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Abstract
A magnetic adsorbent can be easily recovered from treated water by magnetic force, without requiring further downstream treatment.

In this research, amine-functionalized silica magnetite has been synthesized using N-[3-(trimethoxysilyl)propyl]-ethylenediamine
(TPED) as a surface modification agent. The synthesized magnetic amine adsorbents were used to adsorb copper ions in an aqueous
solution in a batch system, and the maximum adsorption was found to occur at pH 5.5 ± 0.1. The adsorption equilibrium data fitted the
Langmuir isotherm equation reasonably well, with a maximum adsorption capacity of 10.41 mg/g. A pseudo second-order model could
best describe the adsorption kinetics, and the derived activation energy was 26.92 kJ/mol. The optimum condition to desorb Cu2+ from
NH2/SiO2/Fe3O4 was provided by a solution with 0.1 mol/L HNO3.
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Introduction

The removal of heavy metals from wastewater is one
of the most important issues due to adverse effects that
such metals have on human health and the environment
(Nuhoglu and Oguz, 2003). Traditional metal ion treatment
processes included chemical precipitation, ion exchange,
electrolysis, reverse osmosis, adsorption, etc. Among these
treatment methods, adsorption is considered to be an
economical, efficient, and promising method for treating
metal-ion-contaminated wastewater (Ekmekyapar et al.,
2006). Nowadays, most adsorbents developed for the re-
moval of heavy metal ions rely on the interaction of the
metal ions with the functional groups present on the sur-
faces of the adsorbents, and hence, the functional groups
play an important role in determining the effectiveness,
capacity, selectivity, and reusability of these adsorbents
(Prasad and Saxena, 2004; Li and Bai, 2005; Li et al.,
2005; Liu et al., 2005). Amine groups have been found to
be one of the most efficient functional groups for heavy
metal ion removal (Chanda and Rempel, 1995; Ghoul
et al., 2003; Gupta et al., 2004), and various adsorbents
with amine functional groups have been developed from
natural biopolymers (Jin and Bai, 2002) or from synthetic
polymers that are subsequently immobilized by the amine
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groups (Atia et al., 2003; Bayramoglu and Arica, 2005;
Deng et al., 2003; Yantasee et al., 2004). The adsorption
mechanisms have generally been attributed to the forma-
tion of complexes between the amine groups present on
the adsorbents and the metal ions to be removed (Deng et
al., 2003; Yantasee et al., 2004).

An innovative technology involving solid-liquid phase
separation, and which has gained attention, employs ad-
sorbents with magnetic properties. Magnetic separation is
now widely used in the fields of medicine, diagnostics,
molecular biology (Pankhurst et al., 2003), bioinorganic
chemistry, and catalysis (Martin and Mitchell, 1998). Fur-
thermore, magnetic separation method is also beneficial
with regard to the environment because it does not result in
the production of contaminants such as flocculants (Chang
and Chen, 2005; Hu et al., 2005). Conventional magnetic
adsorbents are generally commercial carriers made of
magnetite particles modified with polymer (Butterworth et
al., 2001; Albornoz et al., 2004) or organosilane (Liu et al.,
2004), in which suitable functional groups are present on
the adsorbent surface.

In this study, a magnetic adsorbent was developed
for the adsorption of metal ions. The adsorbents were
synthesized by the surface modification of Fe3O4 with
SiO2 and N-[3-(trimethoxysilyl)propyl]-ethylenediamine
(TPED) containing amino functional groups. These amine
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magnetic adsorbents were characterized by X-ray diffrac-
tion (XRD), vibrating sample magnetometry (VSM),
Brunauer-Emmett-Teller (BET), surface area measure-
ments, UV-Vis spectroscopy, and Fourier transform in-
frared (FT-IR) spectroscopy. Further, their adsorption
behavior and mechanism were examined under various
conditions by using copper ions as the model metal con-
taminant.

1 Materials and methods

1.1 Materials

Magnetite (Fe3O4, particle size < 5 µm) and sodium
silicate were obtained from Sigma-Aldrich (USA). N-
[3-(trimethoxysilyl)propyl]-ethylenediamine, (TPED,
C8H22N2O3Si), CuNO3·3H2O, and 4-nitrobenzaldehyde
of high quality were obtained from Acros Organics
(USA) and used without any further purification. All other
chemicals were of the reagent grade.

