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ABSTRACT. The fly ash generated from a
Romanian power plant was used as a
starting material in this study. The aim of
the study was to obtain a low cost material
based on the treatment of fly ash with
Fe;0, for utilization as an adsorbent for
cadmium ion removal. The adsorbent that
was synthesized was characterized using
different techniques. The adsorption
process was investigated by the batch
technique at room temperature. The
quantity of cadmium ion adsorbed was
measured  spectrophotometrically. The
experimental data showed that the material
can remove cadmium ions at all three
working concentrations. The adsorption
capacity increased with an increase in
concentration, respectively contact time.
The results were analyzed through two
kinetic models: pseudo first order and
pseudo second order. The kinetics results
of cadmium adsorption onto a magnetic
material are in good agreement with a
pseudo second order model, with a

maximum adsorption capacity of 4.03
mg/g, 6.73 mg/g, and 9.65 mg/g.
Additionally, the pseudo second order
model was linearized into its four types.
The results indicated that the material
obtained show the ability to remove
cadmium ions from an aqueous solution.

Keywords: magnetic adsorbent;
adsorption; cadmium ions; kinetic study.

INTRODUCTION

Cadmium ions have a negative
effect on human health because of its
toxicity (Abbasi et al., 2020; Buema
et al., 2020). Many researchers have
investigated the  possibility  of
eliminating cadmium ions from an
aqueous solution (Bagheri et al., 2019;
Es-Sahbany et al., 2021). One of the
most applied methods to remove
cadmium ions 1is the adsorption
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process (Sun et al., 2019; Yang et al.,
2018; Yilmaz et al., 2020; Zhang et al.,
2021). For example, hydroxyapatite
porous materials were used as
adsorbents for cadmium removal
(Ramdania et al., 2020). Yaacoubi et
al. studied the removal of cadmium
from water using a natural phosphate
as an adsorbent (Yaacoubi et al.,
2014). Biochars Produced from Agro-
Residues adsorbents were studied by
the research group of Lépez et al
(2020). Also, the literature shows
studies about recycling fly ash in
adsorption domain, taking into account
that the unused fly ash presents a
problem (specifically, the modified fly
ashes as adsorbent were investigated
(Harja et al., 2015; Mushtaq et al.,
2019; Buema et al., 2020; Huang et
al., 2020).

In the last period, of particular
interest among the  adsorbents
presented in the literature are magnetic
materials based on fly ash. An
advantage of the synthesized adsorbent
is that it is easily separated from the
aqueous solution using an external
magnet.

The properties of fly ash were
combined with the properties of Fe;O4
in order to obtain a good magnetic
adsorbent. Therefore, the aim of this
study was to evaluate the ability of one
material obtained from fly ash treated
with Fe;0,4 to be used in the cadmium
ion adsorption process. The obtained
product was analysed through
morphological, chemical, physical, and
magnetic properties.

The capacity of this material for
cadmium adsorption was discussed as
a function of the initial concentration
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and contact time. Kinetic data were
evaluated with the pseudo first order
model and pseudo second order model
(four types of its linearization).

MATERIALS AND METHODS

The fly ash used in this research was
collected from CET II Holboca, located in
Iasi, North-East Romania. Fe;O, was
purchased from Alfa Aesar and used
without any pre-treatment. All chemical
reagents were analytical grade and used as
received.

Material synthesis

The adsorbent was prepared as
described in a previous work (Harja et al.,
2021). Fly ash was used as the starting
material. The adsorbent was prepared by
mixing the fly ash with Fe;Oy; a ratio of
9/1 Fly ash/ Fe;04 was used. The contact
time of the synthesis was 4 h.

It should be noted that the adsorbent
synthesized is quickly separated from the
aqueous solution by an external magnetic
field.

Material characterization

The obtained adsorbent was
characterized before the adsorption study.
Thus, several techniques were applied for
the characterization: SEM, EDAX, XRD,
FTIR, BET surface area, and VSM.

Adsorption experiments

The initial cadmium solutions were
prepared by diluting a stock cadmium
nitrate tetrahydrate solution (500 mg/L)
with distilled water.

Two adsorption conditions, such as
initial cadmium concentration and contact
time, were used in order to study the
cadmium  adsorption  capacity and
cadmium removal efficiency, respectively.

