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ABSTRACT

A simple ultrasound-assisted co-precipitation method was developed to prepare lipophilic thi-
ol-functionalized Fe,O, magnetic nanoparticles (EDT-Fe,O, MNPs) with sodium dodecyl sulfonate
(SDS) as dispersant and 1,2-ethanedithiol (EDT) as functionalization reagent. The property of EDT-
Fe,O, MNPs was characterized by Fourier transform infrared spectroscopy (FTIR), energy disper-
sive spectroscopy (EDS), X-ray powder diffraction (XRD), transmission electron microscope (TEM),
vibrating sample magnetometer (VSM) and thermogravimetric analysis (TGA). It was found that
EDT-Fe,O, MNPs dispersed well in the system of ethanol/water (1:1) and had an average diameter of
15 nm. The hysteresis loop of EDT-Fe,O, MNPs demonstrated that these MNPs expressed high mag-
netic responsiveness. The EDT-Fe,O, MNPs were further used as an adsorbent for removal of Hg>".
The effects of the dosage of adsorbent, initial pH of the solution and contact time were investigated.
The adsorption equilibrium and kinetics data could be well fitted with the Freundlich isotherm and
the pseudo-first-order kinetic model respectively. Furthermore, the adsorbent could be effectively
separated using an external magnetic field and regenerated.
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1. Introduction the water sediments could convert the mercury ion to the
very toxic compound methyl mercury which could readily
accumulate in human body [6]. As a consequence, a series
of damages and subsequent diseases will be caused, such as
neurological and renal dysfunctions, serious cognitive and
motion disorders, hepatic injury, hydrargyriasis disease,
Amyotrophic lateral sclerosis and Alzheimer’s diseases
[3,7-9]. Therefore, in the field of environmental engineering
and health control, removal of Hg** is undoubtedly of great
importance.

To date, adsorption, ion exchange, amalgamation, and
chemical precipitation are a few of the available techniques
for the removal of mercury and other heavy metal ions
from contaminated water [10-13]. Relatively, adsorption
is considered to bean effective and economical method for
removal mercury ions. Different types of absorbents have
been proposed including active carbon [14], noble nanopar-
ticles [15,16] mesoporous materials [17,18], polymer [19,20]
*Corresponding author. and biosorbents [21,22]. Recently, organically functionalised

Heavy metals, though essential for industry, have
been recognized as major pollutants to plants, animals
and human beings for their highly toxic, non-biocompati-
ble traits [1]. Mercury is a typical hypertoxic heavy metal
and hazardous substance to cause accidental pollution
events, such as Minamata disease in Japan and it has been
regarded as one of “the priority hazardous substances” by
the Agency for Toxic Substances and Disease Registry [2,3].
Mercury poisoning is a serious threat to human health, and
global mercury emissions continue to rise at an alarming
pace [4]. Solid waste incineration and the combustion of
fossil fuels are significant sources of mercury emissions
[5]. It is worth to note that once mercury has been intro-
duced into the aquatic ecosystem,some aquatic bacteria in
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magnetic nanoadsorbents have been receiving a great deal
of attention in this field.

Adsorbents based on strong Hg-S bonding, such as
2-aminothiazole, dimethyl sulfoxide, dithizone, 2-mercap-
tobenzimidazole, 6-mercaptopurine, and thiosemicarbazide
are commonly used for removing mercury ions from natural
water [23-25]. Most of these mercapto functionalized mat-
ierals was used in solid phase extraction (SPE). However,
tedious and complicated processes are required to prepare
these adsorbents, and thus, they are typically costly.

A distinct advantage of magnetic separation is that mag-
netic nanoparticales can be efficiently isolated from sample
solutions by the application of an external magnetic field.
Generally, most of the dissolved environmental contami-
nants are nonmagnetic, and thus do not respond to a mag-
netic field. Furthermore, magnetic nanoparticles possess
large surface areas and have unique magnetic properties.
High efficient removal of Hg*" from complex environmen-
tal matrices can be obtained when functional mercapto
ligands are bounded onto these magnetic nanoparticles.
The primary aim of this work is to demonstrate a simple
strategy for removal of Hg?* from water based on our mag-
netic Fe,O, nanoparticles (Fig. 1). Our facile approach takes
advantage of the strong affinity with Hg* and mercapto
modified Fe,O, nanoparticles.

