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Abstract

A scalable method of oxalate co-precipitation was used to prepare magnesium oxide (MgO) nanoparticles. The precipitant used was
oxalic acid and the source of soluble magnesium was magnesium sulfate. Highly crystalline MgO nanoparticles prepared by
calcining at 700°C were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM) and Atomic Force
Microcopy Analysis (AFM). The (MgO) nanoparticles were employed to investigate the adsorption performance of Methyl Violet
(MV) dye from aqueous solutions under different conditions, i.e., contact time, pH, dye concentration and temperature. Maximum
adsorption (96%) was obtained at time (60 min.), pH 6, at (20°C ) and adsorbent dosage (0.05 g/L). It was found that the effect of
temperature is inversely proportional to the percentage of dye removal in the studied range (20-50°C). Pseudo-second-order
(R?=0.9968) and Langmuir models (R?>=0.9931) described excellent fits in kinetic and isotherm experiments, respectively, indicating
monolayer coverage and chemisorption. The greater adsorption capability of MgO was verified in comparison to equivalent

adsorbents (qmax=83.1 mg/g).
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1- Introduction

Synthetic dyes have become a growing environmental
concern, being a significant source of water pollution, due
to their extensive use in many industries such as textiles,
paper, cosmetics, and pharmaceuticals. These dyes pose
serious ecological and health hazards, in addition to
degrading the aesthetic qualities of water bodies [1].

One of the main ecological issues with such
contamination is the interference with sunlight penetration
which disrupts photosynthetic activity in the aquatic
system. Additionally, many synthetic dyes are toxic,
carcinogenic, and resistant to biodegradation, which
makes their removal a challenge [2].

Methyl violet is a commonly used synthetic cationic
dye, used as a coloring agent in many industrial
processes, as well as being a pH indicator. Even at low
concentrations, Methyl Violet is associated with harmful
biological effects, such as mutagenicity, carcinogenicity,
and cytotoxicity. Its persistence in water bodies cause its
accumulation which leads to biohazard risks to both
aquatic ecosystem and human health. Therefore, the
effective removal of Methyl Violet from wastewater
before discharging it is essential [3, 4].

There are numerous methods that have been developed
to remove dyes from wastewater, whether
physical, chemical, or biological. Including, advanced
oxidation processes, coagulation- flocculation, microbial
degradation, and membrane filtration. However, many of

these techniques have limitations such as high operational
costs, energy intensity, generation of secondary
pollutants, and reduced efficiency at low dye
concentrations [5].

Adsorption, however, has emerged as one of the most
efficient environmentally friendly methods, with many
advantages like cost-effectiveness, simplicity, high
efficiency even at low concentrations, and the potential
for regeneration and reuse of the adsorbent [6].

In this context, nanoparticles have gained attention as
quite advanced adsorbents because of the characteristics
such as abundant active sites, also the unique chemistry of
their surface, and of course their exceptionally high
surface area compared to volume. Dye molecules interact
more with such properties, leading to superior bulk
counter parts occur. Materials of nano-structure enable
tunable surface properties. These properties do allow for
selective dye removal as well as potential regeneration
[7].

Magnesium Oxide (MgO) nanoparticles, in particular,
stand prominent as a good dye removal adsorbent. Since
MgO is a non-toxic material that is thermally stable and
inexpensive with a highly basic surface, therefore it is
especially effective in the adsorbing of acidic dyes and
cationic dyes like Methyl Violet. MgO exhibits improved
surface area, porosity, and reactivity. When synthesized at
the nano-scale, it results improved adsorption efficiency.
MgO nanoparticles are promising candidate for
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applications in wastewater treatment. Ease of synthesis
coupled with chemical durability defines these
characteristics [8-10].

MgO nanoparticles have also been used in earlier
studies to adsorb synthetic dyes Methylene Blue,
Rhodamine B, and Congo Red from the aqueous solution,
and a high surface basicity and porosity as well as fast
adsorption kinetics of the adsorbent have been credited as
the prominent driving factors for the high affinity of
adsorption [11, 12].