1.2 Instruments

The functional groups of the synthesized adsorbents
were confirmed by using an FT-IR spectrometer (Spec-
trum 100, Perkin Elmer, USA). The specific surface area
and pore diameter of the adsorbents were measured by
the (BET) method using a particle size analyzer (ASAP
2000C, Micromeritics, USA). The magnetic behavior was
analyzed by using a vibrating sample magnetometer (Lake
Shore 7407, Lake Shore, USA). The crystal lattice struc-
ture of the material was determined by XRD (Theta Probe,
Thermo Scientific, UK). The concentration of metal ions
in the solution was analyzed by using a flame atomic
absorption spectrophotometer (AA932, GBC, Australia).

1.3 Synthesis of adsorbents

1.3.1 Silica-coated magnetite (SiO2/Fe3O4)
A total of 1.08 L of an aqueous solution containing 20 g

of magnetite (Fe3O4) particles was held in a 2 L beaker
at 90°C; its pH was maintained at 9.5 with 0.1 mol/L
NaOH, while it was being stirred by a mechanic stirrer.
An appropriate amount of sodium silicate was dissolved
in 100 mL of deionized water, and the resulting solution
was mixed with the above aqueous solution of magnetite.
The pH of this mixture was adjusted to 6 by using 2.5
mol/L H2SO4, and the mixture was then maintained at
90°C for 30 min under mechanical stirring. Silica coating
was applied by the aggregation of silicic acid monomer
to form a gel by titration of the silicate solution with
sulfuric acid (Iler, 1979). Finally, the reacted magnetite
were collected and washed several times with deionized
water until the pH of the water collected after washing
the adsorbents became approximately 7. The prepared
adsorbents were then dried at 105°C for 8 hr and stored in
desiccators until further use in the following experiments.

1.3.2 Amine-modified silica magnetite
Ten grams of SiO2/Fe3O4 was reacted with N-[3-

(trimethoxysilyl)-propyl]ethylenediamine in 500 mL of

refluxing toluene under N2 for 24 hr. The resulting ad-
sorbent was filtrated and washed by soxlet extraction with
ethanol, and then this synthetic adsorbents was followed by
drying at 60°C in vacuum. The dry adsorbent was stored in
a sealed bottle for further use.

1.4 Adsorption experiments

Adsorption of Cu2+ from aqueous solutions was investi-
gated in batch experiments. Effects of pH (3.0–9.0), kinetic
experiments (0–2 hr), adsorption isotherm (50–150 mg/L
initial Cu2+ concentration), and thermodynamic studies
(298–328 K) on adsorption were studied. All the adsorp-
tion isotherm experiments were carried out at 298 K, in
which pH was maintained at 5.5 ± 0.1, the adsorbent
concentration was kept constant at 0.5 g in a 50 mL
solution, initial Cu2+ concentration was in the range from
50 to 150 mg/L, and the equilibrium time was considered
as 24 hr. After adsorption reached the equilibrium, the
adsorbent was separated via an external magnetic field.

1.5 Desorption experiments

The experiments for desorption efficiency were carried
out with dilute HNO3 solutions in the concentration range
of 0.01–2 mol/L. A 0.5 g of the NH2/SiO2/Fe3O4 adsorbent
adsorbed with about 10 mg/g copper ions were placed into
100 mL of a HNO3 solution with thermostatic shaking and
the desorption was allowed for a time period up to 24 hr.
The desorption efficiency (DE) was determined using the
following Eq. (1):

DE =
C × V
q × m

× 100% (1)

where, C (mg/L) is the concentration of copper ions in the
desorption solution, V (L) is the volume of the desorption
solution, q (mg/g) is the amount of copper ions adsorbed
on the adsorbents before desorption experiment, and m
(g) is the amount of the adsorbent used in the desorption
experiments.

2 Results and discussion

2.1 Characterization of magnetic adsorbent

2.1.1 FT-IR
The FT-IR spectra of Fe3O4, SiO2/Fe3O4, and the pre-

pared magnetic amine adsorbent (NH2/SiO2/Fe3O4) are
shown in Fig. 1. The figure exhibits two basic characteristic
peaks of these three adsorbents at approximately 3300
cm−1 (O–H stretching) and 550 cm−1 (Fe–O vibration),
which were attributed to the presence of FeOH in Fe3O4
(Phan and Jones, 2006). The peaks at 1100 cm−1 were
attributed to the Si–O–Si bond stretching of SiO2/Fe3O4
and NH2/SiO2/Fe3O4. This result confirms that SiO2 was
successfully coated on Fe3O4. Furthermore, in Fig. 1,
the peaks of NH2/SiO2/Fe3O4 are located at 1496 cm−1

