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ABSTRACT

In this study, magnetic polyvinyl acetate (MPVA) microspheres were prepared with the
inverse suspension cross-linked method by adding magnetic nanoparticles (Fe;O,) into the
PVA gel. Then, the resulting MPVA microspheres were modified with amino and ethylene-
diamine tetra acetic acid (EDTA) groups, which are both associated with nitrogen chelation.
The final product, multi-N-functional MPVA (N-MPVA) microspheres, was characterized
by scanning electron microscopy, infrared spectroscopy, X-ray photoelectron spectroscopy,
and vibrating sample magnetometer. Characterization results showed that the diameter of
N-MPVA was about 10 pm; its saturation magnetization value was 4.89 emu gfl, and it
possessed abundant amino and EDTA groups. A series of adsorption experiments were con-
ducted to investigate the adsorption behavior, adsorption kinetics, and isotherms of differ-
ent mono-, di-, and tri-valent heavy metals, i.e. Ag", Cu?*, and Cr®". Results showed that
the adsorption capacity of heavy metals with different valences was Ag* > Cu** > Cr’*.
After three recycles, the loss of adsorption capacity did not exceed 25%. In addition, the
chelating mechanism of the amino and EDTA groups with different valences was studied.
This present work introduces the potential for using N-MPVA as an effective and recyclable
adsorbent for the removal of heavy metal ions.
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1. Introduction

Heavy metal contamination in aqueous solutions
originate from many sources, such as metal plating
facilities, mining operations, pigment manufacturing,
petroleum refining, and tanneries [1]. Many heavy
metals in small amounts are important to the regular

*Corresponding authors.

process of biological cycles. However, when these
metals exceed a certain concentration, they may result
in various diseases and disorders through bioaccumu-
lation in the food chain [2]. For example, silver may
induce the de-energization of cells and disrupt DNA
replication [3]; copper may damage cell membranes
and cause plant cell death [4]; chromium is an essen-
tial trace element for health, but it also causes some
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diseases when its dosage oversteps the normal range
[5]. Over the past decade, various methods, such as
chemical precipitation, flotation, oxidation reduction,
and biological methods, have been used to remove
heavy metals [6]. However, every method has its own
shortcomings in terms of complexity, efficiency, reus-
ability, and cost. Considered as an effective approach
to remove toxic heavy metals from wastewater,
adsorption has attracted considerable attention [7,8].
Two types of methods are always used to further
enhance the adsorption ability of absorbent: expansion
of the specific surface area of an absorbent and
modification of different functional groups onto an
absorbent.

Increasing the porosity of adsorption materials can
increase specific surface areas, such as by applying
porous NaY or activated carbon [9-11]. Decreasing the
volume of adsorption materials can also achieve the
same effect. PVA microspheres prepared through
inverse suspension cross-linked method are stable and
non-toxic. Importantly, they have large specific surface
areas [12]. However, the PVA microspheres are diffi-
cult to be effectively separated from aqueous solu-
tions. Utilizing magnetism can solve this problem.
Magnetic absorbents can conveniently facilitate the
separation of materials from wastewater with use of a
magnet [13-17]. Moreover, magnetic nanoparticles
(Fe3O4) prepared by co-precipitation [18] are hydro-
philic. Hence, we can add magnetic nanoparticles
(Fe;04) in the process of inverse suspension cross-
linked method to obtain magnetic PVA microspheres.

Tetrazole, humic acid, 2-aminothiophenol, and
other chemicals have been modified by the reaction of
useful organic moieties. These methods could result in
excellent adsorption performance [19-21]. Chelating
materials, particularly chelating resins with nitrogen-
containing or oxygen-containing complex ligands,
such as amino, nitro carboxyl, and ethylenediamine,
have been proven to chelate large amounts of heavy
metal ions. Ethylenediamine tetra acetic acid (EDTA)
has multiple lone pairs of electrons and can strongly
attract heavy metal ions [22,23]. Therefore, synthesized
ideal EDTA-type absorbents have emerged in, such as
PS-EDTA resin [24].