MgO nanoparticle synthesis methods explored by
researchers include sol-gel, hydrothermal, combustion,
and co-precipitation techniques. The oxalate co-
precipitation method among them is a particularly
attractive one. The process eases creation of MgO
particles that are fine plus uniform showing better
surfaces. It is cost-effective as well as scalable;
furthermore, it is suitable enough for nanoparticle
production with desirable morphological characteristics
[13, 14].

Organic sorbents include natural clays and activation
products from biomass (biochars and activated carbons)
and other waste products, and many adsorbents tested
show good removal efficiencies for Methyl Violet.
However, these adsorbents may have low adsorption
capacities, be too expensive, be difficult to separate or
regenerate, or have low efficiencies under certain
conditions. These limitations require the development of
adsorbents that are highly efficient, inexpensive, and
easily reusable [15, 16].

This study aims to wuse oxalate co-precipitation
technique to synthesize MgO nanoparticles and test their
adsorptive efficiency in the removal of Methyl Violet dye
from aqueous solutions. Then, analyze and compare its
performance with other nanomaterials to evaluate the
potential of wusing MgO in wastewater treatment
applications.

2- Materials and methods
2.1. Materials

For the preparation of magnesium oxide nanoparticles,
magnesium sulfate heptahydrate (MgS04.7H,O) from
Sigma-Aldrich (Germany) was used as the magnesium
precursor. Oxalic acid dihydrate (H>C,04.2H,O) from
Merck (Germany), serving as the precipitating agent.
Hydrochloric acid (HCI, Merck, Germany) and sodium
hydroxide (NaOH, Merch, Germany) were employed to
adjust and control pH values during the synthesis and the
adsorption experiments.

Methyl violet (MV), a synthetic cationic dye, purchased
also from Merck was selected as the target adsorbate, it
was used to prepare the aqueous solutions by dissolving it
in distilled water. All the experiments were performed
using freshly prepared solutions.

2.2. Synthesis of magnesium oxide (MgO) nanoparticles

MgO nanoparticles were prepared using wet chemical
co-precipitation  method, followed by thermal
decomposition, a method widely used to produce oxide-
based nanoparticles due to its cost effectiveness, and
simplicity [17].

The nanoparticles were prepared by preparing 1.0 M
solution of MgS04.7H,O using deionized water under
magnetic stirring. A stoichiometric oxalic acid dehydrate
was added drop-wise into the magnesium sulfate solution
with continuous stirring (400 rpm) at room temperature.
After 20 minutes, a white precipitate of Magnesium
oxalates dehydrate was formed [18].

The precipitate was collected by vacuum filtration,
washed multiple times by distilled water to remove any
excess ions, and then dried in a hot air oven at 100 °C for
12 hours.

A calcination process was carried out in a muffle
furnace at 700°C for 4 hours to obtain MgO crystalline
nanoparticles. This temperature was based on prior
studies suggesting that pore development and surface area
are both enhanced at elevated thermal treatment [19].

2.3. Preparation of methyl violet solutions

The methyl violet dye stock solution was prepared by
dissolving 0.1 g dye powder in 1 L of double distilled
water in a volumetric flask. Then, different concentrations
(20-50 mg/L) working solutions were prepared by
diluting the stock solution. Those working solutions were
placed in 100 ml amber glass containers to prevent
degradation, as amber glass blocks most UV and visible
light, which might affect of the light-sensitive dye.

2.4. Adsorption studies

Adsorption studies were performed in a batch manner
following three consecutive sets to fully evaluate the
performance of the MgO nanoparticles in the dye
removal. The first set was prepared by mixing different
weights of the magnesium nanoparticles (0.01-0.05 g/L)
with variable dye concentrations (5-30 mg/L) of the
methyl violet aqueous solution in 100 ml containers with
initial pH of 3. The mixture was shaken by an orbital
shaker (JSR Korea) at 200 rpm and room temperature.
The equilibrium concentration of the dye was then
measured by using UV-Vis  Spectrophotometer
(Shemadzu UV-1800, Japan) at a wavelength of 580 nm,
which corresponds to maximum absorbance of MV dye
[20]. This set was used to determine the best conditions in
terms of contact time, and pH applying different pH (3-
10) with 1 stepping each to determine the best pH. The
second set of batch experiments was performed based on
the best conditions of the first set, to determine the best
adsorbent dosage.