(C–H stretching) and 1643 cm−1 (N–H bending); these
peaks indicated that TPED had been bonded with the
surface of SiO2/Fe3O4. Amine compound also possesses
a characteristic peak around 3300 cm−1 (N–H stretching)

http://www.jesc.ac.cn


jes
c.a

c.c
n

46 Journal of Environmental Sciences 2011, 23(1) 44–50 / Yafen Lin et al. Vol. 23

Fig. 1 FT-IR spectra of Fe3O4, SiO2/Fe3O4, and NH2/SiO2/Fe3O4.

in an IR spectrum, but this peak was interfered from O–H
stretching absorbance. In addition, the characteristic peaks
of C–H stretching and N–H bending for the synthesized
NH2/SiO2/Fe3O4 were too weak to be observed clearly.
Therefore, another analytical method, UV absorbance, was
employed to prove that the amine group had bonded on the
surface of SiO2/Fe3O4.

2.1.2 UV absorbance
The amine groups anchored on the support surface

could be determined by a UV colorimetric method
that involved their reaction with a UV-sensitive reagent
(4-nitrobenzaldehyde) (Campo et al., 2005). This reaction
between amine and aldehyde groups under anhydrous con-
ditions generates an imine group that may be hydrolyzed
back to the precursors in a known volume of water to
produce 4-nitrobenzaldehyde whose absorbance (282 nm)
can be measured by UV spectroscopy. The number of hy-
drolyzed aldehyde molecules is proportional to the number
of imine molecules present. Figure 2 shows the results of
colorimetric analyses performed on Fe3O4, SiO2/Fe3O4,
and NH2/SiO2/Fe3O4. It is clear that the UV absorbance at
a wavelength of 282 nm in the case of NH2/SiO2/Fe3O4,
containing an amine group, was larger than that in the
case of Fe3O4 and SiO2/Fe3O4. The UV absorbences of
Fe3O4 and SiO2/Fe3O4, without an amine group, were
almost zero. These results also confirmed that the surface
of the synthesized NH2/SiO2/Fe3O4 had been modified
with amine group.

2.1.3 BET, XRD, VSM
BET surface area measurements indicated that com-

pared to the Fe3O4 core, the surface area of SiO2/Fe3O4
significantly increased from 18.06 to 114.02 m2/g. This
may be due to the coating of SiO2 formed on Fe3O4 by
sodium silicate method containing porous surface. When
SiO2/Fe3O4 was modified with the amine group, the BET
surface area decreased to 72.89 m2/g. This decrease in
the surface area may be attributed to the possibility that

Fig. 2 UV colorimetric analyses of amine groups with 4-
nitrobenzaldehyde performed on Fe3O4, SiO2/Fe3O4, and
NH2/SiO2/Fe3O4. UV absorbance at wavelength 282 nm.

the pores of SiO2 were partially covered by the modified
amino compound (TPED).

According to the database of Joint Committee on Pow-
der Diffraction Standards (JCPDS), the XRD pattern of
a standard Fe3O4 crystal with spinel structure has six
characteristic peaks at 2θ = 30.1◦, 35.5◦, 43.1◦, 53.4◦,
57.0◦, and 62.6◦ that are attributed to the (2 2 0), (3 1 1),
(4 0 0), (4 2 2), (5 1 1), and (4 4 0) phases of Fe3O4,
respectively. It is apparent that as shown in Fig. 3, the
analysis results of the starting material Fe3O4, SiO2/Fe3O4,
and NH2/SiO2/Fe3O4 fitted the pattern exhibited by stan-
dard magnetite. Therefore, it can be concluded that the
magnetite modified with SiO2 and TPED is also of spinel
structure and that these modifications don’t cause a phase
change in Fe3O4.

