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l. Introduction

In recent years, climate change, the growth of the
human population and the insufficiency of water
resources have made the rehabilitation of polluted
water an urgent necessity [1], [2]. To this end, the
protection of the environment has become a major
concern of our society, thus encouraging the
development of processes for the improvement of
pollution control methods.

Mercury is a heavy metal found in nature in
different chemical forms. It is a shiny silvery metal
and it is the only one which presents in liquid form
under normal conditions of temperature and
pressure without super cooling phenomenon [3],
[4], conditions in which it has a significant vapor
pressure because beyond that, it vaporizes easily.
Mercury has eight natural isotopes: seven stable,
with mass numbers 204, 202, 201, 200, 199,
198,196 and a secondary radioactive with mass
number 194 [5]. Mercury is present in water either
in divalent form complexed by organic species or
not complexed, these two forms are the most
frequently encountered.

Several depollution methods and techniques have
been developed in order to conserve the planet, the
environment and living beings. Among these
techniques, chemical precipitation processes [6],
[7], ion exchange [8], electrolysis [9], membrane
processes and adsorption [10], [11].

Adsorption is one of the processes that has shown
great profitability for removing different types of
contaminants [12]. In addition, the research and
development of new effective, ecological,
profitable and economical adsorbents for water
treatment is a great challenge [13].

Graphene oxide is a very popular material with
great potential for its application in various fields of
research [14] such as adsorption of metal cations
[15]. Graphene oxide (GO) is a synthetic material
made from one of the allotropic forms of carbon
called graphite [16], it is formed from a single layer
of graphite therefore which can be considered as a
single  mono-molecular layer of graphene
containing different oxygen functional groups such
as epoxides (C-O-C), carbonyl (C-0), alcohols (-
OH) and carboxylic acids (O- C = Q).

In this work, we were interested in: Firstly the
synthesis of graphene oxide by recycling graphite
rods from electrical storage devices [17]. Second to
the study of the fixation of mercuric ions on the
mono-molecular layer of graphene oxide OG in
aquatic environments. To this end, a parametric
study, a thermodynamic study and a kinetic study
were made to fully understand the process of this
phenomenon.

1. Materials and methods

Graphene oxide was synthesized by modified
Hummer method. For this purpose, chemical
oxidation of graphite by recycling graphite rods
from electrical storage devices gives us graphite
oxide and the exfoliation of the latter gives rise to
the obtention of the nano-sheets of graphene oxide
(OG) [17]-[19].

2 g of graphite and 1 g of sodium nitrate NaNO3
were mixed with 46 ml of the sulfuric acid H2SO4
and stirred in an ice bath for 60 min. Then, under
vigorous agitation, 6 g of KMnO4 were slowly
added, so that the temperature of the mixture
remains below 5 °C. After a 2 hours agitation of the
solution at a temperature of 35 °C, 30 ml of
distilled water was slowly added, giving an
exothermic reaction allowing the solution to reach a
temperature of 95°C [17].

The solution has been diluted with a large amount
of distilled water (75 ml) and treated with a
hydrogen peroxide solution (H202, 30%) to reduce
the residual permanganate to soluble manganese
ions until the gas release ceases.

Finally, the graphite oxide solution was subjected to
an ultrasonic treatment for 30 minutes in order to
exfoliate the sheets of graphite oxide and obtain the
graphene oxide (OG), the latter was centrifuged and
washed by a solution of HCI (37%) then by distilled
water (several times). Graphene oxide was dried for
24 hat 60 °C.

11.1. Experimental

Our sample has been characterized on a brand name
FTIR-ATR spectrometer (Alpha-Brucker), in the
field of medium infrared wave numbers, between
400 and 4000 cm™. This device is controlled by
Opus 6.5 software, and equipped with a Total
Reflectance Accessory (ATR) made of robust
diamond crystal designed to facilitate meaningful
analysis without the use of KBr pellets.