The third set used the best conditions obtained from the
previous two sets to study the effect of temperature
variation applying different temperatures (20—50 °C) with
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10 °C stepping to determine the best temperature that
results the best removal efficiency.

The percentage of removal efficiency and the adsorption
capacity at equilibrium (q.) were calculated as follows
[20]:

removal % = (C"COC"’ ) *100 ¢9)
v
ge= (Co— Co) * " (2)

Where, Co and Ce are the initial and equilibrium
concentrations of the dye (mg/L), respectively. ge is the
equilibrium dye concentration on adsorbent (mg/g). V is
the volume of dye solution (L), and M is the mass of
adsorbent (g).

3- Results and discussions
3.1. Scanning electron microscopy analysis (SEM)

Fig. 1 (a, b) explains the SEM micrographs of the
MgO nanoparticles derived from wet chemical co-
precipitation method and thermal decomposition at 700
°C show the characteristic morphological features
confirming nano-sized MgO particle formation. As seen
from Fig. 1 (a) (20.0 kx magnification), the particles are
porous, irregular, and agglomerated loosely. Particle
diameters are in the range of 65 nm to 156 nm, but most
of the particles are in the range of 65-85 nm, although
some larger aggregates up to 156 nm are observed. This is
perhaps due to differences in nucleation and growth in the
thermal decomposition reaction. The clustering obvious in
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the images is a result of the high surface energy and
electrostatic attraction of MgO nanoparticles, favoring
sticking of particles together during drying and
calcination steps. Although individual particles are
nanometer in size, the agglomerates are secondary
agglomerates comprising an agglomeration of a network
of interconnected pores. Fig. 1 (b), at 10.0 kx
magnification, shows a larger view that identifies clusters
with highly porous texture, suitable for catalytic as well as
adsorption applications. The porosity arises because of the
decomposition of magnesium oxalate on calcination, and
the evolution of CO and CO: gases enables the formation
of pores and enhances surface roughness. Such structure
enhances available surface area and accessibility of active
sites. Calcination temperature used (700 °C) is significant
in achieving complete phase change of magnesium
oxalate to magnesium oxide (MgO) with retention of
crystallinity. Partial sintering, with some formation of
larger particles and moderate decrease of overall surface
area, can take place to some extent at this temperature.
Control of particle growth and improvement of uniformity
can possibly be achieved by, for example, optimization of
the calcination conditions or using surfactants to control
the growth.

The SEM analysis suggests that the synthesis process
yields MgO nanoparticles that have nanoscale dimension,
porous structure, and high surface heterogeneity, making
them highly suitable for applications such as adsorption-
based wastewater treatment. The synergy of reduced
particle size and interconnected porosity achieves a best
compromise between structural strength and surface area.

SEM HV: 20.0 kV Det SE il NanoLAB-MOST

SEM MAG: 10.0kx  Date(midly): 07/23/25 5 ym

Fig. 1. (a) SEM of MgO nanoparticles (20.0 kx magnification), (b) SEM of MgO nanoparticles (10.0 kx magnification)

3.2. Atomic force microcopy analysis (AFM)

Atomic force microscopy (AFM) was used for the
determination of the MgO nanoparticle topography before
the adsorption of the organic dye. Analyzing the height
image of a scan area of 2 x 2 um in Fig. 2 provides
information on a nano-granular topography with closely
packed MgO nano-particles that form agglomerates.

Large height variations (0—900 nm) suggest the presence
of multi-particle agglomerates as well as individual
particles, as is typically seen in precipitate-calcined MgO
with strong particle interactions.