Based on the above analysis, we attempted to pre-
pare PVA microspheres with embedded magnetic
nanoparticles (Fe;O4), and then functionalized with
amino and EDTA groups, as illustrated in Fig. 1. The
performance of the N-MPVA microspheres in the
removal of toxic heavy metal ions was investigated.
The resulting products were designed to adsorb differ-
ent mono, di, and tri-valent heavy metal ions, particu-
larly Ag", Cu?*, and Cr**, from the aqueous solutions.
This type of material exhibited excellent performance
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in terms of removal of heavy metal ions with different
valences, and separation by an external magnetic field,
from aqueous solutions. The structure, composition,
and magnetic property of the N-MPVA microspheres
were characterized with scanning electron microscopy
(SEM), infrared spectroscopy (FTIR), X-ray photoelec-
tron spectroscopy (XPS), and vibrating sample magne-
tometer (VSM).

2. Materials and methods
2.1. Materials

All reagents used in this study were of AR grade.
PVA (1,750 +50), paraffin, Span-80, epichlorohydrin
(EPC), ethanediamine, AgNO;, CuSO,'10H,O, and Cr
(NO3)3'9H,0 were obtained from Sinopharm Chemical
Reagent Co. Ltd (Beijing, China). Glutaraldehyde, tet-
rabutyl ammonium bromide (TBAB), and sodium
chloroacetate were obtained from Sigma-Aldrich
Reagent Company (Shanghai, China).

2.2. Preparation of the magnetic polyvinyl acetate
microspheres

PVA (4g) and Fe;0; nanoparticles (0.4g) which
were prepared in advance by co-precipitation were dis-
solved in 40 mL distilled water with vigorous mechani-
cal stirring in a boiling water bath for 1h. After the
mixture was cooled to room temperature, liquid paraf-
fin (80 mL) and Span-80 (2 g) were added to the flask
with continuous stirring at 60°C for 2 h. Then, the tem-
perature of boiling water was adjusted to 80°C. HCI
(01M, 2mL) and glutaraldehyde (50%, 4mL) were
rapidly dropped under continuous stirring for 30 min.
Finally, the magnetic PVA microspheres were rinsed
repeatedly with petroleum ether to remove impurities
and left to dry completely for few days.

2.3. Preparation of N-MPV A microspheres

Magnetic polyvinyl acetate (MPVA) (2g), EPC
(bmL), and HCl (0.01M, 100mL) were mixed and
heated in a water bath with mechanical stirring at
80°C for 2 h. The products were then rinsed repeatedly
with distilled water and left to dry completely for a
few days. The resulting products, sodium hydroxide
(2.5g), ethanediamine (20 mL), and TBAB (0.1 g) were
then mixed in 20 mL distilled water and heated in a
water bath with continuous mechanical stirring at
85°C for 6h. The products were rinsed thoroughly
with distilled water and ethanol to remove impurities
and then left to dry completely for few days. The
resulting products, sodium hydroxide (2.5g), TBAB
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Fig. 1. Synthetic routes of N-MPVA microspheres.

(0.1g), and sodium chloroacetate (2.52g) were dis-
solved in 20mL distilled water. The mixture was
heated in a water bath with continuous mechanical
stirring at 85°C for 6h. The resulting products were
rinsed repeatedly with distilled water and ethanol,
and then left to dry completely for a few days.