X-ray diffraction is based on the recording of a
diffractogram, which makes it possible to identify /
quantify  the phases, to calculate the
crystallographic parameters and to determine the
average size of the crystallites by different methods
(Scherrer, Williamson-Hall). Our sample was
analyzed using a D8 Advance Eco Diffractogram
(Bruker) operating with a copper tube (A = 1.54 A).
The analysis by scanning electron microscope
(SEM) was made to see the morphology and the
structural characteristics of the "nano-composite
samples. In order to verify our studied material, and
to better observe the morphology of our samples we
used an SEM type Quanta FFG 250.

Copyright © 2023, Algerian Journal of Environmental Science and Technology, All rights reserved

3062



Tianzulines 1]

Algerian Journal of Environmental Science and Technology

June edition. Vol. 9. N°2. (2023)
ISSN :2437-1114
www.aljest.org

1. Results and discussion

The analysis of OG by Fourier Transform Infra-Red
spectroscopy FTIR-ATR; shows the main chemical
functions. A broad band at around 3039 cm
assigned to hydroxyl groups O-H and water
molecules H,O [20], A large peak in the form of a
doublet, one around 1566 cm™ attributed to c=c
bonds and the other around 1637 cm* is more often
attributed to C=0 group (Figure 1).
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Figure 1. Infrared spectra of Graphene oxide.

X-ray diffraction analysis was used to determine
interatomic distances and the arrangement of atoms
in crystal networks. The total chemical exfoliation
of graphene nano-sheets was confirmed by X-ray
diffraction (DRX). The X-ray spectra of graphite
powder (Figure 2) show the hexagonal structure
according to orientation (002), as was revealed by
the single peak at 20 =25° which corresponds to a
spacing of about 3.4 A° between the graphite
planes.
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Figure 2. X-ray diffraction of graphite.

The X-ray spectra of Graphene Oxide (OG) (Figure
3), show the absence of peak diffraction compared
to graphite (22 = 26.4°), this indicates the removal
of the periodicity in the structure of the exfoliated
Graphene [21], [22].

A

In fact, the increase in the intercalary spacing
following the oxidation of graphite comes from the
intercalation of oxygen-containing groups between
the layers of graphite, thus weakening the Van Der
Waals forces between the layers, which allows an
easy exfoliation via sonication in aqueous solution.
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Figure 3. X-ray diffraction of Graphene oxide.

The scanning electron microscope (SEM) allows to
surface images, virtually all solid materials. It is
one of the most widely available instruments for
studying and analyzing the structural characteristics
of nano-composites at the micrometric scale [23].
The (Figure 4) shows the enlargement of the
graphite grains. This scan electron microscopy
image shows a more homogeneous expansion on
the crushed sample. From the (Figure 5), we can
see that the images of our products show the
dynamic form of graphene oxide OG and confirm
the existence of homogeneity in the microscopic
structure.

V. Parametric study

In this work, we chose molecular absorption
spectroscopy with 2-[5-(2-Hydroxy-5-sulfophenyl)-
3-phenyl-1-formazyl] benzoic acid, known as
Zincon. The latter is particularly appropriate for the
determination of mercuric ions and some other
elements by UV-visible.

For this purpose, a spectrophotometer UV-2401PC
of Schimadzu mark was used for the analysis of the
concentration of cations metallic. The Hg*
calibration was performed with standard solutions
with concentrations ranging from 5.10* to 1073
mol/l. The calibration curves (absorbance according
to concentration) obtained from the linear
regression of experimental points showed good
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Figure 4. SEM images of graphite

Figure 5. SEM images of Graphene Oxide

linearity with a wavelength of 620 cm™. The
regression coefficient is 0.987.

1V.1. Equilibrium time

Since the adsorption phenomenon is a phenomenon
of fixation of the metal cations on the external layer
of the adsorbent, the time required for this fixation
plays a very important role in this study [24].

To this end, the study of this parameter was carried
out at times ranging from 0 to 50 minutes with an
adsorbent mass of 0.1 g and the results are shown in
the figure (Figure 6).

Based on these results, we can say that the
adsorption of mercuric ions reached a maximum
just after 10 minutes, after this time the extraction
yield will probably decrease due to the effect of the
agitation [25].

1V.2. Effect of initial concentration of Hg*?

For this reason, several concentrations have been
prepared in volumetric flasks 10, 2.10* and 5.10*
M and each mixed
with the same mass of the prepared GO under
medium stirring [26].