From AFM image analysis, the particle size distribution
in Fig. 3 shows a wide distribution of particles in the
nanometer range, which varies between 5 and 80 nm.
However, the most dominant size range is between 10-20
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nm. Given that 213 particles were analyzed, the mean
particle size is estimated to be 40 £ 10 nm. This shows
that there is a distribution of both primary nano-sized
particles, as well as aggregated nano-domains.

Such nano-scale roughness, as well as a wide
distribution within the particle size as shown in Fig. 4, is
ideal for adsorption purposes.
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Fig. 2. AFM size distribution of MgO

nanoparticles over a 2 x 2 um scan area
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Fig. 3. 3D AFM height/topography
nanoparticles over a 2 x 2 um scan area
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Fig. 4. Particle-size distribution histogram obtained from
AFM analysis (n = 213). The particle sizes range from ~5
to 80 nm, with an average size of 40 + 10 nm and a
dominant peak at 10 nm

3.3. X-ray diffraction analysis (XRD)

XRD pattern of the crystal structure of as-synthesized
MgO nanoparticles is shown in Fig. 5 The pattern
illustrates well-resolved and sharp diffraction peaks at 20
positions of 36.77°, 42.77°, 62.14°, 74.55°, and 78.49°,
respectively, corresponding to the (111), (200), (220),
(311), and (222) planes of cubic periclase MgO (JCPDS
card No. 45-0946), respectively. Observation of these
reflections confirms the synthesis of phase-pure
crystalline MgO with a face-centered cubic (FCC)
structure.

The intensity of the (200) peak at 42.77° is very high
and it suggests preferred orientation along this
crystallographic direction, the unusually strong (200)
peak means that many MgO crystallites are aligned so
that their (200)/(100) planes are predominantly exposed to
the X-ray beam. This “preferred orientation” does not
change the cubic crystal structure but indicates
anisotropic growth, where crystals develop more rapidly
along particular directions. As a result, certain facets -here
the {100} family- are more abundant, which can influence
surface reactivity and adsorption behavior. There is no
other peak for intermediate or secondary phases such as
magnesium hydroxide or carbonates indicating the
absence of any intermediate or secondary phase. This
ensures that calcination temperature of 700°C was
sufficient for complete transformation of the precursor to
desired oxide phase without decomposition by-products.
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Fig. 5. XRD chart of MgO nanoparticles

Size of MgO nanoparticles was estimated from the
Scherrer equation, full width at half maximum (FWHM)
of the primary peaks. The Scherrer equation can be
written as [21]:

KA (3)

T™T=
Bcos 6

where: 1 is the average size of the (crystalline) domains,
its value is smaller or equal to the crystalline size; K is a
dimensionless shape factor, with a value close to unity.

The shape factor has a typical value of about 0.9, but
varies with the actual shape of the crystallite; A is the X-
ray wavelength; Bis the line broadening at half the
maximum intensity (FWHM), after subtracting the
instrumental line broadening, in radians. This quantity is
also sometimes denoted as A(20). 0 is the Bragg angle.
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The crystallite size calculated was 19-30 nm,
confirming the nanosize of the fabricated particles. The
widths of the peaks were fairly thin, and the high intensity
of peaks also indicate a well-crystallized phase with no
lattice distortion or internal strain.

Overall, the XRD analysis confirms that the utilized co-
precipitation after thermal decomposition process gave
single-phase highly crystalline MgO nanoparticles of the
requisite nanoscale sizes suitable for applications such as
dye adsorption for which surface area and crystallinity are
the deciding factors.

3.4. Effect of contact time

The effect of contact time when MgO nanoparticles
are used as an adsorbent to remove methyl violet is
illustrated as shown in Fig. 6.

