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Malachite green removal from aqueous solutions by
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In this work, MgO.Se.Te nanocomposites was fabricated and applied as an inexpensive
and effective treatment for malachite green. The materials were characterized for
morphology, cryptography, surface area using different techniques. In addition, adsorption
tests have been performed as a function of contact time, pH, and initial dye concentration
to study their impact on the decolorization of malachite green via MgOSeTe
nanocomposite. The result verified nanocomposite formation with crystallite size 10.5 nm
and a relative surface area of 42.0525 m#/g. Meanwhile, the MgOSeTe nanocomposite was
employed for malachite green removal in an aquatic solution. The findings revealed that
the maximum adsorption capacity value was 30.67 mg/g. Furthermore, the adsorption was
found to follow the Freundlich isotherm models and follow the pseudo-second-order
kinetics.
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1. Introduction

Water contamination is one of the most significant challenges facing the world due to the
industrial revolution, human activities, population increase, and climate change [1]. There are
many environmental pollutants, such as pesticides, heavy metals, and organic compounds. Organic
and inorganic pigments are contaminants that can arise in wastewater due to industrial activities,
including coloring, cosmetics, and textiles [2-3]. The need for color utilization has grown over
1000 tons/year. About 15% of the dye residues resulting from industrial processes are released into
waste streams as liquid waste during the dyeing process [4-5]. In addition, most of the dyes used
are toxic, and some stains are recognized as highly harmful and carcinogenic to humans [6].
Malachite green (MG) is an organic dye extensively applied in textiles and pesticides in aquatic
environments. Moreover, MG is reported to be carcinogenic and poisonous even at a low
concentration of 1 mg/L[7]. Therefore, it is imperative to treat water contaminated with dyes.
Different processing such as biological, oxidation, and filtration is employed to eliminate stains
from polluted water [8].

Various technology such as coagulation, ion exchange, and heat treatment have been
investigated for dye treatment in wastewater. Among those technologies, adsorption is considered
one of the best methods for treating wastewater due to its high performance, ease of operation, and
cheapest [9]. Furthermore, adsorption is one of the most effective methods for removing dyes
from polluted water, for example, zeolite, silica, and metal oxides, because of most industrial dyes'
chemical and biological stability [10-11]. Recently, nano oxide materials, e.g., TiO2, Al 203,
Zr02, Zn0, NiO, and SiO2, have significantly focused on environmental remediation due to their
exceptional feature [12-13]. MnO has been comprehensively examined for the contaminants
treatment [14]. Numerous investigations have mainly focused on using MnO nanoparticles in dye
removal; however, it is rarely used as a nanocomposite [15]. There is a wide range of
nanocomposite materials intended for environmental remediation due to their distinctive and
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unique characteristics [16]. In this article, using heat treatment, MgOSeTe nanocomposite was
fabricated and utilized as fast-absorbing materials to eliminate malachite green in the aquatic
phase.

2. Materials and method

2.1. Production of MgO.Se.Te nanopowder

MgCO3 was purchased from Sigma Aldrich and employed as a precursor to achieving
MgO nanoparticles. First, a suitable weight of MgCO3 was put into a ceramic crucible inside the
oven under ambient circumstances for thermal decomposition at 700 oC for 6 hours; afterward, the
MgO nanoparticle was taken. Next, 1.5g of MgO nanopowder, and 0.125 g of Se powder, and
0.125g of Te powder were put together in a mortar and mixed well to obtain a composite
of MgOqsess). Se(796). T€(756)-

2.2. Characterization of MgO nanopowder

The crystal structure, morphology, surface area and chemical bonding of MgO.Se.Te
compesite  were characterized by X-ray diffraction (XRD), scanning electron microscopy, N2
adsorption-desorption isotherms respectively.