2. Experimental
2.1. Materials

FeSO,-7H,O, FeCl,-6H,0, NH,-H,O, ethanol, 1,2-ethan-
edithiol (EDT), sodium dodecyl sulfonate (SDS) obtained

from Aladdin reagent (Shanghai, China) were of analytical
reagent grade or better quality and used as received without
further purification. Ultrapure water was used throughout
the experiment. The aqueous solution of Hg* (1 mg/mL)
was prepared daily by using HgCl, (Merck, Darmstadt, Ger-
many). More diluted mercury solutions were prepared with
step-by-step dilution of concentrated mercury solutions.

2.2. Synthesis procedure of the mercapto modified Fe,O,
nanoparticles

The preparation of the aqueous magnetic Fe,O, nanopar-
ticles was based on co-precipitation of Fe** and Fe** salts in
alkali aqueous medium (NH,OH) under ultrasound irradi-
ation. Since the as-synthesized nanoparticles show a strong
tendency to agglomerate, they have to be dispersed prior to
their coating with EDT. A stable aqueous suspension of super
paramagnetic Fe,O, nanoparticles was prepared using SDS as
the surfactant through a procedure described [26]. In a typi-
cal synthesis, known molar ratios of Fe** salt, Fe** salt and SDS
served as feed solutions. The reactor was filled with dry N,
and the temperature of the whole reactor was maintained at
50°C. Continuous and homogeneous ultrasonic irradiation all
over the solutions were provided by an ultrasonic reactor. The
pH value in the solution is an imperative factor for controlling
the chemical species and size distribution of the synthesized
Fe O, particles. In this paper, the pH value in the reaction sys-
tem was adjusted to 9 by pumping in NH,-H,O solution with a
flow rate of 2 mL/min. Obtained Fe,O, precipitate was aged at
80°C for 30 min in an ultrasonic water bath. To purify prepared
Fe O, particles, the samples were washed repeatedly with
ultrapure water and ethanol until pH level of 7 was reached.
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Fig. 1. The synthetic route of EDT-Fe,O, MNPs and its magnetic separation of Hg>*.
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To obtain mercapto modified magnetic nanoparticles,
ligand exchange reaction by EDT and SDS capped Fe,O
nanoparticles was performed. The as-synthesized Fe,O,
nanoparticles were washed three times and dispersed in
40 mL ethanol. 580 puL EDT solution was added dropwise
under ultrasound irradiation. After reaction for 20-30 min,
the nanoparticles were collected by a magnetic field and
washed three times with ethanol. The precipitant was then
dried in vacuum for characterization.

4

2.3. Characterization

Transmission electron microscopy (TEM) was carried out
using a field emission TEM (G2 F20 S-Twin, Tecnai,America)
at 200 kV to measure the particle size and shape. Magnetic
behavior was tested by a vibrating sample magnetometer
(VSM) (7407, Lake Shore,America). The infrared spectrum
was obtained using a Fourier Transform-Infrared Spectrom-
eter (FT-IR, 470 spectrometer, Nicolet Nexus,America) to
identify the functional groups and chemical bonding of the
coated nanoparticles. X-ray diffraction measurements (D8
ADVANCE, Bruker, Germany) were conducted to inves-
tigate the crystal structure of the nanoparticles. The zeta
potential and the hydrodynamic diameter of the nanoparti-
cles was measured by dynamic lights scattering (ZetaSizer
nanoZS, Malvern, England). Organic components of Fe,O,
nanoparticles were studied by thermal analysis-thermo-
gravimetry (TGA/SDTA85le, Mettler-Toledo, Switzer-
land). The synthesis was under the ultrasonic irradiation
(JYD-650L,Zhi Sun instrument, China). EDT solution was
added with a Syringe Pump (LSP02-1B, Longer, China). The
concentrations of Hg** solutions were measured on a dual
beam UV-Vis Spectrophotometer (U-1900 Purkinje General,
China).

2.4. Adsorption experiments

All adsorption experiments were performed at 25°C and
repeated at least twice to ensure accuracy of the obtained
data. The adsorption of Hg*" ions by EDT-Fe,O,MNPs are
as follows (the process is shown in Scheme 1): 2 ymol/L
of EDT-Fe,O, MNPs were added to a 4 mL mercury-con-
taining solution adjusted to pH 6 and mixed for several
minutes at a 500 rpm agitation speed.0.1 mol/L HCl and
0.1 mol/L NaOH solutions were used for pH adjustment.
Then the magnetic adsorbent was removed magnetically
from the solution with a permanent magnet. The adsorp-
tion time, solution pH, and adsorbent dose was changed to
reveal their impacts on Hg?** adsorption. The concentration
of Hg?* ions in the aqueous solution after adsorption was
quantified by the colorimetric method of National Standard
of China (GB/T 5750.6-2006) [27], at a wavelength of 485
nm, after a minor modification.