2.4. Apparatus

The size and surface morphologies of the N-MPVA
microspheres were visualized with a Hitachi S-4800
scanning electron microscope (Japan). The samples
were sputter-coated with gold for 60s and then visual-
ized at an accelerating voltage of 5kV. The infrared
spectra of the N-MPVA microspheres were obtained
by a TENSOR27 Perkin-Elmer FTIR spectrum
(America). The resulting products were measured by
ATR instrument. XPS was performed on the final
N-MPVA microspheres with a PHI 5000 VersaProbe
electron spectrometer (Japan). The magnetism of the
resulting product was measured with a MPMS? super-
conducting quantum interference device magnetome-
ter (America). Zeta potentials were measured by a

H
'S~ NHCH,CH,NH
< 1

@, CH,COONa
ole

CH,COONa CH,COONa CH,COONa
\ ng/\, NCH,CH,N
CH,COONa @ CH,COONa
®'®
Nano-Z Zeta potential measurement analyzer

(England). The concentrations of heavy metal ions in
the aqueous solutions were analyzed with a Thermo
6300 ICP Spectrometer (America).

3. Adsorption experiments

To study the effect of different parameters, such as
contact time, initial concentrations, solution pH, ionic
competition, and reusability, we investigated the
adsorption behavior of Ag®, Cu®’, and Cr’* on
N-MPVA. The data were used to calculate the
amounts of heavy metal ions adsorbed Q (mgg™")
with the use of Eq. (1):

(C—Co)x V
m

Q= ¢))

where Q (mgg ') is the adsorption capacity of the
magnetic absorbent; C; and C. (g L™Y) are the initial
and equilibrium concentrations of heavy metal ions,
respectively; V (L) is the solution volume of heavy
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metal ions; and m (g) is the mass of the N-MPVA
microspheres.

3.1. Adsorption isotherm experiments

The adsorption isotherm batch experiments were
performed as follows: N-MPVA (2 mg) was added to a
heavy metal ion solution (Ag®, Cu®*, and cr’,
pH 5, 5mL) by shaking at 180 rpm at 25°C for 6 h. The
initial solutions of the heavy metal ions (Ag*, Cu®*,
and Cr’*) were varied from 10 to 100mgL™" and
150mgL™". All pH values of the solutions were
adjusted with HNO;.

3.2. Adsorption kinetic experiments

The adsorption kinetic batch experiments were
conducted as follows: N-MPVA (2mg) was added to
a heavy metal ion solution (Ag", Cu?*, and Cr**, 100
mg LY pH 5, 5mL) with continuous shaking at 25°C
at 180 rpm for 10, 20, 40 min, 1, 2, 4, 6, and 12h. All
pH values of the solutions were adjusted with
HNO:;.

3.3. Different pH experiments

The surface electrical characteristic of N-MPVA in
water was investigated through zeta potential mea-
surement. The effects of solution pH were studied by
addition of N-MPVA (2mg) to the heavy metal ion
solution (Ag", Cu®*, and Cr**, 100 mgL~!, 5mL). The
solution pH was varied from 2.0 to 12.0 by adding
either HNO; or NaOH.

3.4. Ionic competition and reusability experiments

The desorption of heavy metal ions from N-MPVA
was determined with 0.01M HNO; as follows:
magnetic absorbent (2mg) was added into three
heavy metal ion mixture solutions (Ag®, Cu®*, and
cr?t, 100 mg L pH 5, 5mL) after continuous
shaking at 180 rpm at 25°C for 6 h, and the concentra-
tions of the three heavy metal ions were measured.
Heavy metal solutions were separated from the
mixture with a magnet to recover the magnetic sam-
ple; the sample was dropped in HNO; (0.01M,
10mL) through shaking at 180 rpm for 2h and left to
dry for the next adsorption experiment. The adsorp-
tion-desorption cycles of N-MPVA during heavy
metal removal were repeated three times with the
same material. All pH values of the solutions were
adjusted with HNO;.
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4. Results and discussion
4.1. Characterization of the N-MPV A microspheres

The surface morphology of the N-MPVA micro-
spheres is shown in Fig. 2. The N-MPVA microspheres
were approximately spherical in shape with a mean
diameter of approximately 10 um.