The experiments were performed at
laboratory room temperature, a pH of 5 in
the Erlenmeyer flasks containing 25 mL of
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solution with an initial cadmium
concentration of 50 mg/L, 70 mg/L, and
100 mg/L, and 20 mg of the adsorbent.
The prepared material was withdrawn
from the aqueous solutions, and the
cadmium concentration in the supernatant

was analyzed using a UV-vis
spectrophotometer at 576 nm using
xylenolorange (C; H,sN>Na;013S). The
experiments were performed  with
intermittent stirring.
The parameters used in this
experiment are presented in Table 1.
Table 1 - Parameters used
in the batch experiments
Parameter Value
pH 5
Adsorbent dose 20 mg/25 mL
Initial Concentration, 50, 70, 100
mg/L
Contact time, min 5-120
Temperature, °C 25

©

Intensity (a.u)

Magnetization (emu/g)

The cadmium adsorption capacity, g
(mg/g), was calculated using Eq. (1):
_ (Co—CyV
q= p (1)
The cadmium removal efficiency, R
(%), was calculated using Eq. (2):
R= o=V a0 (2)
0
where, Co and C. are the initial and
equilibrium  cadmium  concentrations
(mg/L), q is the amount of cadmium
adsorbed onto the adsorbent (mg/g), V
represents the volume of cadmium solution
(L), m is the quantity of adsorbent (g).

RESULTS AND DISCUSSION

Characterization of adsorbent

The comprehensive characteriza-
tion of the adsorbent can be found in
the literature (Harja et al.,, 2021). An
overview of the material characteriza-
tion is presented below (Fig. 7).
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Figure 1 - Adsorbent characterization (a) SEM analysis;
(b) FTIR analysis; (c) XRD analysis; (d) VSM analysis
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The surface area of the adsorbent
is 6.153 m?%g, while the chemical
composition obtained through EDAX
analysis revealed that the adsorbent
contains C: 18.25%, O: 46.72%, Si:
13.95%, Al: 10.22%, Ca: 1.7%, Fe:
7.74%, K: 0.41%, Mg: 0.34%, Ti:
0.67%.

Kinetic study

The establishment of the time
needed to reach equilibrium in the
adsorption process is essential in
wastewater treatment applications. The
parameters for the design of adsorption
devices can be established through the
results of the kinetic study. The
influence of contact time was studied
at three different concentrations. The

study was conducted with 20 mg/25
mL dose of adsorbent, a pH value of 5,
120 min contact time, and a
temperature of 25°C with intermittent
stirring. The results are presented in
Fig. 2. This shows that there is an
increase in adsorption capacity when
the initial cadmium concentration was
increased from 50 mg/L to 70 mg/L
and 100 mg/L. On the other hand, the
adsorption capacity was increased by
increasing the contact time from 5 to
120 min. Also, the results show that
the equilibrium is reached quickly (in
approx. 45 min of contact time). This
fact can be attributed to the active sites
of the adsorbent surface.
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Figure 2 - Cadmium adsorption as a function
of the initial concentration and contact time

The data obtained in the batch
experiments at 50 mg/L, 70 mg/L, and
100 mg/L were analyzed for the best
fit through two kinetic models: pseudo
first order and pseudo second order
(Buema et al, 2020), which are
graphically represented in Fig. 3. The
calculated parameters are presented in
Table 2. From Table 2, it can be seen
that the k; values calculated from the
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pseudo first order model for cadmium
adsorption onto the prepared material
were 0.0552, 0.0442, and 0.0796. The
k, values were 0.1168, 0.1064, and

0.0976. The calculated adsorption
capacity is consistent with the
experimental data. Based on the

correlation coefficient, R% it can be
stated that the kinetic data are better fit
through the pseudo second order



model (Pashai Gatabi et al., 2016;
Kahrizi et al., 2018), with a maximum
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pseudo
linearized

second order

in

model was
its four linearization

adsorption capacity of 4.03 mg/g, 6.73

mg/g, and 9.65 mg/g. Additionally, the
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Figure 3 - Adsorption kinetics for cadmium