For the calculation of the mercury adsorption rate (R) by
EDT-Fe,O, MNPs, the following expression was used:

C,-C,

0

R(%) = %100 (1)

where C, denotes the initial concentration of Hg** and C, is

the concentration of Hg?* at the time # [28].

3. Results and discussion
3.1. Preparation and characterization of EDT-Fe,O, MNPs

The magnetically assisted chemical separation (MACS)
process, in which researchers utilized magnetic nanopar-
ticles coated with a selective functional groups for the
efficient recovery of hazard materials, provides a useful
method of decorporation based on magnetic nanoparticles
[29]. Fig. 1 shows the synthetic route of mercapto conju-
gated Fe,O, nanoparticles and magnetic separation of Hg>*.

TEM was used to observe the morphology of the adsor-
bent. As shown in Fig. 2a, the as-prepared EDT-Fe,O, MNPs
are found to be quasi-spherical in shape, and have nearly
uniform distribution of particle size. The average diameter
of EDT-Fe,O, MNPs was 15 nm. Elemental mapping anal-
ysis of the EDT-Fe,O, MNPs was studied by EDS (Fig. 2b).
Characteristic peaks are assigned to iron, sulphur, carbon
and oxygen elements, which unanimously interprets that
EDT anchors to the surface of Fe,O, MNDPs.

It has been reported that Fe,O, particles with diameters
smaller than 20 nm are likely to exhibit a superparamag-
netic property [30,31]. Magnetic property of EDT-Fe,O,
MNPs was performed at room temperature using a vibrat-
ing sample magnetometer (VSM) in an external magnetic
field, as shown in Fig. 3a. The saturation magnetization of
EDT-Fe,O, MNPs obtained from the hysteresis loop was
25 emu/g and the EDT-Fe,O, MNPs exhibited negligible
coercivities and remanence, which clearly indicates their
superparamagnetic behavior [32]. The results reveal that-
EDT-Fe,O, MNPs can be separated rapidly from aqueous
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Fig. 2. (a) TEM and (b) EDS of EDT-Fe,O, MNPs.
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Fig. 3. (a) Magnetic hysteresis loop, and (b) Photographs of the
separation (A to D) and redispersion (E) process of EDT-Fe,O,
MNPs.

solution because saturation magnetization of 16.3 emu/g is
sufficient for magnetic separation with a conventional per-
manent magnet [33].

A significant advantage of MNPs with the superpara-
magnetic property for magnetic separation is that after
aggregation by a magnetic field, the aggregated MNPs can
be easily redispersed in solution upon removal of the mag-
netic field [32]. As shown in Fig. 3b, after dispersing the
as-synthesized EDT-Fe,O, MNPs, a magnet was used for
separation. Upon removal of the magnetic field, the EDT-
Fe,O, MNPs were easily redispersed in water with slight
shaking, suggesting their potential application of magnetic
adsorbent.

The crystal structure of as-synthesized MNPs is pre-
sented in Fig. 4. Six characteristic peaks at 20 = 30.2°, 35.4°,
43.2°,53.8°,57.1° and 62.8° are observed, which are ascribed
to the (220), (311), (400), (422), (511) and (440) planes of Fe,O,,
respectively [34]. The reflection peak positions and relative
intensities of MNPs are well in agreement with the data-
base of JCPDS 75-1609, confirming the resultant nanopar-
ticles are pure Fe,O,with a spinel structure and the ligand
exchanging process have no effect on the phase change. The
XRD results also demonstrate high crystallinity of prepared
Fe,O, nanoparticles.