Fig. 3 shows the FTIR spectra of MPVA and
N-MPVA. The initial vibration of O-H at 3,350 cm '
was observed, and the band seen at 2,916cm ! was
attributed to the vibration of C-H. Moreover, evident
new peaks of N-MPVA appeared at 1,577 and
1,630cm ™!, indicating the antisymmetric stretching
vibration of amino and the stretching vibration of
blue-shifted carboxyl because of connections with the
polymer chain. The PVA microspheres had been
modified successfully.

To illustrate the chemical characteristics well, the
high-resolution spectra in XPS are shown in Fig. 4.
The deconvolution of the C (1s) spectra yielded eight
main peaks: peak 1 (288.1eV), —C=0O; peak 2
(287.3eV), -C-O; peak 3 (286.2eV), -C-OH; peak 4
(285.7eV), -C-N; peak 5 (285.2eV), -C-NH,; peak 6
(284.8 eV), C-H; peak 7 (284.5eV), -C-H—; and peak 8
(284.1eV), -C-C-. The N (1 s) spectra showed that the
element N and its main forms exist as -C-N- (398.9
eV), -NH or -NH, (399.8eV), and NH; (402 eV). The
deconvolution of the O (1) spectra yielded four main
peaks: peak 1 (532.5eV), -C-O; peak 2 (531.9eV), -
OH; peak 3 (531.2¢eV), -C=0; and peak 4 (530.3eV),
Fe;O,. These results illustrated that the PVA micro-
spheres had been grafted with amino and EDTA
groups, and a small amount of Fe;O4 was contained.

Fig. 5(a) shows the magnetic properties of
N-MPVA determined on the basis of the magnetic

5-4800 5.0kV 9.3mm x9.00K SE(M)

Fig. 2. SEM photograph of N-MPVA.
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Fig. 3. FTIR spectra of MPVA and N-MPVA.

hysteretic curve measured at 25°C. The saturation
magnetization value of N-MPVA was 4.89emug .
The simple attraction progress of the magnetic absor-
bent material by a magnet is described in Fig. 5(b).
The dark brown magnetic materials were attracted to
the container wall within 5 s after an external magnet
was applied, which proved that N-MPVA could be
used for magnetic separation.

4.2. Adsorption isotherm

To describe the adsorption isotherm well, the
Langmuir and Freundlich isotherm models were used
to illustrate isotherm performance. The Langmuir
equation assumes that both adsorption and monolayer
adsorption occur at specific homogeneous sites, and
each site can accommodate only one molecule or atom
[25-27]. The Langmuir isotherm is represented by the
following expression:

1 1 1

R 2
Qe Qmax * KLQmaxCe ( )

where Q. is the equilibrium adsorption capacity
(mgg™"), C. is the equilibrium concentration of heavy
metal ions (mg LY, and Ky is the Langmuir isotherm
parameter (L mg ™).

The Freundlich isotherm is applied to non-ideal
adsorption on heterogeneous surfaces, as well as to
multi-layer adsorption [28,29]. The Freundlich iso-
therm is described as follows:

(a) Ci1s

290 288 286 284 282 280
Binding energy (eV)

E (U | A (R (SN [T SR [T M M [ S |
408 406 404 402 400 398 396 394

Binding energy(eV)

(c) O1s

536 534 532 530 528
Binding energy (eV)

Fig. 4. X-ray photoelectron spectra of N-MPVA: (a) C (1s)
spectra, (b) N (1s) spectra, and (c) O (1s) spectra.
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Fig. 5. (a) Magnetization curve of N-MPVA and (b)
photographs of the magnetic separation progress of
N-MPVA.

1
log(Qe) = o+ low(Ke) Q

where Q. is the equilibrium adsorption capacity
(mgg™), C,. is the equilibrium concentration of heavy
metal ions (mgL™"), 1/n is the heterogeneity factor,
and Ky is the Freundlich isotherm parameter
[(L (mg" " g)™.

