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A B S T R A C T

The aim of this research was to prepare magnesium ferrite (MgFe2O4) magnetic nanoparticles and to investigate
their sorption characteristics towards Mn2+, Co2+, Ni2+, Cu2+ ions in aqueous solution. MgFe2O4 was syn-
thesized by glycine-nitrate combustion method and was characterized by low crystallinity with crystallite size of
8.2 nm, particle aggregates of 13–25 nm, BET surface area of 14m2/g and pore size of 8.0 nm. Sorption prop-
erties of MgFe2O4 towards Mn2+, Co2+, Ni2+, Cu2+ ions were studied using one-component model solutions
and found to be dependent on metal ions concentration, contact time, pH and conditions of regeneration ex-
periment. The highest sorption capacity of MgFe2O4 was detected towards Co2+ (2.30mmol g1) and Mn2+

(1.56mmol g−1) and the lowest towards Ni2+ (0.89mmol g−1) and Cu2+ (0.46mmol g−1). It was observed that
sorption equilibrium occurs very quickly within 20–60min. The pHzpc of sorbent was calculated to be 6.58. At
studied pH interval (3.0–7.0) the sorption capacity of MgFe2O4 was not significantly affected. Regeneration
study showed that the metal loaded sorbent could be regenerated by aqueous solution of 10−3 M MgCl2 at pH
6.0 within 120min of contact time. Regeneration test suggested that MgFe2O4 magnetic sorbent can be effi-
ciently used at least for four adsorption-desorption cycles. The high sorption properties and kinetics of toxic
metal ion sorption indicates good prospects of developed sorbent in practice for wastewater treatment.

1. Introduction

Water pollution by toxic compounds (heavy metal ions, radio-
nuclides, dyes, pharmaceutical substance, etc.) is one of the most im-
portant contemporary problems of environmental protection [1–3].
Due to high efficiency, experimental simplicity and low operating costs,
sorption method is widely used for the purification of water media from
a variety of pollutants [4,5]. In addition to the high sorption capacity
and kinetics, the adsorbents should be easily separable from the pur-
ified solutions and regenerated for multiple use [6].

Due to various advantages of sorption method, the great attention of
researchers is paid to the development of magnetic sorbents, which can
be easily separated from aqueous media via magnetic separation and do
not require the use of decantation, centrifugation, membrane filtration
and other methods [7–11]. Typically, such materials include compo-
sites of magnetite (Fe3O4) with silica [12], clay materials [13], natural
and synthetic zeolites [14,15], carbon materials (activated carbon,
carbon nanotubes, graphene, graphene oxide) [16,17], metal oxides
(Al2O3, MnO2, TiO2, etc.) [18–20] and hydroxides [21] and other

sorbents.
Metal ferrites M2+Fe23+O4 (M: Mg2+, Mn2+, Co2+, Ni2+, Cu2+,

Zn2+, etc.) due to their high stability, high surface area and excellent
magnetic characteristics are more attractive for sorption processes in
comparison to Fe3O4 composites. Metal ferrites with a spinel structure
are crystallized in a cubic lattice with Fd3m, Z= 8 space group, in
which the cations are located in octahedral and tetrahedral lattice sites.
Recent review papers [22,23] showed that this class of materials are
effective sorbents for the purification of aqueous solutions from a wide
range of pollutants, described approaches to their synthesis using green
chemistry methods, and demonstrated the possibility of regeneration
and approaches to the disposal of used materials.

It is important to note that one of the drawbacks of most transition
metal ferrites is a partial leaching of toxic metals (Mn2+, Co2+, Ni2+,
Cu2+, etc.) in solution during treatment process, which often leads to
secondary pollution [24]. In addition, for the regeneration of these
sorbents after the sorption of metal ions, use of solutions of various
acids (HCl, H2SO4, CH3COOH, etc.) is proposed. This causes the for-
mation of acidic wastewater that requires subsequent neutralization
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before their disposal [25].
In the present work, magnetic MgFe2O4 nanoparticles were ob-

tained using glycine-nitrate method and were characterized by XRD,
SEM, TEM and adsorption-desorption of nitrogen. The choice of this
object of study is due to the safety of materials for humans and living
organisms in contrast to ferrites of transition metals. The aim of the
work was to study the sorption characteristics of MgFe2O4 magnetic
nanoparticles towards Mn2+, Co2+, Ni2+ and Cu2+ ions from one-
component aqueous solutions and dependence on various factors (in-
itial concentration of metal ions, contact time, pH and regeneration
conditions).

