
http://www.revistadechimie.ro REV. CHIM. (Bucharest) ♦ 66 ♦ No. 11 ♦ 20151742

Arsenic Removal Through Adsorption
on Cobalt Nanoferrite
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This paper presents the studies regarding the synthesis, characterization and application of cobalt ferrite
nanoparticles. For the synthesis of cobalt ferrite was used the thermal decomposition of [Fe2Co(C2O4)4(OH2)6]
precursor at 500oC, an efficient route of various ferrites synthesis. The obtained cobalt ferrite was investigated
by FTIR spectroscopy, X-ray diffraction, SEM coupled with EDX, investigations which showed that the obtained
particles are homogeneous as shape and size. Due to the obtained nanoparticles and due to the affinity of
arsenic toward iron, the obtained cobalt ferrite was applied with success as adsorbent in the removal
process of arsenic from aqueous solutions. The studied material developed a maximum adsorption capacity
(according to Langmuir isotherm) of 250 μg of As(V)/g of cobalt ferrite, obtaining a residual concentration of
As(V) under the maximum admitted value by the World Health Organization (10μg/L).
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The possibility of preparing ferrites in the form of
nanoparticles has started a new and exciting research field,
with revolutionary applications [1-5]. In addition, ferrites
can be used as magnetic carriers to realize magnetic
separation in waste water treatment for their ferromagnetic
or supermagnetic properties [6-10]. The magnetic
separation represents an efficient and economic method
for separating magnetic particles from suspensions. Due
to this important advantage in a lot of researches these
ferrites were used as reusable adsorbents for the removal
of various pollutants from waste waters [11-22]. In this
way a few methods were developed for the spinel ferrites
obtaining such as: sol-gel [23, 24], coprecipitation [25, 26],
solvothermal [27], combustion [28], hydrothermal [29],
etc. In the last years the thermal decomposition of solid
heteropolynuclear coordination compounds, as precursors,
have been widely used for synthesis of nanoferrites. It
represents a versatile and predictable unconventional
method, due to the possibility of controlling the quality
(composition and microstructure) of the end products
featuring, by selecting suitable ligands [30-32].

In the present paper we focused on the synthesis and
characterization of the cobalt nanoferrite, because a few
work on this compound have been reported in the literature
because  the experimental work which is very limited [33-
37]. From this reason in this paper for the synthesis of
CoFe2O4 was used the thermal decomposition of cobalt-
ferrioxalate precursor. It  represents an efficient route of
various ferrites synthesis.

In order to determine the adsorption properties of the
obtained cobalt ferrite this was used as adsorbent material
in the removal process of arsenate from aqueous solutions.
We took into account this pollutant because it is well
known that the arsenic-contaminated drinking water is a
major environmental problem, because of  its toxic effects
on human health and environment [38-42]. It is aspected
to obtain a higher efficiency in the removal process due to
the high affinity of arsenic to iron ions [43-46].

Experimental part
As starting materials, Fe(NO3)3· 9H2O (Merck), Co(NO3)2

. 6H2O (Merck), 1,2-ethanediol (ethyleneglycol EG, Merck)
and, 2M nitric acid (Merck) solution were employed.

An aqueous solution containing ethanediol, iron nitrate,
cobalt nitrate and nitric acid (2M) in a molar ratio x : 2 : 1 :
y where x ≥ 3 and y ≥ 2 is heated in a water bath. The
reaction is completed when no more gas evolving is
observed. The obtained solid reaction product, purified by
refluxing with an adequate acetone-water mixture, is
filtered, washed with acetone and maintained in air until
constant mass. The reaction yield is nearly quantitative
(>90%). The coordination compound [Fe2Co(C2O4)4
(OH2)6] precursor is synthesized using 2M nitric acid
solution. The oxide CoFe2O4 is obtained after heating
treatment of the precursor at 500oC for one hour, with a
heating rate of 5oC/min.

The FTIR spectrum (KBr pellets) of the ferrite was
recorded on a Vertex 70 BRUKER-FTIR spectrophotometer
in the range 400–4000 cm-1. The oxide was characterized
by X-Ray diffraction (XRD) analysis. The powder X-Ray
diffraction pattern of the obtained oxide was recorded at
room temperature with a XRD using a Rigaku Ultima IV
diffractometer, using Cu Kα radiation (λ = 1.5418Αο). SEM
image was recorded using a Quanta FEG 250 microscope,
equipped with an EDAX ZAF quantifier.