Table 2 - Kinetic parameters of cadmium adsorption

Initial cadmium

Pseudo first

Pseudo second order model

concentration order model
ks, 1/min R2 ge€Xxp, Qecal, kg, g/mg R2
’ mg/g mg/g min
50 mg/L 0.0552 0.9563 3.93 4.03 0.1168 0.9996
70 mg/L 0.0442 0.9722 6.63 6.73 0.1064 0.9999
100 mg/L 0.0796 0.9463 9.55 9.65 0.0976  0.9999
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(a)Initial cadmium concentration = 50 mg/L
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(c) Initial cadmium concentration = 100 mg/L
Figure 4 - Pseudo second order model Type 1 - Type 4
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This model was linearized into
four forms (Type 1 - Type 4) in order
to make a comparison between the
differences that occur from the
application of the linear regression
method to kinetic data. It should be
noted that the most popular linear form
used in the specialized literature is
Type 1. Table 3 reports the data.

From Table 3, it can be seen that
the values of the k parameter obtained
from the four linear forms are
different. The correlation coefficient
value, R%, of Linear Type 1 shows the
highest result. The other three types of

exhibited an unfavorable fit between
linearized  versions  with  the
experimental data, the R* values being
lower compared with Type 1. Based
on the results obtained, it can be stated
that is not recommended to estimate
the pseudo second order parameters by
Type 2, 3, and 4. Consequently, Type
1 is able to represent the cadmium
adsorption onto the prepared material.

Table 4 shows a comparison of
the cadmium adsorption capacities
reported in the literature and those
obtained for the magnetic material
prepared in this study.

the pseudo second order model
Table 3 - Pseudo second order kinetic parameters obtained from the linear forms
Kinetic Parameters Values
model 50 mg/L 70 mg/L 100 mg/L
Type | ge (Mg/g) 4.03 6.73 9.65
k (g/mg min) 0.1168 0.1064 0.0976
R’ 0.9996 0.9999 0.9999
Type Il ge (Mg/g) 3.92 6.61 9.57
k (g/mg min) 0.1852 0.1707 0.1234
R’ 0.865 0.8916 0.9094
Type Il ge (Mmg/g) 3.93 6.62 9.57
k (g/mg min) 0.3614 0.1365 0.0897
R’ 0.8403 0.8766 0.8995
Type IV ge (Mmg/g) 3.98 6.66 9.62
k (g/mg min) 0.1485 0.1457 0.1089
R’ 0.8403 0.8766 0.8995

Table 4 - Summary of cadmium adsorption capacity from selected studies

Adsorbent q, mg/g References

Magnetic biochar composite 1.67;2.74; 2.95 Reddy and Lee, 2014
Iron o>§|de nanoparticles with 109 Ehrampoush et al., 2015
tangerine peel extract

BC600, BC800, MBC600-0.6300, 10.82; 13.02; Khan et al. 2020
MBC800-0.6300 24.32; 39.26 "

Imogolite, Magnetite, Imo-Fe25, 9.1;13.1; 17 .4; Arancibia-Miranda et al.,
Imo-Fe50 22.7 2020

Fe304-chitosan composite 1"772259'34; 13.69; Rai et al., 2021
Deposited silt 0.0453 gggﬁke andiadhde;
FA/Fe;04 4.03; 6.73; 9.65 Current study
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It must be emphasized that the
adsorption conditions were different.
From Table 4, it can be seen that the
magnetic material obtained shows
good adsorption capacity.

CONCLUSION

This research presents preliminary
results of an ongoing study regarding
cadmium adsorption using a low cost
magnetic material based on fly ash. On
the basis of the results, the following
conclusions can be drawn:

The adsorbent synthesized was
characterized  using  six  basic
techniques.

The influence of two parameters,
initial cadmium concentration and
contact time, were investigated for the
cadmium adsorption  experiments
performed in this study. The results
show that the adsorption of cadmium
ion on the adsorbent surface is
dependent on the contact time and
initial concentration.

The study reported that using the
proposed working conditions, cadmium
ions were removed with an adsorption
capacity of 4.03 mg/g, 6.73 mg/g, and
9.65 mg/g, respectively.

The results were fitted using two
kinetic models. The R* values for the
pseudo second order model were
higher compared to the pseudo first
order model for all three working
concentrations. Consequently, it can be
stated that the chemical adsorption
process is predominant.

The overall results suggest that a
magnetic material can be used as a low
cost adsorbent for treating aqueous
solutions polluted with cadmium ions.
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