2. Materials and methods

2.1. Chemicals

For MgFe2O4 sorbent synthesis, the chemicals Mg(NO3)2, Fe(NO3)3,
NaCl, C2H5NO2 of analytical grade purchased from " 5 Oceans" (Belarus)
were used. For aqueous model solutions preparation, metal chlorides
(MnCl2, CoCl2, NiCl2, CuCl2, MgCl2) purchased from Sigma Aldrich
were used without additional purification.

2.2. Synthesis of magnesium ferrite

Sorbent magnesium ferrite nanoparticles was obtained using gly-
cine-nitrate synthesis method. The metal nitrates were mixed in a molar
ratio of Mg2+:Fe3+=1:2. Further, at room temperature (21 ± 1℃)
relative to the product, inert component NaCl was injected in the re-
sulting solution in a weight ratio of 10:1. NaCl, which acted as a high
temperature solvent to create "protected" and not aggregated nano-
particles.

In similar conditions glycine (H2NCH2COOH) was added into the

resulting solution, at a molar ratio of 4:1 with respect to a product,
which acted as a complexing agent and a reducing agent. The resulting
mixture was stirred and evaporated at 80℃ for 1 h until the formation
of a viscous gel. Further, heating of the gel mass resulted in its spon-
taneous combustion with the formation of combustion products con-
sisting of oxide mixture, coal and NaCl. The resulting mixture was he-
ated in a muffle furnace at 300℃ for 5 h. Magnesium ferrite
nanoparticles were separated from the matrix NaCl by magnetic se-
paration and washed repeatedly by distilled water.

2.3. Sorbent characterization methods

To determine the phase composition of the obtained magnesium
ferrite, as well as to calculate the ‘a′ parameter of the crystal lattice and
to estimate the crystallite sizes by Scherrer formula [26], XRD analysis
was performed on a D8 ADVANCE diffractometer (Bruker, Germany).

The surface morphology and particle size were studied using scan-
ning electron microscopy (SEM) by JSM-5610 LV (JEOL, Japan) and
transmittance electron microscopy (TEM) by HITACHI 7700 operated
at 100 kV. For TEM analysis of sample, the MgFe2O4 particles were
dispersed in ethanol followed by 20min sonication to get suspensions of
dispersed particles. Further, a drop of suspension were deposited on the
carbon-coated copper grids (3 nm Carbon film, 400 Mesh) and then
TEM images were collected at 50 K magnifications.

The adsorption properties and the texture of the samples were
evaluated from the low temperature physical nitrogen ad-
sorption–desorption isotherms (⎯196 °С) and the surface area and por-
osity measured using the volumetric method on a BET analyzer (Model:
Micrometritics-Tristar® II Plus). The pore surface area per unit mass of
the solid material (specific surface area) was determined using the BET
method (ABET). The adsorption pore volume (Vsp.ads) and adsorption
mean pore diameter (Dsp.ads) were calculated using the single point

Fig. 1. XRD patterns and magnetization hysteresis at room temperature (a), isotherms of N2 adsorption-desorption and distribution of the pore diameters (b), SEM image, magnitude ×
5000 (c) and TEM image, magnitude ×50000 (d) of MgFe2O4 sorbent.
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Fig. 2. Effect of contact time and initial metal ions concentrations on removal efficiency from model solutions at pH =5.0: 10−4 М (a), 5×10−4 М (b), 10−3 М (c), 5×10−3 М (d),
10−2 М (e).