For the adsorption experiments a well quantity of cobalt
ferrite (0.05 g) was used for the treatment of 25 mL of
As(V) solutions containing various concentrations (50, 100,
300, 500 and 700 μg/L). The samples were shacked for 2
h using a Julabo SW 23 shacker. Atfer the time elapsed the
samples were magnetically separated and in the resulted
solutions was determined the residual concentration of
As(V) through atomic absorption spectrometry using a
Varian SpectrAA 110 atomic absorption spectrometer with
a Varian VGA 77 hydride generation system. The adsorption
performance of the studied material was expressed as
arsenic metal uptake (μg/g) eq.1. [1-5]:
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Fig. 1. FTIR spectrum of CoFe2O4

ferrite obtained after the
calcination at 500p C for 1h of the

coordination compound

(1)

where: C0 and Ce are the concentrations of arsenate (mg/
L) in the solution, initially (t=0) and at equilibrium,
respectively, V is the volume of the solution and m is the
mass of adsorbent.

In all the adsorption experiments the used solid – liquid
ratio was 0.1 g of adsorbent in 25 mL of arsenic containing
aqueous solutions, and the pH of the solutions was kept
around 9. The stock solution of arsenic was prepared by
diluting an appropriate amount of H3AsO4 in 0.5 M HNO3
solution (Merck Standard Solutions). Other solutions of
As(V) ions were prepared from the stock solution by
appropriate dilution. All other chemicals used for
experiments were of analytical reagent grade, and were
used without further purification. Distilled water was used
in all experiments.

The equilibrium studies were conducted in order to
determine the maximum adsorption capacities of the
studied material in the removal process of As(V) from
aqueous solutions as a function of its surface properties. In
order to determine the relationship between the amount
of As(V) ions adsorbed by the cobalt ferrite and the
maximum adsorption capacity of the studied material the
experimental data were fitted with the well known
Freundlich and Langmuir isotherms [38-46].

The linear form of the Freundlich isotherm equation can
be written as:

(2)

where qe is the quantity of As(V) adsorbed per gram of
adsorbent and Ce is the equilibrium concentration of the
adsorbate after adsorption (μg/L). KF and 1/n are
characteristic constants which can be associated with the
relative adsorption capacity of the adsorbent material (μg/
g), respective with the intensity of adsorption.

The linear form of the Langmuir isotherm is expressed
as the following equation:

(3)

where: qm is the maximum adsorption capacity (μg/g) and
KL is the Langmuir constant associated with the affinity
between the adsorbent and adsorbate (L/μg). The other
terms have the same meaning as described above.

Results and discussions
Mixed oxide obtaining and characterization

The obtaining of the coordination compound, as
precursor, is based on the redox reaction between 1,2-
ethanediol and nitrate ion [32]:

The cobalt ferrite was obtained after the calcination of
the coordination compound at 500oC. The ferrite were
identified by IR (fig. 1) and XRD (fig. 2).

The FTIR (absorption bands at 584 cm-1 and 400 cm-1)
[47] and XRD (diffraction lines in accordance with JCPDS
22-1086, fig. 1) of the oxide obtained at 500o C indentify
only the presence of cubic cobalt ferrite of CoFe2O4. These
results are superior that the ones obtained through the
thermolysis of a physical mixture CoC2O4· 2H2O-2FeC2O4·
2H2O, where after a similar heating treatment only a
mixture simple oxides such as Co3O4 and α-Fe2O3 was
obtained [48].

In figure 2 is presented the XRD pattern of the product
obtained after an independent calcination in the furnace
at 500°C in static air atmosphere. The XRD pattern shows
the presence of the characteristic peaks of  pure cobalt
ferrite was identified in using JCPDS 22-1086 (8.392Ao).
The average crystallites size was evaluated using
Scherrer’s formula [49]: dXRD = [0.91λ/(βcosθ)] x 57.32,
where dXRD is the crystallite size, λ the wave length (Cu
Kα), β the corrected half-width obtained using α quartz as
reference and the Waren formula and θ is the diffraction
angle of the most intense diffraction peak.

