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Industrial and agricultural processes have resulted in the release of
cadmium metal into the ecosystem. One way to remove this heavy metal is
adsorption. This research aimed to determine the efficiency of magnetic
nanographene for removing cadmium ions from aqueous solution., This
research was done in a discontinuous system at a laboratory scale. For this
purpose, the effect of effective parameters such as pH, concentration,
contact time, ambient temperature, adsorbent dose, and other factors was
investigated. The results showed that the maximum amount of cadmium
absorption occurred in the conditions of pH=6, concentration 100 mg/I,
contact time 120 min, ambient temperature 45 ° C and adsorbent dose 0.01
g. Thermodynamic parameters showed that the absorption process of
cadmium metal was spontaneous and endothermic in the temperature range
of 288 to 318 K The pseudo-second-order model with adsorption rate
constant (Kz = 0.0092) and coefficient of determination (R? = 0.99) showed
that it describes the laboratory data better. Also, the examination of
adsorption isotherms showed that the Freundlich isotherm (R? = 0.96) was
more suitable for describing the adsorption process and was more
consistent with the laboratory data. According to the results of this
research, magnetic oxide nanographene adsorbent with 92.8% efficiency
can be used to remove cadmium from aqueous solutions.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

heavy metals and other pollutants make it
necessary to find environmental solutions in

The limitation of water resources, lack of
rainfall, the risk of water crisis in the country and
the importance of water recovery on the one
hand and on the other hand the increase in
surface and underground water pollution by
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order to remove these substances from water
sources. Effluents containing heavy metals are
discharged into natural sources without proper
treatment, and the continued presence of heavy
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Removal of Cadmium lon from Aqueous Solutions

metals in water poses a serious threat to the
health of aquatic organisms and human health.
Among heavy metals, cadmium is one of the
most toxic. Cadmium metal is mainly used as an
anti-corrosion agent and is widely found in
plastics, pesticides, fertilizers, compounds from
the combustion of fossil fuels, etc. Short-term
and long-term exposure to this heavy metal is
harmful to human health and can lead to serious
diseases and various types of cancer. Products
containing cadmium are rarely recycled. For this
reason, negligence in the purification of
industrial waste occurs when it is discharged into
rivers and is left in industrial effluents, which
contributes to the pollution of the water
environment.

The World Health Organization (WHO) and the
United States Environmental Protection Agency
(EPA) set the maximum limit of cadmium in
drinking water as 3 and 5 ppb, respectively.
Therefore, removing this metal from the
environment is of particular importance.

There are common methods for removing heavy
metals based on physical and chemical
techniques, which include oxidation, reverse
osmosis, coagulation, electrochemical treatment,
sedimentation, filtration, ion exchange, and
adsorption.

Surface adsorption is one of the most important
methods to reduce heavy metals from
wastewater. Low concentration of metals, high
absorption capacity due to high specific surface,
absence of secondary toxic compounds, the
possibility of absorption of absorbed metals and
reuse of adsorbents, this method becomes a new
method that should be the priority of the present
study during the last few decades of technology.

Nano is rapidly growing as an economic sector
based on knowledge due to its unique physical
and chemical properties. The large specific
surface and many active sites of nanoparticles
enable them to have a higher adsorption capacity
compared to microabsorbents and microparticles.
Among different surface absorbents, graphene
and activated carbon are among the most
effective absorbents. The basis of these absorbers
is carbon, which in terms of abundance, there is
no concern for their preparation. Graphene oxide
is the most common derivative of graphene.
Graphene oxide nanoparticles have special
features such as high functionality, high
absorption capacity, easy synthesis, fast
solubility in water, excellent biocompatibility,
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and low biological toxicity which includes a
wide range groups on its surface. At the same
time, the magnetization of this material leads to
high absorption and easy separation from the
environment, which is easily controlled by a
simple magnetic process and can be cleaned.

According the increasing importance of the
pollution of water sources, the use of the new
adsorbent obtained with high efficiency in
industries is a significant and necessary matter.
Therefore, the aim of this research was to remove
cadmium ions from water and wastewater
environments by magnetic graphene oxide
nanoparticles

Material and Methods

FTIR spectrum was used to investigate the
chemical structure and functional groups of the
absorbent. Field-emission-scanning-electron-
microscope was used to investigate morphology,
appearance, particle shape determination,
porosity and particle size distribution. Diffraction
analysis (XRD) was used to determine the
crystalline structure of the absorbent. the impacts
of effective parameters such as time, pH,
concentration, and adsorbent dose were
investigated. The isotherm of the experimental
data was evaluated by using Langmuir and
Freundlich equations. Also, the equations of
absorption Kkinetic were examined to obtain the
best absorption model.