Fig. 6 displays the different adsorption isotherms
on N-MPVA. The adsorption kinetic parameters for
the adsorption of heavy metal ions (Ag*, Cu®*, and
Cr’*) by the magnetic absorbent are given in Table 1.
Ky is determined from the slope and intercept of the
linear plots of C./Q. vs. C. [Fig. 6(a)], and the values
of Kg and 1/n are determined from the slope and
intercept of the linear plot of InQ. vs. InC, [Fig. 6(b)].
Adsorption is generally favorable within 1<n<10. In
this study, all n values are within the above range for
Ag”, Cu?*, and Cr®*, and this result demonstrates that
adsorption onto N-MPVA is favorable. The findings
show that the correlation coefficient (R*>0.955) of the
Freundlich model is slightly higher than that of the
Langmuir model (R?>0.945), a result suggesting that
multi-layer adsorption may fit well the adsorption.
The N-MPVA microspheres not only have Van der
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Fig. 6. (a) Langmuir adsorption isotherm of Ag", Cu®,
and Cr’* on N-MPVA and (b) Freundlich adsorption
isotherm of Ag”, Cu®*, and Cr** on N-MPVA.

Waals force and electrostatic effect, but also use
hydroxy, amino, and EDTA groups to chelate heavy
metal ions; so its adsorption for heavy metal ions is
complex and comprehensive.

4.3. Adsorption kinetics

To investigate the adsorption mechanism of heavy
metal ions (Ag", Cu?*, and Cr*), pseudo-first-order
and pseudo-second-order kinetic models are typically
used to analyze the experimental data [30-32]. The
equations of these two kinetic models are given in
Egs. (4) and (5):

kqt
2.303

log(Qe — Q1) = log(Qe) — 4)

t 1 t

- 5
0" lo) G ©)
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Table 1
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Langmuir and Freundlich isotherm constants for Ag*, Cu**, and Cr** adsorption by N-MPVA

Langmuir coefficient

Freundlich coefficient

Absorbate Ky (Lmg™) Qmaxmg g™

R? Kr (L(mg'™M g™ 1/n

0.0324
0.0233
0.0669

454.6
500.0
208.3

Ag*
Cu2+
Cr3+

0.991
0.950
0.950

14.74
11.82
14.47

1.150
1.099
1.376

0.992
0.959
0.967

where Q. is the equilibrium adsorption capacities (mg
g_l), Q¢ is the adsorption capacities at time ¢, k; is the
pseudo-first-order equilibrium rate parameter (min™"),
and k, is the pseudo-second-order rate parameter
(gmg ' min").

The validity of the two models can be verified
from the linear plots of log (Q.—Qy) vs. t and t/Q; vs.
t. The slopes and intercepts of each linear plot in
Fig. 7 are used to calculate the adsorption rate con-
stants (k; and k;) and the amount of adsorption in
equilibrium (Q.). The adsorption kinetic parameters
for the adsorption of heavy metal ions (Ag*, Cu®',
and Cr’*) by the magnetic absorbent are shown in
Table 2. We use the obtained correlation coefficient
(R? to evaluate the applicability of both models and
find that the experimental data fit the pseudo-second-
order model (R*>0.980) better than the pseudo-first-
order model (R*<0.850). This result indicates that the
adsorbent systems can be well described by the former
model.