The mean crystallite size evaluated using Scherrer’s
formula is 20 nm and the lattice parameter from XRD
analysis is 8.3855Ao.
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Fig. 2. The XRD of CoFe2O4 derived from [Fe2Co(C2O4)4 (OH2)6]
compound obtained by an independent pyrolysis at 500oC

Fig. 3. SEM image of CoFe2O4 powder prepared from
Fe2Co(C2O4)4(OH2)6 compound thermally treated at 500oC

Fig. 4. EDX spectrum of CoFe2O4 powder prepared from
Fe2Co(C2O4)4(OH2)6 compound thermally treated at 500oC

Fig. 5. As(V) adsorption isotherm onto the cobalt ferrite

Table 1
PARAMETERS OF LANGMUIR AND FREUNDLICH ISOTHERMS FOR As(V)

ADSORPTION ONTO THE COBALT FERRITE

Fig. 6. Freundlich isotherm of As(V) adsorption onto the cobalt
ferrite

The SEM image (fig. 3) at high magnification (x150 000)
shows for the cobalt ferrite obtained at 500oC is compased
of very small particles, almost homogeneous as shape and
size.

The size of the nanoparticles evaluated from SEM image
was found to be in the range of 20-50nm, which is in good
agreement with the particle size calculated using XRD
data.

The EDX spectrum of CoFe2O4 is presented in figure 4.
Qualitative and quantitative EDX analyzes showed a high
purity and corresponding stoichiometry of the cobalt ferrite
analyzed.

Adsorption experiments
The adsorption isotherm of As(V) removal by the studied

material is presented in figure 5. It can be observed that
the initial removal of As(V) is fast and at higher equilibrium
concentration the adsorption capacity achieve a constant
value.

The linear plot for the Freundlich isotherm was obtained
through the graphical representation of lnqe function of lnCe
(fig. 6). From the plot and intercept values were calculated
1/n and KF parameters. The values of qm and KL were

determined from the graphical representation of Ce/qe
versus Ce (fig. 7).

The isotherms parameters, as well as the correlation
coefficients (R2) for As(V) adsorption onto the cobalt ferrite
are presented in table 1.

The Freundlich isotherm presents a lower regression
coefficient suggesting a restriction in its use. The constants
KF can be defined as an adsorption coefficient which
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Fig. 7. Langmuir isotherm of As(V) adsorption onto the cobalt
ferrite

represent the quantity of As(V) ions adsorbed for an unitary
equilibrium concentration. The slope 1/n is a measure of
the adsorption intensity. Because the value of 1/n is lower
than 1 this shows that the As(V) adsorption onto cobalt
ferrite is favorable (table 1). The Langmuir model effectively
describes the adsorption of As(V) onto the cobalt ferrite on
the entire concentration range studied. Moreover the
maximum adsorption capacity obtained from the
Langmuir isotherm is closed with those experimental
determined.

The essential characteristics of the Langmuir isotherm
parameters can be used to predict the affinity between
the sorbate and sorbent using separation factor or
dimensionless equilibrium parameter, RL expressed as in
the following equation:

(4)

where KL is the Langmuir constant and Co is the initial
concentration of As(V) ions. The value of separation
parameter RL provides important information about the
nature of adsorption. The value of RL indicated the type of
Langmuir isotherm to be irreversible (RL =0), favourable
(0< RL< 1), linear (RL=1), or unfavourable (RL> 1). The RL
was found to be between 0 and 1 for the entire
concentration range, which indicates the favourable
adsorption of As(V) onto the studied material.

The experimental data confirm the fact that the
obtained cobalt ferrite can be successfully used in the
removal process of As(V) from aqueous solutions, the
maximum adsorption capacity being of 250 244 μg/g.

Conclusions
Cobalt nanoferrite with spinel structure was obtained

after the calcination of cobalt ferrioxalate coordination
compound at 500oC. The ferrite was identified by IR and
XRD. The average particle size of oxide was in the range of
20-50 nm, as revealed by XRD and SEM techniques.

The cobalt ferrite obtained shows a good adsorptive
properties based on particles size. The obtained ferrite was
investigated for As(V) adsorption from aqueous solutions
containing arsenic concentration from 50 to 700 mg/L. The
adsorption behaviours were thoroughly studied by Langmuir
and Freundlich isotherms. The studied material can be
effectively used in the removal process of As(V) from
aqueous solutions containing trace concentration of arsenic
(the most often found concentrations in the real
underground waters) and obtaining a residual
concentration under the maximum admitted value by the
World Health Organization.
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