Fig. 3. Effect of pH on (a) metal ions removal efficiency and (b) sorption capacity. Initial metal ions concentration C0 = 0,01М and contact time – 120min.
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method. The adsorption cumulative pore surface area with a diameter
of 1.7–300 nm (АBJHads), adsorption cumulative pore volume (VBJHads)
with a diameter from the same range, mean adsorption pore diameter
(DBJHads), and differential distribution of the mesopore volume over
diameters (dV/dlogD) were calculated using the
Barrett–Joyner–Halenda (BJH) method.

2.4. Sorption experiments

The concentration of metal ions in model solutions was determined
using the method of optical emission spectrometry with inductively
coupled plasma optical emission spectrometer (ICP-OES 5110 Agilent
Technologies). pH of aqueous solutions was measured using pH-meter
340i ( ± 0,02) (Mettler Toledo, USA).

To study the effect of metal ion concentration and contact time of
sorbent with solution, 0.04 g MgFe2O4 sorbent was kept in 10.0 mL
aliquot of model solution (V/m =250mg L−1; pH =5.0) with metal
ion concentrations (Mn2+, Co2+, Ni2+, Cu2+) of 10−4, 10−3 10−2 M.
Samples were taken after 10, 20, 40, 60, and 90min of contact time
with sorbent and were analyzed using ICP-OES.

The influence of pH on efficiency of sorbent for Mn2+, Co2+, Ni2+

and Cu2+ ion removal from the solution was carried out in the range of
3.0 and 7.0 by keeping 0.04 g MgFe2O4 in the aliquot of 10.0mL of the
model solution with a concentration of 0.01M metal ions (V/m
=250mg L−1) for 120min. Study of the Cu2+ ion sorption was carried
out in the pH range of 3.0–5.0 to avoid the formation of the insoluble
hydroxide at higher pH values. After sorption, the MgFe2O4 nano-
particles was separated from the solution by centrifugation at 5000 rpm
for 3min and the solution was analyzed using ICP-OES for remaining
metal ion concentration in aliquot.

To determine the pH of point of zero charge (pHpzc) charge, 0.04 g
MgFe2O4 was placed in an aliquot of 10.0 mL (V/m =250mg L−1)
0.01M NaCl solution in the pH range of 3.0–12.0 and was stirred for
48 h. Then sorbent was separated from solution and the equilibrium pH
value was measured. Sorption capacity (qe, mmolg−1) and the removal
efficiency (α, %) were calculated using the following equations:
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Where m is the sorbent mass (g), V – volume of solution (L), C0 and Ce –
initial and equilibrium concentrations (mmolg−1), respectively.

To study the isotherms of Mn2+, Co2+, Ni2+, Cu2+ sorption 0.04 g
of MgFe2O4 was placed in an aliquot of 10.0 mL (V/m =250mL g−1)
solution of the appropriate metal with an initial concentration in the
range of 10−4–10−2 M. For all solutions, the initial pH value was ad-
justed to 5.0 and contact time of sorbent with solutions was 120min.
Then sorbent was separated by centrifugation at 5000 rpm for 3min,

the resulting solution was analyzed on ICP-OES. For the analysis of
sorption isotherms, the well known Langmuir (Eq. (3)), Freundlich (Eq.
(5)), Sips (Eq. (6)) and Redlich-Peterson (Eq. (7)) models were used.
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Where qe is the sorption capacity (mmolg−1), Ce – equilibrium con-
centration (mmol L−1), qm – maximum sorption capacity (mmolg−1),
KL – coefficient describing affinity of the adsorbate to the adsorbent,
(Lmmol−1).

If experimental data are adequately described by the Langmuir
equation, the equilibrium parameter RL can be calculated by following
Eq. (4) [27].
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Where RL is the equilibrium parameter.
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Where KF ((mmol g−1)/(L mmol−1)nF) is Freundlich constant; nF –
Freundlich exponent.
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Where is KS – Sips constant ((mmol L−1)−1/n
S ); nS – Sips exponent

( < ≤0 n 1S ).
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Where is KRP – Redlich-Peterson constant (L mmol−1); aRP – Redlich-
Peterson constant ((mmol L−1)-g); g – Redlich-Peterson constant
( < ≤0 g 1).