The adsorption process can be evidently divided
into three steps: an initial rapid step, a subsequent
slow step, and a changeless step. The adsorption of
heavy metal ions onto the absorbent is very rapid dur-
ing the initial 10 min, during which the removal rate
reaches up to 65.5, 63.0, and 71.0%, for Ag", Cu?*, and
Cr’*, respectively. This rapid adsorption is attributed
to physical and surface reactive adsorption because of
a facilely immediate interaction between heavy metal
ions and the active chelating groups on the surface of
N-MPVA. Over the next 4h, the removal rate only
reaches up to 95.5, 77.8, and 79.0%, for Ag”, Cu?*, and
Cr’*, respectively, because of the reactive chelating
reaction, a result suggesting the heavy metal ions start
to diffuse onto the surface of microspheres, find the
site of chelation, and prepare doing chelation. The
heavy metal ions that adhered onto the surface of
N-MPVA stop the rest of the heavy metal ions from
approaching the microspheres, and this phenomenon
significantly slows down to reach adsorption equilib-
rium. After 6h, all adsorption capacities and removal
rates are nearly unchanged. Therefore, the adsorption
equilibrium times of the heavy metal ions with differ-
ent valences are all nearly 6 h. Fig. 8 also shows that

e

log(Q,-Q)

-0.01 " 1 L 1 L 1 L 1 i 1 i L

Fig. 7. (a) Pseudo-first-order model of Ag*, Cu®* and Cr’**
on N-MPVA and (b) Pseudo-second-order model of Ag”,
Cu?*, and Cr** on N-MPVA.

the adsorption capacity of Ag"® is the highest among
all three heavy metal ions. The adsorption mecha-
nisms for heavy metal ions with different valences
will be discussed later.

4.4. Effect of pH

pH is important to the adsorption behavior of
heavy metal ions. We investigated the resulting zeta
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Table 2 20
Kinetic parameters in the pseudo-first-order and pseudo-
second-order equations for Ag", Cu?*, and Cr** adsorption 10
by N-MPVA
0
Pseudo-first- Pseudo-second- Z
order equations order equations 5 -10
t 0
Absorbate ky R? ks R? £
8 -20
Ag* 0.420 0.798 0.021 0.999 %
Cu®* 0.356 0.842 0.040 0.999 =0
cr® 0.261 0.800 0.019 0.998
-40
W 4 & 8 A 2 14
250 pH
o
250
200 |- g (b)
T —m— Ag
2 —e—cCu”
R T 200 —a—cr®
2 o
g E
8 2
-.c% 100 § 150 |
5 —&—Ag’ <
ﬁ —e—cCu” 2
50 ’ cra' g
2 100
<
OE * 1 L 1 1 1 1
0 2 4 6 8 10 12
th e S T e TR
pH

Fig. 8. Effect of different times of Ag", Cu?*, and Cr** on
N-MPVA.

potentials and effect of pH value on heavy metal ions
(Ag™, Cu?*, and Cr*"), as shown in Fig. 9(a). The iso-
electric point (pI) of N-MPVA is close to 5. The elec-
trostatic adsorption may influence the adsorption
capacity. The zeta potential of N-MPVA gradually
changes from positive at a low pH value (pH <7), but
it changes to negative at a high pH value (pH>7).
The effect of pH on the adsorption of heavy metal
ions with different valences by N-MPVA can be seen
in Fig. 9(b). The adsorption capacity increases with the
solution pH (2-4), whereas an increase in the adsorp-
tion capacity slows down with the solution pH (4-6).
The chelation mechanism is attributed to the less
insignificant competitive adsorption of hydrogen ions.
Chelating Cu®* can be taken as an example, as
expressed by Egs. (6)-(9) [26,33]:

~NH, + H" — —NHj ©®)

—NH, + Cu*" — —NH,Cu** )

Fig. 9. (a) Zeta potentials of N-MPVA at pH values of 2, 5,
7,8, and 12 and (b) influence of adsorption onto N-MPVA
at pH values of 2, 4, 6, 8, 10, and 12.