2.3. Adsorption equilibrium test

The stock solution of MG dye(500 ppm) was made using purified water and kept in the
dark place at 25 C. First; the adsorption equilibrium was accomplished in a 50 ml
measuring flask comprising 0.07 g of MgOSeTe nanocomposite. Afterward,18 ml of MG at
different concentrations of 50 to 500 ppm was added to 0.07 g of MgOSeTe and then stirred with
the assist of a shaker (250 rpm) for 30 minutes and keeping the pH constant. Next, the beaker's
contents were isolated using filter paper (3000 rpm). After the test finished, the solution was
extracted from the adsorbent wusing filter paper and measured using the UV -
Vis spectrophotometer. Finally, the volume of MG adsorbed by an adsorbent at a time ) gt) was
estimated using equation(1).

_V(C,-GC))
m

ot )

where, g, (mg g™) is mass of dye adsorbed by a unit mass of nanopowder m(g) at time t (min), V is
the solution volume (L), C, concentration of the dye initially preset and C; is that at t time in (mg
L"). On the other hand, the removal percentage (%)of the dye by adsorption at time(t) can be
calculated by formula (2) [17].

(Co _Ct)

0

removal(%) = x100 )

2.4. Adsorption kinetic test

A mix of MgOSeTe 0.07 g and (18ml) of MG in 50ml beakers with the assist of a shaker
(250 rpm) was employed for the kinetic study. The solution was separated from the adsorbent by
filter paper at a different time, 10-60 min, and estimated via the UV -Vis spectrophotometer. The
guantity of MG adsorbed by an adsorbent at equilibrium (qe) was calculated by the formula (3)
[18].

At equilibrium, an analogous formula is employed to find out the mass adsorbed g:

q, :V(CO _Ce) (3)

m
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2.5. Adsorption isotherm theory
In this experiment, Freundlich and Langmuir's isotherm was used to compute the
absorption capacity of sorbents.

&:ice-i-

qe qm qm'KL

Langmuir (linear equation) (4)

1
Ing, = Hlnce +In K¢ Freundlich linear (equation) (5)

Ce = the equilibrium concentration of adsorbate (mg/L-1) ge = the amount of dye
adsorbed per gram of the adsorbent at equilibrium (mg/g), gm = maximum monolayer coverage
capacity (mg/g) KL = Langmuir isotherm constant (L/mg). gm and KL represent the slope and
intercept of Ce/ge versus Ce plotting. While, k and n of Freundlich formula is obtained of the In ge
against In Ce chart. KF and n of the Freundlich model are connected with the adsorptive bond
strength and distribution, respectively. To agree with experimental data and kinetic models, the
correlation coefficient (R2) value was applied. Equation (6) represents a pseudo-first-order model
having a rate constant k1 (I.min-1) [19]. From the slope and intercept of In (ge — qt) versus t plot,
k1 and ge can respectively be evaluated.

In(g, —q,)=In(q,)—k,.t (6)

A pseudo-second-order is modeled by equation (7),where k,denotes the rate constant (g
(mg.min"). Using of t/g; against t grapH, g. and k; are correspondingly obtained from the slope and
intercept.

1.t
6 k.0 o, )

3. Result and discussion

3.1. Crystal structure of MgOSeTe

The crystalline structure of the MgO nanocomposite was investigated using X-ray
Diffractometer (XRD). The pattern of XRD shows numerous peaks at 26 = 36.8°, 42.8°, 62.3°,
74.5° and 78.3° corresponding to the (111), (200), (220), (311) and (222) planes of MgO
nanoparticle in agreement with the JCPDS card No. 36-1451. Moreover, new peaks at 20 = 27.5°
and 30.1° corresponding to (101) planes of Te and Se in agreement with (COD-9008579) and
JCPDS no0 86 -2268) respectively. The top peak area (20) of MgO nanocomposite was recorded
at 42.8°. Hence, the diffraction peaks can be listed to the face-centered cubic structure of MgO, as
shown in fig (1). The expanded lines in the XRD pattern indicated nanoparticles size in the
samples. Since the XRD pattern achieves the average crystallite size using Debye - Scherer’s
equation(8) [20].