The magnetic properties of the NH2/SiO2/Fe3O4 and
Fe3O4 cores were measured by VSM (Fig. 4). The mass
saturation magnetization (Ms) of Fe3O4 was found to
be 61.8 emu/g, which is in good agreement with the
value in literature (Shi et al., 2006). The plots shown in
Fig. 4 exhibited a change in Ms of the particles after
the incorporation of a NH2/SiO2 shell. A decrease in
Ms from 61.8 to 57.2 emu/g was observed in the case

Fig. 3 XRD spectra of Fe3O4, SiO2/Fe3O4, and NH2/SiO2/Fe3O4.
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Fig. 4 Magnetization versus applied magnetic field for Fe3O4 and
NH2/SiO2/Fe3O4.

of NH2/SiO2/Fe3O4. This decrease was ascribed to the
contribution of the nonmagnetic NH2/SiO2 shell to the
total mass of the particles. This observation is similar to
that made in another study, in which the attached gold
shell was found to lower the saturation magnetization of
magnetite particles (Vestal and Zhang, 2002). The results
in Fig. 4 also indicated that the prepared particles exhibited
a paramagnetic behavior at room temperature (Pankhurst et
al., 2003; Xu et al., 2008).

2.2 Effect of pH on adsorption of copper ions

At a high solution pH, copper ions precipitated as
Cu(OH)2(s), and the amount of copper species present in
the aqueous solution in the forms of Cu2+, Cu(OH)+,
Cu(OH)0

2, Cu(OH)3
−, and Cu(OH)4

2− vary with the solu-
tion pH (Kumar et al., 2007). These copper ions, except
Cu2+, interfere with the ability of NH2/SiO2/Fe3O4 to
adsorb copper ions. Furthermore, the solution pH val-
ue determines whether or not the amine groups on the
synthetic magnetic adsorbent are protonated. Protonated
amine groups cannot adsorb Cu2+. Figure 5 shows the
performance of the NH2/SiO2/Fe3O4 adsorbent in adsorb-
ing copper ions at different solution pH values. The result
revealed that the adsorption behavior of NH2/SiO2/Fe3O4
with Cu2+ is strongly pH-dependent. At solution pH = 3,
the adsorption efficiency of Cu2+ by NH2/SiO2/Fe3O4
was nearly zero. At low solution pH values (high acidic
environment), a relatively high concentration of protons
would strongly compete with copper ions for amine sites,
and thus, the adsorption of copper ions was significantly
decreased. On the other hand, the protonation of the amine
groups would lead to strong electrostatic repulsion of the
copper ions to be adsorbed. As a result, it became difficult
for copper ions to come in close contact with the adsorbent
surface and be adsorbed thereon; this resulted in poor
adsorption performance at solution pH = 3.

At higher solution pH values of 4–6, the competition of
protons with copper ions for the amine groups became less
significant, and more of the amine groups existed in their
neutral form, which reduced the electrostatic repulsion
of copper ions; furthermore, the unpaired electrons of

Fig. 5 Effect of solution pH on copper ion adsorption onto the
NH2/SiO2/Fe3O4 adsorbent. Experimental conditions: initial concentra-
tion of Cu2+ (CCu2+ ,0) = 50 mg/L, NH2/SiO2/Fe3O4 10 g/L, reaction time
= 24 hr, temperature = 298 K. The pH value of the solution was controlled
by adding 0.05 mol/L H2SO4 and 0.1 mol/L NaOH. Removal efficiency

(%) = (1 − CCu2+ , f
CCu2+ ,0

) × 100%, where CCu2+ , f is the final concentration of

Cu2+.

amine groups could also create coordinate bonds with
copper ions. Hence, more copper ions could be adsorbed
onto the surfaces of NH2/SiO2/Fe3O4, resulting in the
observed increase in Cu2+ adsorption on the adsorbent.
Fig. 5 also indicated a complete removal of Cu2+ from
the solution when the solution pH value exceeded 6.5.
This is attributed to Cu2+ began to precipitate as Cu(OH)2.
Therefore, copper ions were removed by both adsorption
and precipitation when the solution pH value exceeded 6.5
(Ko et al., 2003). As a result, the optimum pH for Cu2+

adsorption by NH2/SiO2/Fe3O4 was found to be in the pH
range 5–6, and all further experiments were carried out at
solution pH = 5.5.

2.3 Adsorption isotherms of copper ions

The equilibrium isotherms for the adsorption of copper
ions by NH2/SiO2/Fe3O4 were conducted at pH 5.5, 298 K,
10 g/L adsorbent dose, and five initial Cu2+ concentrations:
50, 75, 100, 125, and 150 mg/L. The equilibrium data are
shown in Table 1 and fitted by Langmuir and Freundlich
isotherm equations (Wong et al., 2003). The Langmuir
equation can be expressed as following Eq. (2).

