron oxide nanoparticles. The prepared CD/MWCNT/iron
oxide nanocomposite was used in the decontamination of Zn(II)
from aqueous solution. The sorption kinetics was dominated by
liquid film diffusion process accompanying with a certain contribu-
tion of intra-particle diffusion process. The grafted (3-CD enhanced
the sorption capacity of CD/MWCNT/iron oxide toward Zn(II)
by providing multiple hydroxyl binding sites. Reusability studies
showed that CD/MWCNT/iron oxide still exhibited good sorption
capacity toward Zn(II) after six cycles of sorption/desorption exper-
iments. Besides, CD/MWCNT/iron oxide could be easily separated
from the aqueous solution with an external magnetic field. Hence,
this nanocomposite can be used as a cost-effective material for the
decontamination of Zn(Il) from wastewaters. More investigations
are ongoing in our laboratory to further evaluate the application
potential of CD/MWCNT/iron oxide in environmental pollution
cleanup.
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