D 0.94
[coséd

(8)

where: D, A, f and O are the crystallite size, wavelength of the X-ray source (Cu K,), full width at
half-maximum (FWHM) and Braggs’ diffraction angle respectively [25]. From the equation the
the average crystallite size was found to be (10.25 nm).
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Fig. 1. XRD pattern of MgOSeTe nanocomposite

3.2. Morphology study of MgOSeTe

The morphological investigation of MgOSeTe nanocomposite at various magnifications is
illustrated in Fig (2). The images exhibit that MgOSeTe nanocomposite have undifferentiated
forms. Generally, the shape of MgOSeTe nanocomposite looks more like cotton flowers.
Elemental (EDEX) analysis shows the configuration of MgOSeTe as provided via the elemental
ratios.

Fig. 2: Morphological images of MgOSeTe nanocomposite.

3.3. Nitrogen Adsorption Study

Nitrogen adsorption-desorption isotherms and the pore size distribution of the MgOSeTe
nanocomposite are presented in fig (3). The isotherms demonstrate a type IV with H2 hysteresis
loops, which is a feature of mesoporous materials. The summary report of nitrogen adsorption data
for MgOSeTe is given in Table 1.
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Fig.3. (a) Nitrogen adsorption-desorption isotherms: (b)pore size distribution of the

MgOSeTe nanocomposites

Table 1. Summary report of BET surface area analysis of MO (gs o6) S€(706) T€(7 06).

Surface Area

Single point surface area at p/p°® = 0.298949197:

41.0078 m3/g

BET Surface Area:

42.0525 m3/g

BJH Adsorption cumulative surface area of pores between 17.00 nm and 3,000.00 nm 46.266 m#/
width:
Pore Volume

BJH Desorption cumulative surface area of pores between 17.00 nm and 3,000.00 nm 0.265644 cm3/g
width:

BJH Desorption cumulative volume of pores between 17.00 nm and 3,000.00 nm width: 0.298763 cmd/g

Pore Size

BJH Adsorption average pore width (4V/A): 22.9665 nm
BJH Desorption average pore width (4V/A): 16.5065 nm
D-H Adsorption average pore width (4V/A): 23.3146 nm
D-H Desorption average pore width (4V/A): 16.3295 nm

3.4. Effect of initial dye concentration

Figure (4) exhibits the removal magnitude of MG dye via MgOSeTe nanopowder in an
aqueous solution. From the figure, it can be observed that when the concentration increases, the
removal rises too. The reason might be attributed to an increase in the driving force of the
concentration gradient with the rise in the initial MG concentration [21]. As a result, the highest
removal magnitude recorded was 99.98 %, and the lowest was 99.96 %. This means that the

MgOSeTe nanocomposite has distinct properties in MG removal.
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Fig. 4. Effect of initial dye concentration on removal efficiency.
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3.5. Effect of contact time

Figure (5) demonstrates the dye removal magnitude versus contact times. The tests were
conducted at several times (5, 10, 15, 20, 25, 30). The result showed that the removal of MG
increases with time increase. Approximately 96 % of dye removal happened nearby 10 min. This
is due to the availability of many active sites on the surface of the MgOSeTe nanocomposite [22].
The Adsorption equilibrium of the experiments was achieved in 20 min; at this point 96 % of the
dye was removed. Thus, the fast time to remove the stain from water is 10 min.
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Fig. 5 Effect of contact time on removal efficiency.

3.6. Effect of pH on removal efficiency

Figure (6) displays the percentage removal of G dye through MgOSeTe nanocomposite in
different pH (1,3,5,7,9,11). The test was done at 200-ppm MG dye with (0.071 g) of MgOSeTe for
a 30 min equilibrium time. From the figure, it is seen that removal of dye increase with PH
increases. This is due to the electrical attraction between the two surfaces of the negatively
charged absorbent material and the positively charged dye molecules [23].
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Fig. 6. Effect of pH on removal efficiency.