The dye removal increased rapidly in the first 40
minutes, followed by a slower rate approaching
equilibrium where the efficiency was about 68% at 60
minutes of contact time.
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Fig. 6. The effect of contact time on the percentage of
methyl violet dye removal (Co=50 mg/L, dosage =0.05 g,
pH=3)

This adsorption pattern is characteristic for many
adsorbents [22, 23], in the initial 30 minutes the
adsorption rate was high due to the abundance of the
unoccupied surface sites, and the strong gradient between
these adsorbent sites and the dye molecules in the
solution. As the process progresses, these sites were being
increasingly occupied, causing the driving force for the
mass transfer to be diminished and the repulsive forces
between the dye molecules to hinder the further uptake
from the bulk solution. The slowing of the rate means that
the system is nearing the saturation. This behavior is
consistent with the pseudo-second order Kkinetics
suggesting valence forces involved in the chemisorption
to be the dominant mechanism in this process [24].
Determining such effect while the system establishes
equilibrium is crucial in the design of any continues batch
wastewater treatment system.
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3.5. Effect of pH

The effect of the solution's pH on the removal
percentage is shown in Fig. 7 The percentage of dye
removal reached its peak (~96%) at pH 6. At low pH
values, there was an excess of free hydrogen ions (H"),
those positive ions were competing with the cationic dye
molecules to occupy the available active sites on the
adsorbent surface reducing the dye uptake as the
nanoparticles surface becomes protonated causing the dye
molecules to rebel the positively charged dye molecules
[25].

100
95 |
90 |
85
80 |
75 -
70 |
65 |
60

Percentage of dye removal

2 4 6 8 10

pH values

Fig. 7. The effect of pH on the percentage of methyl
violet dye removal (Co=50 mg/L. dosage=0.05 g, t=60
min.)

At high pH values (neutral and basic conditions), the
cationic dye molecules tend to transform into neutral
form, which weakens the electrostatic attraction and limits
the adsorption. A behavior that aligns with the Zeta
potential studies [26]. This emphasizes the importance of
pH optimization to obtain the best removal efficiency.

3.6. Effect of adsorbent dosage

The effect of MgO nanoparticles dosage when used to
remove methyl violet dye is represented in Fig. 8 as
follows:

The dosage range increased from 0.01 g/L to 0.06 g/L
with 0.01 g/L step, the efficiency kept increasing with the
increase of the adsorbent dosage starting from 66% at
0.01 g/L, until reaching the highest efficiency of 96% at
0.05 g/L.

The increase in the adsorbent dosage means that more
adsorbent is introduced to the solution, increasing the
available active binding sites on the MgO surface. With
more surface area and more functional groups available
for interaction, more dye molecules are going to be
effectively adsorbed [27].

An increased adsorbent-to-dye ratio reduces the
concentration of dye per unit mass of the adsorbent
making it more probable for the dye molecules to
encounter with active sites on the adsorbent [24].

However, at a certain point the increase in dosage may
not result an increase in the removal efficiency, due to
saturation effects, potential particle aggregation, and
overlapping active sites [25]. To investigate this an
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additional test was added to the set (0.06 g/L) giving a
percentage of approximately (97%). Further study of the
best dosage required for the best removal efficiency with
consideration of cost effectiveness and the dye
concentration in the aqueous solution should be made to
prevent the wastage of adsorbent material.

100 ~

95

90 4

85 4

80 4

75 4

70

Percentage of dye removal

65

60

T T T T T |
0 0.01 0.02 0.03 0.04 0.05 0.06
Adsorbent dosage (g/L)

Fig. 8. The effect of adsorbent dosage on the percentage
of methyl violet dye removal (Co=50 mg/L, t=60 min.,
pH=6, dosage=0.06 g/L)

3.7. Effect of temperature

The effect of temperature increase on the removal
efficiency of dye molecules is shown on Fig. 9. The
temperature was increased from 20 °C to 50 °C by a 10
°C step. The removal percentage decreased from ~ 96% at
20 °C to ~ 81% at 50°C, which indicates that the
adsorption process is exothermic. The dye molecules and
the adsorbent surface interacted most likely due to lower
temperatures. Chemisorption or electrostatic attraction
governed the process. When temperature increases,
kinetic energy of the dye molecules increases along with
interaction forces weakening so partial desorption
becomes possible.
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10 20 30 40 50