Results

The results obtained from FTIR spectrum,
scanning electron microscope and XRD were as
follows: Amino, carbonyl functional groups as
well as carbon-carbon and carbon-nitrogen
double bonds as well as nitrile triple bonds and
carbon-oxygen single bonds are clearly defined,
magnetic modified graphene oxide nanoparticles
due to their specific surface, after adsorption,
holes in Its particles can be seen, which means
that the adsorbent can be used several times in a
continuous absorption system without reducing
the absorption efficiency, and also XRD studies
showed strong peaks in the range of 62 equal to
29.32, 27.92 and 26.48 degrees, which show that
The high degree of crystallinity of
nanocomposite is due to internal and
intermolecular hydrogen bonds, and in general, it
indicates  crystalline and  non-molecular
absorption. Fig. (1) shows the XRD image of the
absorber.
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Fig. 1 XRD pattern of modified magnetic graphene
oxide nanoparticles
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The results indicated that cadmium absorption
increases with increasing pH in the range of 4 to
6. At 6 pH values, the cadmium absorption
capacity reached its maximum value. According
to the results, the absorption of cadmium
increased from 0.01 to 0.03 with the increase of
the adsorbent dose. The results of this study
showed that the percentage of removal and
absorption capacity of cadmium increases with
the increase of the adsorbent dose and then
decreases after a certain amount. This is due to
the fact that increasing the adsorbent dose creates
a larger surface, as a result, the number of active
sites for binding to metal ions increases, while
the concentration of metal ions is constant, as a
result, the number of adsorption sites available
for the interaction of the adsorbent and the
adsorbed metal increases. As a result, the
removal percentage increases. The results of the
kinetics of cadmium absorption indicate that the
pseudo-second-order model was more successful
in estimating the ge value (200 mg/g) than the
pseudo-first-order model (11.16 mg/g). By
increasing the contact time and increasing the
opportunity for cadmium ions to collide with the
adsorbent, the amount of absorption increases
and after 60 minutes after the contact of the
magnetic oxide nanographene adsorbent and
cadmium solution, the absorption process
reaches equilibrium. Increasing the contact time
after this time has no effect on the amount of
absorption. The thermodynamic results of
cadmium adsorption showed that the amount of
cadmium absorbed by magnetic oxide
nanographene  adsorbent increased  with
increasing temperature from 288 K to 313 K. The
reaction is spontaneous because the free energy
values of the process are negative at all studied
temperatures and change with increasing
temperature. (Fig. 2)
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y=-2921x + 14.462
R?=0.8981

.0031 0.0032 0.0033 0.0034 0.0035
1/7(k)
Fig. 2 InKc on 1/T for the adsorption of cadmium (I1)
by magnetic modified nano-graphene oxide

Freundlich with R? = 0.96 compared with
Langmuir R? = 0.79 can better explain the
absorption of cadmium ions.

Lnkc
OO L N W b U1 O

Conclusions

In the current research, the ability of magnetic
oxide nanographene to remove cadmium ions
from aqueous solutions was investigated and the
results obtained are as follows:

1. It was observed that the studied parameters
had a significant effect on the adsorption process
at p<0.05.

2. The amount of cadmium adsorption increased
with increasing temperature. The obtained
thermodynamic parameters indicated that the
cadmium absorption process was spontaneous
and the enthalpy and entropy changes were
positive. Moreover, the Freundlich model was
more consistent with the experimental data.

3. The maximum amount of adsorption was
carried out under the conditions of 60 min
contact time, 25 °C ambient temperature, 0.01 g
adsorbent mass and 100 mg/l concentration.

4. The results of this research showed that
magnetic nanographene oxide can be used as a
potential bioabsorbent to remove cadmium ion
from wastewater, which has the advantages of
availability, low cost, and high performance.

Data Availability
The data produced and used in this research are
presented in the text of the article.
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Joles 02> V MQIG oy e 5l amy Joles cll>
. (Glzel sisbos 8 conmpp O3> =M 5l Cos
and Saygili 2016)

e S oo -)-Y-Y

e S b Gl ol bole i S asllae
U el loj b i Olyndd CoeS (et g camlin 00>
Gupta ) 005 eolaiwl canlin iz Jao SO 51 len
o> St adlae jelaieas @nd Kumar. 2019
0 e ¢ gubline 9T (81,566 D3l (59, 2 pyaesls
s Vomall el b Jolowo Ve oMby g o505 3l «/2)
N N 0) b slagley jo g 05,5 adlsl £ Ll pH
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Fig. 1 Modified FTIR spectrophotometer of modified
magnetic oxide
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Table 1 Data analysis of cadmium initial pH at 0.05 level

ANOVA Sum of Squares df Mean Square F Sig.
Between Groups 2932.932 4 733.233 475.585 0.000
Within Groups 7.709 5 1.542
Total 2940.641 9
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Fig. 5 Effect of: a) pH changes on Cd removal (initial concentration: 20 mg/I, contact time: 60 min, adsorbent
dose: 0.01 g and temperature of 25°C) and b) adsorbent dose on Cd removal (initial concentration: 20 mg/I,
contact time: 60 min,.pH:6, and temperature of 25 °C)
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Table 2 Data analysis Initial cadmium concentration at the level of 0.05

ANOVA Sum of Squares df Mean Square F Sig.
Between Groups 193.024 4 48.256 313.647 0.000
Within Groups 0.769 5 0.154

Total 193.793 9
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Absorber name

Absorption capacity (g/gm)

Reference

Calcareous coral granules 14.77
oyster shells 49.2

calcined oyster shells 1666.67
peel of banana 5.71
Fennel plant biomass 26.59
Nano graphene magnetic oxide 1000

Shokobhi et al. 2014
Yan-jiao. 2011
Alidoust 2015

Anwar et al. 2010
Rao et al. 2010
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