At equilibrium, the mixtures are separated by
centrifugation and the supernatant of the solutions

was determined by UV-visible spectrometry. The
results are shown in the figure (Figure 6).

The results give us the impression that more the
concentration of metal ions increases, more the
extraction efficiency decreases and this may be due
to the repulsive effect between the cations and the
saturation of the sites.

1V.3. Effect of the amount of the OG

In order to find a better Adsorbent/adsorbate ratio
for this extraction, we prepared three solutions of
the same concentration 104 M and mixed each with
different amounts of Graphene oxide OG 0.05 g,
0.1 g and 0.2 g. In the same way as the previous
step, we have determined the concentrations of
mercuric ions remaining in solutions. Figure
(Figure 6) shows the effect of the amount of
adsorbent on the extraction yield of Hg*?2.

The results shown in Figure 6, confirms the results
obtained in the study of the effect of the
concentration of the pollutant. Which means that
the more the quantity increases, the more the
extraction yield increases.

The quantity of support of 0.1 g of our adsorbent
seems to be the best mass, which gave us a better
extraction yield (73 %).
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1V.4. pH Effect

The pH effect is a very important parameter for the
adsorption process of mercuric ions Hg?* on our
material and for this a solution of nitric acid HNO3
was added to the solution studied to adjust the
different pH (3.5 — 4.5 and 5.8) Figure 6.

The best extraction yield obtained is pH = 5.8, this
is due to the stability of GO in basic media than in
acidic media which gave us a pasty form.

1V.5. Effect of the addition of salts

The study of the effect of salt on mercury extraction
was carried out by varying the concentration of
NaNOs (0.01, 0.1 and 1M) added in solution which
contains the metal cations and the results are shown
in Figure 6.

The increase in the concentration of salts in solution
plays the role of inhibitor for the fixation of
mercuric ions on the outer layer of our material,
this is explained by the competition of the common
ion released by the NaNQOs salt in solution.

1V.6. Effect of temperature

For this parameter, we have varied the temperature
at which our extraction was made (25, 35, 40 and
50 °C) and as was expected,

the rise in temperature inevitably leads to a
decrease in the extraction yield, which leaves us to
say, as a first result, that our adsorption is
exothermic Figure 6.

V. Thermodynamic study

The determination of the thermodynamic
parameters (AH, AS and AG) of the extraction of
mercury ions was studied using the following
thermodynamic relationships [27], [28]:

AG® = AH® — TAS® (01)
InAG° = —RTInKy (02)

From these two equations, we get the following
expression:

AS° AH°

Ink; = — —
R RT

(03)

The calculation of certain thermodynamic
parameters is essential to determine the nature of
the retention process. The equilibrium constant Kg
can be calculated from the following relation:

A

e (7)

Ko = [CO - qe%]

(04)

The adsorption capacity (q) of the metal ion studied
by graphene oxide is determined by the following
relationship:

mg\ (Co—Ce).V.M
(2)- =X
ge : Sorption capacity at equilibrium
Co and Ce : Are the concentrations of Hg?* at the
initial state and at equilibrium respectively
V : Volume of the treated mercury solution (10 ml)
M : Molar mass of (Hg (NOs3) 2, H20)
m: Mass of the Graphene Oxide OG
R : Ideal gas constant (R= 8,314 J.mol. K1)
Kaq : Distribution coefficient of Hg?* between the
two phases, aqueous and solid

The thermodynamic parameters are listed in Table
1, where AG values were obtained by plotting In K
d as a function of 1/ T (Figure 7).

Ik d « 3808448 1T 11,981
R*=-0872

In Kd

Figure 7. Evolution of Ln K4 as a function of 1/T.

The results of the thermodynamic study showed
that this adsorption is exothermic, spontaneous with
an order between the adsorbent and the adsorbate.