Ce

qe
=

Ce

qm
+

1
qmKL

(2)

Table 1 Adsorption isotherm results for copper ion adsorption on
NH2/SiO2/Fe3O4 adsorbents

Initial Equilibrium Adsorption
concentration (mg/L) concentration (Ce, mg/L) quantity (mg/g)

25 1.21 2.38
50 3.39 4.66
75 6.12 6.89
100 19.06 8.09
125 34.76 9.02

Solution pH 5.5; NH2/SiO2/Fe3O4 10 g/L; reaction time 24 hr; tempera-
ture 298K.
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where, qe (mg/g) is the equilibrium adsorption capacity of
copper ions on the adsorbent; Ce (mg/L), the equilibrium
copper ion concentration in solution; qm (mg/g), the maxi-
mum capacity of adsorbent; and KL (L/mg), the Langmuir
adsorption constant. The linear form of Freundlich equa-
tion can be represented as following Eq. (3).

logqe = logkF +
1
n

logCe (3)

where, KF (L/mg) is the Freundlich constant, and n is the
heterogeneity factor.

Table 2 shows the values of qm and KL, determined
from the slope and intercept of the linear plots of Ce/qe
versus Ce, and the values of KF and 1/n, determined
from the slope and intercept of the linear plot of lnqe
versus lnCe. The correlation coefficients of the Langmuir
and Freundlich isotherms were found to be 0.9933 and
0.9585, respectively. This result revealed that the data
were fitted better by the Langmuir equation than by the
Freundlich equation. Fitting of the Langmuir isotherm
indicates monolayer coverage of Cu2+ on the surface of
NH2/SiO2/Fe3O4 during adsorption. The maximum mono-
layer copper uptake (qm) was found to be 11.24 mg/g.

Table 2 Parameter values of Langmuir and Freundlich models fitting
to the experimental results in Table 1 for copper ion adsorption on the

NH2/SiO2/Fe3O4 adsorbents

Langmuir Freundlich
qm (mg/g) KL (L/mg) R2 n KF R2

10.41 0.0376 0.9956 2.63 1.53 0.8906

2.4 Adsorption kinetics

Figure 6 shows the effect of contact time on the adsorp-
tion of Cu2+ by NH2/SiO2/Fe3O4 from a solution under
different temperatures. The adsorption occurred rapidly
during the early stages of the adsorption reaction, which
was probably due to the abundant availability of active sites
on the adsorbents. However, with a gradual decrease in the
number of active sites in the bulk solution, the adsorption

Fig. 6 Dependence of adsorption of Cu2+ by NH2/SiO2/Fe3O4 on time
at various temperatures. Experimental conditions: CCu2+

0
= 125 mg/L,

NH2/SiO2/Fe3O4 10 g/L, pH 5.5 ± 0.1. The pH value of the solution was
controlled by adding 0.05 mol/L H2SO4 and 0.1 mol/L NaOH. qt (mg/g)
is the adsorption uptake at time t (min).

reaction became slower. Figure 6 also reveals that high
solution temperature slowed down the adsorption kinetic;
this implies that the adsorption behavior was exothermic.
Adsorption kinetic data are often analyzed using two
commonly used kinetic models, namely, the pseudo first-
order and pseudo second-order kinetic models that can
be expressed in their linearized forms as Eqs. (4) and (5)
respectively (Mellah et al., 2006):

log(qe − qt) = log qe − k1

2.303
t (4)

t
qt

=
1

k2q2
e

+
1
qe

t (5)

where, qt (mg/g) is the adsorption uptake at time t (min);
qe (mg/g) is the adsorption capacity at adsorption equilib-
rium; and k1 (min−1), and k2 (g/(mg·min)) are the kinetics
rate constants for the pseudo first-order and the pseudo
second-order models, respectively. Equations (4) and (5)
were fitted to the experimental data as shown in Fig. 6, and
the calculated model parameters are given in Table 3. The
results clearly indicate that the adsorption kinetics closely
followed the pseudo second-order kinetic model rather
than the pseudo first-order kinetic model, suggesting that
the adsorption process was very fast, probably dominated
by a chemical adsorption phenomenon. High solution tem-
perature is also clearly found to result in slow adsorption
kinetics (smaller values for k2; Table 3). Moreover, the
temperature dependence of the kinetic parameter k2 in
Table 3 can be described by the Arrhenius equation (Eq.
(6)).

lnk= lnA − Ea/RT (6)

where, A, Ea, T, and R are the frequency factor, activation
energy, temperature (K), and gas constant, respectively.
By plotting lnk2 against 1/T, the reaction temperatures are
determined as 25, 40, and 55°C, which give Ea of 26.92
kJ/mol.