2.5. Sorbent regeneration

MgCl2 solutions with concentrations of 10−3, 10−2 and 10−1 M
were used for the regeneration of MgFe2O4 after sorption of metal ions.
A portion (0.02 g) of the sorbent obtained after adsorption from 10−2 M
solutions of Mn2+, Co2+, Ni2+ and Cu2+ (V/m =250mL g−1, pH
=5.0, contact time 120min) was kept in the aliquot of 10.0mL (V/m
=500mL g−1) of a solution of MgCl2, at pH =6.0 for 120min. After
separation of the sorbent from the regeneration solution by cen-
trifugation, the sample was dried in air at 80℃ and was again used for
the sorption of metal ions in the same conditions. To determine the
effectiveness of sorbent regeneration, four cycles of sorption-desorption
were conducted using 10−3 M solution of MgCl2.

3. Results and discussion

3.1. MgFe2O4 nanoparticles characterization

According to the XRD data (Fig. 1a), the synthesized sorbent is a
magnesium ferrite MgFe2O4 with a low degree of crystallinity. The a
parameter of the crystal lattice is 8.393 Å, which is slightly different
from the reference value of 8.370 Å and due to the disorder and lattice
defects of the crystalline structure of the investigated sorbent. The size
of the crystallites calculated using Scherrer formula is 8.2 nm. It is
obvious that the real structure is formed from the above agglomerates
of crystallites, leads to the formation of mesoporous structure which
was confirmed by the isotherm adsorption-desorption of nitrogen and
related to the type IV of IUPAC classification, characteristic of solids
with the presence of mesopores (Fig. 1b) [28].

Type H1 hysteresis is inherent in cylindrical pores formed by ag-
glomerates of spherical particles – globules with similar size, which are
uniformly packed [29]. Specific surface area, calculated using one-point
BET method was 14m2 g−1, pore volume was 0.030 cm3 g−1 and an

Fig. 4. Plot of pHeq. vs pHinit. for MgFe2O4 sample.
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Fig. 5. Isotherms of metal ions sorption: (a, b) – Mn2+, (c, d) – Co2+, (e, f) Ni2+, (g, h) – Cu2+ (pH =5.0, contact time – 120min).
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Table 1
Isotherm parameters calculated from different sorption models.

Mn2+ Co2+ Ni2+ Cu2+ Mn2+ Co2+ Ni2+ Cu2+

Langmuir Freundlich
qm, mmol·g−1 11.15 13.90 2.50 0.49 KF, (mmol·g−1)/ (L·mmol−1)n

F 0.68 2.73 0.25 0.31
KL, L·mmol−1 0.04 0.25 0.06 3.35 nF 1.91 1.19 1.88 3.83
R2 0.886 0.979 0.807 0.977 R2 0.886 0.985 0.722 0.892
qe exp, mmol·g−1 1.56 2.30 0.89 0.46 qe exp, mmol·g−1 1.56 2.30 0.89 0.46
qe calc, mmol·g−1 1.50 2.27 0.71 0.47 qe calc, mmol·g−1 1.36 2.23 0.68 0.54
Sips Redlich-Peterson
qm, mmol·g−1 3.50 13.92 3.20 0.51 KRP, L·mmol−1 2704 3.45 0.12 1.71
KS, (mmol··L−1)−1/n

S 0.19 0.25 0.02 2.64 aRP, (mmol·L−1)-g 4885 0.25 0.001 3.57
nS 1.10 1.00 0.68 1.13 g 0.30 0.99 0.99 0.99
R2 0.875 0.979 0.844 0.980 R2 0.907 0.980 0.854 0.977
qe exp, mmol·g−1 1.56 2.30 0.89 0.46 qe exp, mmol·g−1 1.56 2.30 0.89 0.46
qe calc, mmol·g−1 1.35 2.28 0.82 0.48 qe calc, mmol·g−1 1.40 2.28 0.78 0.48

Table 2
Comparison of Mn2+, Co2+, Ni2+ and Cu2+ adsorption on magnetic nanoparticles MgFe2O4 with other absorbents.