FTIR spectroscopy, a sensitive technique to detect the
molecular vibrations, can be used to study the surface
structures of the as-synthesized EDT-Fe,O, MNPs. Fig. 5
shows the FTIR spectra of SDS-Fe,O, MNPs (a) and EDT-
Fe,O, MNPs (b). The broad peaks centered at 3400 cm™
and 613 cm™ are attributed to the stretching vibrations of
O-H bond from residual water in the samples and Fe-O
bond. This peak for Fe-O was shifted to a higher wave-
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Fig. 4. XRD pattern of the EDT-Fe,O, MNPs.
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Fig. 5. FTIR spectra of (a) SDS-Fe,O, MNPs, and (b) EDT-Fe,O,
MNPs.

number compared to the peak of bulk Fe,O, MNPs, due
to the modifying of SDS and EDT on the surface of Fe, O,
MNPs [35]. In the case of SDS-Fe,O, MNPs (Fig. 5a), the
absorption bands at 1643 cm™ and 1386 cm™ are related
to the stretching vibrations of C-C and C-H, respectively.
While in Fig. 5b, a new peak was appeared at 2370 cm™
that indicated the S-H stretching of EDT moiety, revealing
that the EDT has been successfully grafted onto the sur-
face of Fe,O, MNPs [36]. The peak observed at 2937 cm™
correspond to the C-H stretching vibrations of the CH,
group.

The thermal behavior of the SDS-Fe,O, MNPs and-
EDT-Fe,0, MNPs were also monitored (Fig. 6). As shown
in Fig. 6a, the weight loss for SDS-Fe,O, MNPs over the
temperature ranging from 100°C to 800°C is only about
3%, which can be ascribed to the loss of SDS on the sur-
face of Fe,O, MNPs. While the TGA curve for EDT-Fe O,
MNPs (F1g 6b) shows two weight change steps. Below
200°C, the weight loss is quite small due to the evapo-
ration of physically adsorbed water in the sample. After
that, there is an obvious weight loss of 13% from 200°C
to 350°C, which may result from the decomposition of
SDS and EDT on the surface of material. Taking this into
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Fig. 6. TGA analysis of (a) SDS-Fe,O, MNPs and (b) EDT-Fe,O,
MNPs.

account, we speculate that the EDT ligand has been suc-
cessfully capped onto the surface of Fe,O, MNPs, also
supporting the FTIR analysis. Besides, the differences in
total weight loss for both samples give evidence for cal-
culating the percentage of EDT molecules attached to sur-
face of nanoparticles. Thus it is implicit that about 10% of
the EDT was adsorbed onto the surface of the nanoparti-
cles. While the weight gain, beginning at around 400°C
and completing by 500°C, could be attributed to the
transformation from Fe,O, toFe,O,. When the tempera-
ture is higher than 700°C, the weight remains basically
unchanged suggesting that only iron oxide is present in
this temperature range.

3.2. Adsorption properties
3.2.1. Effect of pH

The solution pH is one of the most important factors
for the adsorption of heavy metal ions, since pH values
determine not only the activity of adsorption sites on the
adsorbent, but also the existing forms of heavy metal ions
in solution. Therefore, it is highly significant to investigate
the influences of solution pH on heavy metal ions adsorp-
tion. The effect of pH on Hg* removal using EDT-Fe,O,
MNPs was assessed at pH values ranging from 2 to 10.
As is illustrated in Fig. 7, the removal efficiency decreased
slightly with increasing solution pH. Mainly because, with
the increase of solution pH, more and more Hg*" get out
of the solution to form insoluble colloidal metal hydrox-
ide of Hg(OH),, thus inhibit the adsorption process and
decreased the adsorption efficiency. Therefore, we used
sample solutions at the optimal pH of 6.0 for further
adsorption experiments.

3.2.2. Effect of contact time

The importance of contact time comes from the need
for identifying the possible rapidness of binding and
removal processes of the tested metal ions by the adsor-
bents and obtaining the optimum time for removal of the
target metal ions. The effect of contact time on adsorp-
tion of Hg* onto EDT-Fe,O, MNPs was carried out at
5-50 min as shown in Fig. 8. There were almost no sig-
nificant changes in the adsorption efficiency from 5-50
min. This can be explained by the reduced availability
of Hg* to active sites on the EDT-Fe,O, MNPs surface.
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Fig. 7. Effect of pH on Hg** adsorption efficiency. Experiment
conditions: 2 pmol adsorbents, 1.0 mg/L Hg?* solution, 10 min
contact time, 500 rpm agitation speed, room temperature.
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Fig. 8. Effect of adsorption time on Hg?* adsorption efficiency.
Experiment conditions: 2 pmol adsorbents, 1.0 mg/L Hg* solu-
tion, 500 rpm agitation speed, pH = 6.0, room temperature.