Temperature (K)
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Fig. 9. The effect of temperature variation on the
percentage of methyl violet dye removal (Co=50 mg/L,
t=60 min, pH=6, dosage=0.05g)

Efficiency of removal might well be further reduced at
high temperatures that could disrupt the structure of the
adsorbent or change the chemistry of the surface. This
trend underscores the sensitivity to the adsorption process

nature, and it presses the need for a thorough
thermodynamic study to quantify enthalpy (AH), Gibbs
free energy (AG), and entropy (AS) changes to investigate
the feasibility of adsorption under varying thermal
conditions whether being different climates or industrial
settings [23].

3.8. Adsorption isotherm insight

To evaluate and describe the equilibrium relationship
between the adsorbate concentration and the amount
adsorbed on the solid surface at a constant temperature,
adsorption isotherms are crucial. The isotherms provide
insight of the adsorbent capacity, surface properties, and
the mechanism of adsorption.

For this insight two commonly used models in
adsorption studies are going to be used and discussed, the
Langmuir and Freundlich isotherms.

a. Langmuir isotherm model

The Langmuir isotherm 1is wused to describe
homogeneous monolayer adsorption, where the surface is
uniform and the adsorption sites are finite.

The model is expressed as follows [23]:

qe = gqmax*KLxCe (4)

1+(Ce+KL)

Ce 1 Ce
q_e = (qmax*KL) + gqmax (5)
Where: q.: equilibrium adsorption capacity (mg/g); Ce.:
equilibrium concentration (mg/L); (Qma: maximum
adsorption capacity (mg/g); Ki: Langmuir constant
(L/mg).

From Langmuir linear plot (Cc/qe vs. Ce), in Fig. 10, the
slope is 0.012 with qmax is 83.3 mg/g. and KL is 1.2 L/mg
Resulting R? value of 0.9931, which means that this
system is an excellent fit with this model.

The experimental data showed a strong fit with this
model, with a high regression coefficient (R?) and a
maximum monolayer adsorption (qmax) of 83.3 mg/g, the
Langmuir constant (Kr) was determined to be 1.2 L/mg
which indicates high affinity between the MgO
nanoparticles surface and the methyl violet molecules
[24].The dimensionless separation factor (RL) then can be
calculated as follows:

RL=1/( + KL * C0) (6)

Using the calculated values and the initial
concentrations of the dye that were used in the study (10-
50 mg/L), RL values ranged between 0.016 and 0.077,
confirming the favorable adsorption.

b. Freundlich isotherm model
Freundlich model indicates heterogeneous adsorption

and molecules overlapping on a non-uniform surface.
The model is expressed as follows [16, 19]:
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()
®)

ge = KF * Cel/m
log qge = log KF + (1/n) *log Ce

Where: qe: equilibrium adsorption capacity (mg/g); Ce:
equilibrium concentration (mg/L); KF: Freundlich
adsorption coefficient (mg/g).

From the Freundlich linear plot, the slope (1/n) is -0.3,
indicating poor model fit, and R? less than 0.95, which
makes it less fit than the Langmuir model.

Fig. 11 and Table 1 demonstrates the results of both
isotherms, clearing how the data does not fit with the
Freundlich model which further confirms the mono-
layered adsorption [24].