Adsorbent Pollutant Synthesis method r, nm Dose, g·L−1 C0, mg L−1 Contact time qe, mmol·g−1 Reference

n-MgFe2O4 Co2+ Chemical precipitation 25–35 6.0 500 90min 1.1 [24]
Chitosan- MnFe2O4 Cu2+ Microwave-assisted hydrothermal method 100 3.3 1000 8 h 1.0 [33]
3D porous NiFe2O4 Cu2+ Sol-gel – – 200 – 0.88 [31]

Ni2+ method 0.63
Fe3O4 Mn2+ Co-precipitation < 10 4.0 150 24 h 0.14 [32]

Cu2+ 0.17
MgFe2O4 Mn2+ Glycine-nitrate method 13–25 4.0 549 2 h 1.56 This work

Co2+ 589 2.30
Ni2+ 587 0.89
Cu2+ 636 0.46

Table 3
Sorption capacity and metal ions concentration during MgFe2O4 sorbent regeneration by MgCl2 solutions of different concentrations.

Regeneration solution Metal ion qinitial, mmol·g−1 qreg, mmol·g−1 qinitial/qreg С(Fe3+), mg·L−1 С(Mg2+), mg·L−1

10−1 М MgCl2 Mn2+ 1.56 1.59 1.02 0.29 376.7
Co2+ 2.30 2.31 1.00 1.15 378.4
Ni2+ 0.89 1.06 1.19 0.51 380.0
Cu2+ 0.46 1.06 2.30 0.91 377.1

10−2 М MgCl2 Mn2+ 1.56 1.57 1.00 0.52 171.2
Co2+ 2.30 2.31 1.00 0.50 172.4
Ni2+ 0.89 1.09 1.22 0.70 172.8
Cu2+ 0.46 1.06 2.30 2.19 171.0

10−3 М MgCl2 Mn2+ 1.56 1.65 1.06 2.31 31.8
Co2+ 2.30 2.32 1.01 4.51 37.6
Ni2+ 0.89 1.22 1.36 1.91 35.2
Cu2+ 0.46 1.06 2.30 3.11 36.9

Fig. 6. Sorption capacity of MgFe2O4 after regeneration by 10−3 М MgCl2 (а) and photo of MgFe2O4 nanoparticles in aqueous solution after 15min in magnetic field (b).
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average pore size was 8 nm. Fig. 1c shows that the MgFe2O4 sample
consists of spherical agglomerates with sizes below 1 µm, composed of
primary particles (crystallites) with a size of 21.2 nm (Fig. 1d). It is
known that the calculation of the Scherer formula underestimates the
result, as the peak broadening observed on the X-ray is associated not
only with particle size, but also with other parameters and, in parti-
cular, with the distortions and lattice defects.

3.2. Effect of metal ion concentration and contact time

Fig. 2 shows the effect of initial metal ion concentrations and con-
tact time on the removal efficiency of Mn2+, Co2+, Ni2+ and Cu2+

ions. Thus, in the whole investigated range of C0 for Co2+, high re-
moval efficiency was observed (90–100%). It is important to note that
regardless of the initial concentration of Co2+, removal efficiency didn’t
change after a contact time of 10min, which indicates a high rate of
sorption equilibrium.

For the other cations, the removal efficiency decreased with in-
creasing the initial concentration of Mn2+, Co2+ and Ni2+ up to C0

=5×10−2–10−2 M. During sorption from solutions with low con-
centrations (10−4− 10−3 M) the maximum removal efficiency was
reached within 20–60min, while at high C0 (5× 10−2− 10−2 M), the
time to reach equilibrium was reduced to 10–20min and the removal
efficiency does not change significantly in the interval up to 90min.