However, over 86.3% of Hg? could be removed within
10 min, indicating that the adsorption equilibriums were
achieved quickly. Such a rapid adsorption rate could be
attributed to the absence of internal diffusion resistance
and this property is attractive for practical application.
Therefore,optimum contact time for adsorption of Hg*
was considered to be 10 min.

3.2.3. Effect of the adsorbent dosage

Due to their significantly high surface area and short
diffusion route compared with other sorbents, nanopar-
ticles can have high adsorption efficiency and fast
adsorption dynamics. Thus satisfactory results with less
adsorbent can be achieved with these sorbents. To inves-
tigate the effect of EDT-Fe,O, MNPs amount, various
concentrations of EDT-Fe,O, MNPs in the range of 2-26
pmol at a fixed initial Hg** concentration of 1.0 mg/L were
used to adsorb Hg** under the optimum condition (pH =



Y. Pang et al. / Desalination and Water Treatment 139 (2019) 288-296 293

95

90 |
[ —
851 H

80 -

]

75
70 |-

65 -

Adsorption efficiency of ng+ (%)

60 N ) . 1 N 1 . 1 . I R
0 5 10 15 20 25 30

EDT-Fe, O, MNPs amount (umol)

Fig. 9. Effect of adsorbent dosage on Hg** adsorption efficiency.
Experiment conditions: 1.0 mg/L Hg? solution, 10 min contact
time, 500 rpm agitation speed, pH = 6.0, room temperature.

6, t = 10 min) (Fig. 9). It can be observed that the removal
efficiency was increased slightly with enhancement of the
adsorbent dose from 2-10 umol. This observation arises
from the increasing adsorbent surface area and the avail-
ability of Hg** to adsorption active sites. The adsorption
reached a maximum with 10 pmol of adsorbent and the
maximum percentage removal was about 88%. Similarly,
at a lower concentration of EDT-Fe,O, MNPs (2 pmol), the
percentage removal of Hg** reached 85%. Thus, consider-
ing the practical application and cost of the nanoparticles,
the concentration of 2 ymol was adopted for the succeed-
ing studies.

3.2.4. Adsorption isotherms

The adsorbent capacity and the driving force of adsorp-
tion are essential data for designing an appropriate adsorp-
tion treatment process. Thus to obtain basic knowledge of
the equilibrium relationship between the solid adsorbent
and liquid adsorbate, the most frequently applied adsorp-
tion isotherms of Langmuir and Freundlich equations sorp-
tion isotherm models are adopted. The Langmuir isotherm
[Eq. (2)] assumes monolayer adsorption onto a homoge-
neous surface with a specific number of equivalent sites,
while the Freundlich isotherm [Eq. (3)] is based on the
assumption of multilayer adsorption, the equations are
expressed as follows [37]:

Lanmuir modal : 11 X 1 + 1 )

9. Kq, C, g,

Freundlich modal :Ing, =In K + l11r1 C, (©)]
n

where variable g,and C, are the adsorption capacity (mg/g)
and metal concentration (mg/L) at equilibrium; q, is the
maximum adsorption capacity (mg/g) and K is the Lang-
muir adsorption constant (L/ mg), while n and K are the
Freundlich constants.
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Fig. 10. Langmuir (a) and Freundlich (b) adsorption isotherm fit
of Hg* at 298 K, 308 K and 318 K.

The adsorption isotherm experiments were performed
under three different temperatures of 298, 308 and 318 K,
the linear fitting curves are displayed in Fig. 10. The regres-
sion coefficients (R?) for the Langmuir model are 0.98, 0.94
and 0.94 at 298 K, 308 K and 318 K, respectively. However,
the R%values (0.98, 0.96, 0.97) for the Freundlich isotherm at
this given temperature are better than Langmuir model. It
reveals that Freundlich model is more reliable in describing
the adsorption behavior of EDT-Fe,O, MNPs for Hg** than-
Langmuir model, which indicates the presence of hetero-
geneous surface sites in the adsorbent and the multilayer
coverage of Hg* [32].