2.5 Desorption and repeated use

Good desorption performance of an adsorbent is im-
portant for its potential practical applications. The results
shown in Figure 5 revealed that the NH2/SiO2/Fe3O4
adsorbent did not adsorb copper ions significantly at so-
lution pH = 3, suggesting that the adsorbed copper ions
may be possibly desorbed in an acidic solution with a
low solution pH value. Therefore, HNO3 solutions with
different concentrations were examined in a desorption
study. Figure 7 shows the desorption efficiency obtained at
various HNO3 concentrations in desorption solutions. It is

Table 3 Parameter values of the kinetics models fitting to the
experimental results in Fig. 6 for copper ion adsorption on the

NH2/SiO2/Fe3O4 adsorbent.

Temperature R2 Rate constant Activated
(°C) First Second (k2) energy (Ea)

order order (g/(mg·min)) (kJ/mole)

25 0.964 0.991 0.0010
40 0.976 0.996 0.0018 26.92
55 0.882 0.994 0.0029
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Fig. 7 Desorption efficiency of copper ions from the NH2/SiO2/Fe3O4
adsorbent in solutions with different HNO3 concentrations. Experimental
conditions: NH2/SiO2/Fe3O4 5 g/L, reaction time 24 hr, T 298 K.

interesting to note that the maximum desorption efficiency
was achieved at HNO3 concentration of 0.1 mol/L, and
any higher or lower HNO3 concentrations resulted in lower
desorption efficiencies. In order to explain this, one may
assume that the reactions taking place in acidic desorption
solutions can be given by the following Reactions (7) and
(8) (Liu et al., 2006):

SiO2/Fe3O4-NH2 · · · Cu2+ + H+ ⇐⇒
SiO2/Fe3O4-NH+

3 + Cu2+ (7)

SiO2/Fe3O4-NH2 + H+ ⇐⇒ SiO2/Fe3O4-NH+
3 (8)

In a solution with HNO3 concentration exceeding 0.1
mol/L, the high concentration of H+ will shift both
Reactions (7) and (8) to the right-hand side and more
SiO2/Fe3O4-NH3

+ will be generated. However, the gener-
ation of SiO2/Fe3O4-NH3

+ will favor the reverse reaction
of Reaction (7) to the left-hand side, thus not favoring the
desorption of copper ions from an adsorbent. Therefore,
when the concentration of HNO3 in the desorption solution
became greater than 0.1 mol/L, the reverse reaction in
Reaction (7) actually started to hinder the desorption of
copper ions from the adsorbents, resulting in a reduced
desorption efficiency. On the other hand, a concentration
lower than 0.1 mol/L HNO3 (lower H+ concentration) in
the desorption solution may be insufficient to drive Reac-
tion (7) to the right-hand side for the desorption of copper
ions; thus leading to observed desorption efficiencies lower
than that at 0.1 mol/L HNO3 concentration.

In order to determine the reusability of
NH2/SiO2/Fe3O4, adsorption-desorption cycles were
repeated three times by using the same amine magnetic
adsorbent. The adsorption capacity of the recycled
NH2/SiO2/Fe3O4 exhibited a loss of about 13.6% in the
third cycle. The loss of the adsorption capacity may be
attributed to the detachment of the silica coating from the
magnetite surface during the recycling processes, which
is evidence by the presence of dissolved silicate in the
adsorption reaction solution. Further investigations are
necessary to develop strategies to prevent the separation

of the coating from the core surface and maintain the
function of the synthetic magnetic adsorbent.

3 Conclusions

Amine-functionalized silica magnetite has been synthe-
sized using TPED as the surface modification agent. The
following are the results of this study.

1. The optimum solution pH for Cu2+ adsorption by
NH2/SiO2/Fe3O4 was found to be in the range of 5–6.

2. The equilibrium data of copper ion adsorption by
NH2/SiO2/Fe3O4 were in good agreement with the Lang-
muir model with a maximum monolayer copper uptake
(qm) of 10.41 mg/g.

3. Copper ions removed by NH2/SiO2/Fe3O4 followed
second-order kinetics, and high solution temperature re-
sulted in slow adsorption kinetics. The Arrhenius equation
yielded Ea of 26.92 kJ/mol.

4. The optimum condition to desorb Cu2+ from
NH2/SiO2/Fe3O4 is with 0.1 mol/L HNO3.
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