Thus, to increase the affinity of the sorbent for metal ions they can
be arranged in the following range of Co2+ (r=0,72 Å)> Mn2+

(r=0,80 Å)> Ni2+ (r=0,69 Å)> Cu2+ (r=0,73 Å). This result is
not consistent with the change of ionic radius r of the extracted cations,
which indicates that a complex mechanism of adsorption appears to be
a combination of the surface complexation, electrostatic interaction and
ion exchange processes. For further experiments on the effect of pH and
the conditions of regeneration of the sorbent, 0.01M initial con-
centration was chosen for all metal ions.

3.3. Effect of pH

Fig. 3 shows the effect of pH on the removal efficiency of metal ions.
The increase in pH slightly affected the removal efficiency. Thus, the
maximum sorption capacity of Mn2+, Co2+, Ni2+ and Cu2+ ions was
1.56, 2.30, 0.89 and 0.46mmol g−1, respectively. The value of removal
efficiency of these cations varies considerably and ranges from 18% to
92% depending on the metal ions.

Adsorption of any ion types depends on the nature of the surface of
the adsorbent and the speciation data of ions in solution at different pH
values. The surface charge of the sorbent can be described by pH of
point of zero charge (pHpzc). In the case when pH<pHpzc then the
surface is dominated by excess of positive charge and the sorbent be-
haves like a Branstad acid. At pH>pHpzc the sorbent will act as a
Branstad base. Interacting with water, ferrites with a spinel structure
form on the S-OH, surface layer which are capable of reacting with ions
[30].

Fig. 4 shows that for MgFe2O4, pHpzc is 6,58 - thus, at pH<pHpzc,
the surface is charged positively (Eq. (8)) and the sorption of Mn2+,
Co2+, Ni2+, Cu2+ ions can be described by Eq. (9). So, pH does not
affect the sorption capacity in the range of 3.0–7.0. It is in good
agreement with a high value of pHpzc for studied MgFe2O4 sorbent.

− + ⇄ −+ +S OH H S OH(surf) (aq) 2 (surf) (8)

− + ⇄ − ++ + + +S OH Me S OMe 2H2 (surf) (aq)
2

(surf) (aq) (9)

3.4. Sorption isotherms modeling

Fig. 5 shows sorption isotherms of Mn2+, Co2+, Ni2+, Cu2+ metal
ions on the MgFe2O4 sorbent. Isotherms presented in Fig. 5 refer to H-
or L-type according to the Giles classification. In the initial stages of

interaction, MgFe2O4 exhibits a greater affinity for the metal ions. With
the increase of solution concentration, the ratio between the con-
centrations of the remaining ions in solution and the ones adsorbed by
the sorbent decreases, resulting in the isotherm becoming a straight
line. The decrease in slope is due to the fact, that the adsorbed ions form
a flat layer on the MgFe2O4 surface and excess ions are unable to find
free sites for adsorption.

From the calculated parameters of sorption isotherms (Table 1), it
follows that the sorption of Co2+ and Cu2+ ions onto MgFe2O4 can be
reliably described by the equation of the monomolecular Langmuir
adsorption. The values of qecalc for these metals, calculated from the
Langmuir model equation, are close to qeexp and the R2 approximation
coefficients equal 0.979 and 0.977 for Co2+ and Cu2+, respectively.
The Sips and Redlich-Peterson models also adequately describe the data
sorption isotherms, and the nS and g exponents are close to 1.00. This
phenomenon confirms the closeness to the Langmuir equation. Thus, it
makes sense to calculate the equilibrium parameter RL. The Co2+

parameter RL for all initial concentrations is close to 1.00 and the
Freundlich equation exponent nF is also close to 1.00 and equal to 1.19.
From this, it follows that the isotherm takes a flat shape, as confirmed
by Fig. 5c,d. For the Cu2+ parameter, RL being close to 1.00, however,
the Freundlich exponent much exceeds the value of 1.00 and equals
3.83, i.e., the isotherm takes a non-flat shape.