3.7. Adsorption isotherm

In this work, Langmuir and Freundlich isotherms have been implemented. Figures 7 and 8
display the linearized Langmuir adsorption and Freundlich isotherms for dye elimination by
MgOSeTe nanocomposite. The Langmuir isotherms factors were estimated applying the least-
squares method Table (2) shows the Langmuir and Freundlich isotherms factors for dye adsorption
by MgOSeTe nanocomposite. From table (1), the Langmuir isotherm constant reported the value
of (gm) was determined to be 30.67 mg/g. Furthermore, the Langmuir isotherm constant can be

described by the equilibrium factor (separation factor RL), a constant without dimensions as
depicted in formula 9[24].
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If the value of RL ranged from 0 and 1, this indicates that the adsorption is suitable for all
the initial dye concentrations. Furthermore, the value of the Freundlich isotherm constant (n)
means the adsorption intensity, and the value of n was between 1 and 10; this confirms the
favorable condition for the adsorption. The two models explain the correlation coefficient (R2).
From the obtained values of (R2), the adsorption followed the Freundlich isotherms R2 (0.9739).
Although, various sorbents have been employed for MG dye elimination from the water system.
Nevertheless, the MgOSeTe nanocomposite applied in this investigation have unigue absorption
capacity compared with other published adsorbents, as shown in table (4).

Table 2. Adsorption equilibrium constants for the dye removal by MgOSeTe nanocomposite.

Fig. 7. Plot of linearized Langmuir adsorption isotherm.

Fig. 8.Plot of linearized Freundlich adsorption isotherm.
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Table 3. Comparison between the values of the adsorption capacity of MgOSeTe nanocomposite
with other reported adsorbents.

Adsorbent Adsorption capacity (mg/g) | Reference
ZnO/brick grain particles 35 [25]
Activated carbon 27.78 [26]
Commercial activated carbon | 36.46 [27]
Commercial ZnO 29.6 [28]

MgO nanopowder 30.67 Current study

3.8. Adsorption kinetics

The kinetics of MG dye adsorption via MgOSeTe nanocomposite was investigated
concerning various initial concentration. For estimating the Pseudo first order, the pseudo second
order, were employed to fit the experimental data by using the linear regression analysis method.
The parameters of this model are gathered in Table (4). High correlation coefficient magnitudes
(R2) indicate the suitability of the order of kinetic model. Figure (9) shows the pseudo-first-order
kinetic model and figure (10) presents the pseudo-second-order kinetic model for MG dye removal
by MgO nanopowder at room temperature. From the figures, the correlation coefficient (R2) is
high for the pseudo-second-order kinetic model than pseudo-first-order kinetic model. Therefore,
the adsorption of MG dye via MgO nanopowder is obey the pseudo-second-order kinetic model.
From the kinetic data information, the (qg.) value computed from the pseudo-first-order is less than
the experimental value. Nevertheless, the calculated (g.) value from the pseudo-second-order are

almost closed to the experimental value

Table 4. Kinetic parameters for the dye adsorption by MgOSeTe nanocomposite.

First-order Second-order
a
qm(eXp) k1X 102 Qm(cal)b r2 k2 qm(cal)b r2
(mg.gh) (Lg)  (mgg) (mg.g™. L.g") (mg.g™)
58 0.164 16 0.987 0.0634 59.78 0.999

Fig. 9. Pseudo-first-order kinetic model for MG dye removal by MgOSeTe nanocomposite.
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Fig. 10. Pseudo-second-order kinetic model for MG dye removal by MgOSeTe nanocomposite.

4. Conclusion

In summary, it can be concluded that the pyrolysis method is a good and easy way to
produce MgOSeTe nanocomposite. The investigation has shown that MgOSeTe nanocomposite is
powerful sorbent for malachite green remediation in water. The maximum capacity of MgOSeTe
nanocomposite was 30.67 mg/g. Moreover, the adsorption of MG gin water through MgOSeTe
nanocomposite is followed the pseudo-second-order kinetic model.
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