1.2 -

1
0.8 -
0.6 -
0.4 -
0.2 -

0 T T T T 1

Ce/qe (L/g)

Ce (mg/L)

Fig. 10. Langmuir isotherm linear plot of the adsorption
of methyl violet dye

1.9 A *

Log Ce
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1.5 T
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Fig. 11. Freundlich isotherm linear plot of the adsorption
of methyl violet dye

Table 1. Isotherm model parameters values comparison

Isotherm

Model Parameter  Value Unit Interpretation
Langmuir qmax 833 mg/g Maximum monolgyer adsorption
capacity
Langmuir KL 12 Limg Stronger affinity 1nd}cates favorable
adsorption
Langmuir R? 0.9931 - Excellent fit to experimental data
. RL (Co = 0.077— .
Langmuir 10-50) 0016 Favorable adsorption (0 <RL < 1)
Freundlich KF _ B Not me'flnmgfgl dgg to model
inapplicability
Freundlich n 03 B Negative vglue - physically
invalid
Freundlich R? 0.92 — Weaker fit compared to Langmuir

3.9. Adsorption kinetic insight

For further study of the kinetic behavior of adsorption
process, the experimental results are being fitted into two

models to find the best fit that describes the process
properly (pseudo first order and pseudo second order).
The linearized version of the equations is used to find the
best fit and to properly describe each model.

a. Pseudo-first-order

The linearized equation for the Pseudo first order is [20,
23]:

k1

Log (4. — q:) = logq. — (5o)t &)
Where: q.: adsorption capacity at equilibrium (mg/g); q¢
adsorption capacity at time t (mg/g); ki: pseudo-first-order
rate constant (1/min); t: contact time (min).

With Co= 50 mg/l, V=0.1 L, M=0.05 g, Accordingly,
k1=0.0857 min', and R2~0.9583 which indicate
nonphysical qt predictions.

PFO equation suggests that the adsorption rate is
proportional to the number of unoccupied sites. Since the
data doesn't fit with the model, this indicates that the
process is not dominated by simple physical adsorption.
The fitted data is shown in Fig. 12.

25 A
23
= 1.5 - L 2
=
¢
= 41 *
g
0.5
0 T T T T L 4 |
0 10 20 30 40 50 60
Time (min)

Fig. 12. Linearized pseudo-first-order kinetic model for
the adsorption of methyl violet dye via MgO
nanoparticles

b. Pseudo second order

The linearized equation of the Pseudo-Second-Order is:

t/qr = (1/k202) + (t/9e) (10)
Where: q.: adsorption capacity at equilibrium (mg/g); q¢
adsorption capacity at time t (mg/g); ka: pseudo-second-
order rate constant (g/mg-min); t: contact time (min).

When applying the experimental results in the equation,
k, value is 1.8 * 10-* g/mg.min, this value results R?
~0.9968 which shows a great fit with this kinetic model
[29].

Pseudo second order assumes that the adsorption rate
depends on the square of the number of unoccupied sites,
which relates to the fact that the adsorption is controlled
by chemical bonding (chemisorption). The fitted date is
shown on Fig. 13.
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Fig. 13. Linearized pseudo-second-order kinetic model
for the adsorption of methyl violet dye via MgO
nanoparticles

4- Conclusion

MgO nanoparticles were synthesized through the
oxalate co-precipitation method within a few steps. The
XRD spectra established the presence of pure single-
crystalline face-centered cubic structure MgO when
calcinated at 700 °C, while SEM images described
porous, irregularly shaped particles having a diameter in
the range of 65-156 nm, and the AFM measurements
indicated that these aggregates are composed of much
smaller primary nanoparticles ranging from ~5 to 80 nm,
with an average size of 40 + 10 nm and a dominant peak
at 10 nm. Best adsorption conditions were 0.05 g of MgO
NPs, 50 mg/L methyl violet dye, pH 6, and contact time
of 60 minutes. The adsorption data were fitted
satisfactorily by the Langmuir isotherm model (R?
=0.9931) with gmax = 83.3 mg/g, and the kinetic study
satisfactorily modeled a pseudo-second-order model (R?
=0.9968), indicative of chemisorption as the rate-
controlling step. The results make MgO nanoparticles an
affordable, prospective adsorbent for the removal of
cationic dye from wastewater treatment. Aspects of
optimizing MgO synthesis and surface area should be the
initial focus for future studies, followed by experiments
on the reusability and regenerability of the nanoparticles,
adsorption of mixed dyes and actual industrial effluent,
and scaling up to continuous treatment systems.
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