From Table 1 it is seen that for low values of the R2 approximation
coefficients not exceeding 0.900, sorption isotherms of Mn2+ and Ni2+

ions cannot be described by any of the above models of sorption. A
comparative study of sorption capacity of synthesized MgFe2O4 nano-
particles and other magnetic sorbents is shown in Table 2. The syn-
thesized nanoparticles have significant sorption capacity for Mn2+,
Co2+, Ni2+ and Cu2+ and can be efficiently used for the water treat-
ment.

3.5. Regeneration study

One of the most important characteristics of sorbents is the possi-
bility of their regeneration, which can be used for multiple wastewater
treatments. Given the composition of MgFe2O4 magnetic sorbent and
proposed mechanism of metal ions sorption, including surface com-
plexation, electrostatic interaction and ion exchange, we have sug-
gested the possibility of sorbent regeneration with MgCl2 solutions. As
shown in Table 3, the regeneration of the sorbent can be performed
under mild conditions without the use of acids, leading to the formation
of acidic wastewater that requires subsequent neutralization and dis-
posal. For all the studied metals qreg/qinit > 1, which indicates that the
sorption characteristics of MgFe2O4 sorbent are completely recovered.

It is important to note that at high concentrations (10−1–10−2М) of
the MgCl2 regeneration solution, there is a high residual concentration
of Mg2+ ions in stock solution. Regardless of the conditions of re-
generation of the MgFe2O4 sorbent, the concentration of Fe3+ ions in
the stock solution is insignificant and was in the range of
0.19–4.51mg L−1, which indicates the stability of the sorbent and no
changes to its structure in the regeneration process. Thus, it is advisable
to use a solution of 10−3 M MgCl2 for sorbent regeneration from the
point of view of MgCl2 consumption and minimize the residual con-
centration of Mg2+ ions in the stock solution.

Study on 4 cycles of sorption for Mn2+, Co2+, Ni2+ ions with the
subsequent MgFe2O4 regeneration by 10−3 M MgCl2 solution showed
the reusability of the sorbent with the restoration of its capacity up to
100 ± 5% (Fig. 6a). It was observed that regenerated sorbent gave
increased removal efficiency for Cu2+ ions which may be due to en-
hancement of surface adsorption site, which was not available in bare
adsorbent due to agglomerated particles and after regeneration with
MgCl2, those blocked sites exposed for interaction with Cu2+ ions. This
phenomenon is poorly described in the literature [34] and requires
further study. Also after repeated MgFe2O4 regeneration, preservation
of their magnetic properties was found (Fig. 6b).
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4. Conclusions

Magnetic magnesium ferrite was synthesized using modified gly-
cine-nitrate method when high temperature inert component (NaCl)
was injected to create "protected" and not aggregated nanoparticles.
The obtained MgFe2O4 nanoparticles were characterized by a low de-
gree of crystallinity (crystallite size of 8.2 nm), mesoporous structure
(ABET of 14m2 g−1, VBJH of 0.030 cm3 g−1 and DBJH of 8 nm), and were
presented in the form of spherical agglomerates with a size of about
1 µm consisting of crystallite 13–25 nm in size. Following trend
Co2+>Mn2+>Ni2+>Cu2+ was observed for the sorption of metal
ions. The maximum sorption capacity of Mn2+, Co2+, Ni2+ and Cu2+

ions at pH =5.0 were 1.56, 2.30, 0.89 and 0.46mmol g−1 respectively.
Regardless of the initial concentration, removal efficiency of metal ions
remains essentially unchanged after 20–60min of contact with the
sorbent. No significant effect of pH was observed in the studied range
3.0–7.0 due to high value of pHpzc MgFe2O4. The sorption of Co2+ and
Cu2+ ions onto MgFe2O4 can be reliably described by the equation of
monomolecular Langmuir adsorption. The sorption of Mn2+ and Ni2+

ions cannot be described by any of the studied sorption models.
Conducting four cycles of sorption with the subsequent MgFe2O4 re-
generation by 103 M MgCl2 solution showed the reusability of the
sorbent.
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