—NH, + OH™ — —NH,OH™ (€))

~NH,OH™ + Cu®"(or CuOH™)
— —NH,OH" - --Cu®" (or — NH,OH ™ ---CuOH")

C)

At low solution pH (2—4), more -NH; were converted
to -NHJ. Only few -NH, sites were available for
heavy metal ion adsorption. Electrostatic repulsion
also existed between the heavy metal ions and -NHJ.
The reaction in Eq. (6) proceeded to the left with
increasing pH values and induced an increase in the
number of -NH, sites for heavy metal ions, suggesting
that the adsorption capacity also increased, as indi-
cated in Eq. (7). Both electrostatic repulsion and che-
lating adsorption resulted in a rapid increase in heavy



1817

metal ion adsorption with the increase in pH values.
While the pH >4, the adsorption of heavy metal ions
through electrostatic attraction might increase, as
shown in Egs. (8) and (9). The adsorption capacity of
the microspheres gradually approached saturation.

4.5. Ionic competition and reusability

A magnetic absorbent will have different adsorp-
tion ability depending on heavy metal ions involved.
Therefore, the ionic competition was investigated by
the addition of three heavy metal ions with different
valences into a flask. The adsorption capability for
heavy metal ions with different valences is shown in
Fig. 10. The adsorption dosage for heavy metal
ions was in the order of Ag* (135.0mgg ') >Cu*
(485mgg™") > Cr’* (33.0mgg '). Adsorption capabil-
ity decreased with the valence of the heavy metal ions.
N-MPVA microsphere used -NH, or EDTA groups to
chelate the heavy metal ions. There similarly existed a
1:1 M-EDTA chelate (M represented Ag*, Cu®*, and
Cr’*). However, differently, Ag* may need only 2 —
NH, to form Ag[NH;];, Cu®*" may need 4 -NH, to be
comparable with Cu[NHg]I, and Cr** may need 6 —
NH, to be comparable with Cr[NH;]{, as explained in
Table 3. Furthermore, stereospecific blockade was

Table 3

X. Bai et al. | Desalination and Water Treatment 56 (2015) 1809-1819
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Fig. 10. Ionic competition and reusability of Ag®, Cu**,
and Cr’* onto N-MPVA.

found in the process of chelation, and the difficulty in
chelating heavy metal ions was in the order of Ag* <
Cu®** < Cr**. The number of groups adsorbing Ag*
was highest, and the number of groups adsorbing
Cr’* was smallest.

Through the desorption experiment, we also
proved the excellent repeated availability of N-MPVA

Chelating mechanism of heavy metal ions with different valences onto N-MPVA

Amino groups

EDTA groups (M represents different heavy metal ions)

Ag”

Cu2+

Cr3+
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for heavy metal ion removal. After the adsorption
equilibrium was reached, N-MPVA was separated
from the aqueous solutions with a magnet. Thereafter,
0.01 M HNO3; was mixed with the absorbent to release
the heavy metal ions. After regenerating for three
times, the adsorption capacities of heavy metal ions
with different valences onto N-MPVA are as shown in
Fig. 10. The loss of adsorption capacity of N-MPVA
did not exceed 25% after three recycles.

5. Conclusions

In this study, the preparation and adsorption per-
formance of N-MPVA was investigated for the
removal of different mono-, di-, and tri- valent heavy
metals from aqueous systems. The synthetic condition
of N-MPVA is moderate, and the maximum tempera-
ture is below 100°C. SEM showed that synthetic
N-MPVA had an approximate spherical shape, and its
saturation magnetization value was 4.89 emu'g ' via
VSM. FTIR and XPS illustrated that the synthetic
product had a chemical structure similar to EDTA, as
well as a large amount of -NH,, which possibly con-
tributed to the chelation of heavy metal ions. The
synthetic absorbent was used to remove Ag*, Cu2+,
and Cr’* from aqueous systems through the amino
and EDTA groups chelation. Adsorption isotherm and
adsorption kinetic suggested its adsorption for heavy
metal ions was complex and comprehensive. Desorp-
tion experiments demonstrated that the loss of adsorp-
tion capacity did not exceed 25% after three recycles.
With its high adsorption capacity, separation conve-
nience, and environmental soundness, N-MPVA is a
promising alternative for heavy metal ions removal
and recovery from wastewater.
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