3.2.5. Adsorption kinetics

The carbon-bonded sulfhydryl (R-SH) group in the
EDT molecule creates strong interaction with the mercury
ions because of the strong bonding of Hg and S. There-
fore, EDT-Fe,O,-NMPs can adsorb mercury ions in the
aqueous solution. Understanding the kinetics of metal



294 Y. Pang et al. / Desalination and Water Treatment 139 (2019) 288-296

40F =
K4= 0.606 min™!
A5 qe=499.17 mg/mL
2_
20} R?=0.976
&
S
Z a5f
o
30}
a5
T T T T T T T T T T
0 2 1 6 8 10

T { min)

Fig. 11. Pseudo-first-order mode plot for the adsorption of Hg*
onto the EDT-Fe,O, NMPs.

ions removal by EDT-Fe,O, MNPs is of great importance
for its practical application. Kinetic models have been
developed to investigate the adsorption mechanism and
the potential rate-limiting steps, which may include mass
transport and chemical reaction processes. The rates at
which metal ions move from the solution to the adsorbent
surface and accumulate determine the kinetics of adsorp-
tion, and hence, the efficiency of the adsorption process
[38]. For this purpose, the pseudo-first-order model was
used to study the adsorption mechanism of the metal
ions on the solid phase. The linear model of the pseu-
do-first-order model (Eq. 4) is expressed by the following
equation [39,40]:

kd
u_t 4
2.303 @

log (g, —q,)=logg, -

where k , is the pseudo-first-order rate constant (min™) of
adsorption which can be obtained from the straight line plot
of log (g, g,) versus t, while g, and g, are the adsorption
capacities of Hg** (mg/g) at equilibrium and at time t (min),
respectively.

The linear plot of the kinetic model for Hg?* is presented
in Fig. 11. The pseudo-first order kinetic model fit adsorp-
tion data well with R*= 0.976, indicating that the adsorption
of Hg* onto EDT-Fe,O, NMPs obeys the pseudo-first-order
kinetic model for the whole adsorption period. Moreover,
adsorption capacity at equilibrium calculated from the
pseudo-first order model fitting (g, ) was 499.17 mg/mL
and k, the slope was 0.606 min™.

e(cal)

3.2.6. Desorption experiment

Desorption of metal ions from adsorbent and regen-
eration of the adsorbent are a major issue in view of reus-
ability of the adsorbent. For desorption study, the metal
ion-loaded EDT-Fe,O, NMPs adsorbent collected with
a magnet from the adsorption experiments, and washed
with water to remove the unabsorbed metals loosely
attached to the vial and adsorbent. Then different con-
centrations of acetic acid (0.2 M,0.5 M and 1.0 M) as the

Table 1

Effect of different eluents on desorption recovery (%)
Eluent Conc. of eluent (M) Recovery (%)
Ammonia 0.2 24
Ammonia 0.5 77
Ammonia 1.0 11.3
Acetic acid 0.2 12.7
Acetic acid 0.5 431
Acetic acid 1.0 84.8

eluent was added to the separated adsorbent. The final
concentration of metal ions in the eluent was determined
by spectrophotometer and the final results are shown in
Table 1. According to Table 1, it is evident that out of the
two eluents, acetic acid had been identified as the best elu-
ent as it had 84% desorption efficiency, whereas ammonia
showed a maximum of 11% desorption efficiency. Electro-
coagulation [41] and some advanced materials [42] such
as graphene oxide functionalized with magnetic nanopar-
ticles [43], multi-walled carbon nanotubes [44] have been
reported for removal of mercury in aqueous environments.
Compared with these materials, the EDT-Fe,O,-NMPs are
facile to synthesis and functionalize.

4. Conclusion

In the present work, a novel kind of surface mer-
capto modified Fe,O, magnetic nanoparticles (EDT-Fe,O,-
NMPs) was prepared by a simple co-precipitation method
combined with surface modification with EDT agent. The
obtained EDT-Fe,O-NMPs are quasi-spherical with an
average diameter of about 15 nm and saturation mag-
netization of 25 emu/g. The Hg** quickly adsorbed onto
EDT-Fe,O,-NMPs and adsorption process followed the
pseudo-first-order kinetic model. The adsorption pro-
cess can be better simulated by the Freundlich isotherm
to explain the adsorption behavior of Hg* on EDT-Fe O,-
NMPs. In addition, the adsorbent can be separated and
recovered by the external magnetic field easily. Its reus-
ability could be achieved by treating the used EDT-Fe, O,-
NMPs with acetic acid. Although the EDT-Fe,O,-NMPs
can adsorb the Hg?*, as well known that the -SH also has
interactions with Pb* and Cd?**. The as-prepared material
has low selectivity for these three heavy metals. Therefore,
the EDT-Fe,O,-NMPs would be a potential candidate as a
highly efficient and inexpensive adsorbent for Hg?**, Pb**
and Cd*.
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