VI. Adsorption isotherm

The study of the adsorption isotherm is
fundamental and plays an important role in
determining the maximum adsorption capacity. In
order to adapt to the system considered, an
adequate model being able to reproduce the
experimental results obtained, the models of
Langmuir and Freundlich were considered.
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AHC(Kcal/mol) AS® (Cal /mol .K) AG® (Kcal/mol)

-7.72 -23.6 - 0.67

Table 1. Thermodynamic study
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Figure 6. A) Equilibrium time, B) Effect of initial concentration of Hg*?, C) Effect of the amount of the OG, D)
Effet of pH, E) Effect of the addition of salts, F) Effect of temperature
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These two models are the most used to adjust the
adsorption of heavy metals (Figure 8).
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Figure 8. Adsorption Isotherm of Hg*?

In the figure, the quantities adsorbed as a function
of the concentrations of the aqueous solution in
equilibrium show that the isotherm is type 1. This
behavior is encountered in the case where the
adsorption of the solvent is weak, and when the
molecules are not oriented vertically, but rather flat.

VI1.1. Langmuir isotherm

The Langmuir isotherm is related to the adsorption
of metal adsorbates on a surface containing a
defined number of sites or linking groups.
Mathematically, the Langmuir isotherm model is
defined by the following equation:

1o 41 (06)

qe - qm KL .Ce qm

Or

Qm is the monolayer capacity of the adsorbent and
Kv is the Langmuir adsorption constant. gm and KL
can be determined from the slope and the y-
intercept, respectively by plotting 1/ ge with respect
to 1/Ce (Figure 9)

Langmuir isotherm
1iqe =1,96 (1/Ce) - 0,017
R=0,944

1iqe

1Ce

Figure 9. Langmuir isotherm
VI1.2. Freundlich isotherm

This model describes systems where the adsorption
takes place on heterogeneous surfaces with
interactions between the adsorbed molecules; the
linear form is given by the following equation:

Log ge=log Kt + 1/n log Ce (07)

The constant (Kf), due to the binding energy, and
the heterogeneity factor (1 / n) which measures the
deviation from the linear part are determined from a
log ge curve as a function of log Ce. The
experimental results obtained at room temperature
are presented in Figure 10.

3

Freundlich isotherm
Inge= 1,197 InCe +12,773

R2=0,862 n

InCe
Figure 10. Freundlich isotherm

The adsorption data obtained show that the
adsorption of Hg? by OG follows the Langmuir
model.
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VIL. Kinetic study
VI11.1. Pseudo first order kinetics

In this model (model of the Lagergren equation), it
is assumed that the sorption rate at time t is
proportional to the difference between the quantity
adsorbed at equilibrium (ge) and the quantity (qgt)
adsorbed at this instant and that the adsorption can
be reversible The speed law is written :

Ln(ge-gt)=Ln(ge) - kit (08)

The pseudo first order kinetic model represents the
relationship between the difference between the
equilibrium retention capacity and the retention
capacity less than the equilibrium time and the
stirring time of the extractant [27]-[29].

Tane (min)
Figure 11. Pseudo-first-order

In other words, the sorption is all the faster as the
system is far from equilibrium.

The curve Ln (e - qr) as a function of the stirring
time is shown in Figure 11.

VI11.2. Pseudo second order kinetics

The kinetic model of the pseudo second order has
for mathematical equation the following linear
relation:

=1 42 (09)

qt - qe2. K qt

The pseudo second order kinetic model represents
the relationship between the stirring time and the
retention capacity at this time, less than the
equilibrium time, and the contact time between the
extractant and the mercury. The curve of t/ gias a
function of t is presented in Figurel12.

0.7

pseudo second order
tiq,=0,06 t+0,358

R’=0,901

@
o

Time (min)

Figure 12. Pseudo second order

The figure shows that the experimental results

obtained

perfectly follow the linear variation given

by the representative equation of pseudo second
order kinetics.

VI1II. Conclusion

The aim

of this work was to carry out a study of the

adsorption of mercuric ions Hg*? existing in aquatic
environments by an adsorbent not expensive, by
recycling the raw material (graphite). The results

obtained
the low

were encouraging in this study thanks to
cost of our material and the elimination

percentage, which reached 75%.

Our study has shown us that the adsorption process
in this study is exothermic, spontaneous with an
order between the solid phase and the liquid phase
and the isotherm follows the Langmuir model with
pseudo second order kinetics.

This study has given us perspectives with regard to
the elimination of existing metal cations in aquatic
environments by graphene oxides synthesized by
recycling.
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