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Nanospherical and plate-like magnesium oxide has been successfully synthesized by urea precipitation method for the first time. A
magnesium oxide precursor was prepared by heating MgCl2 solution with urea for 12 hours at 90°C. Then the calcined precursor
was analysed by Scanning electron microscopy (SEM), X-ray diffraction (XRD), Fourier transform infrared (FT-IR) spectroscopy,
thermogravimetric analysis (TGA), and high-resolution transmission electron microscopy (HR-TEM). In the presence of the
nonionic surfactant Triton X-100 in the system, the reaction yielded in nanospheres of MgO contrast to the plate-like MgO in
the absence of the surfactant. The precursor and the calcined product appeared in similar morphologies under SEM in both
cases with a slight reduction of size upon calcination. The final product was confirmed as MgO using XRD and FT-IR
spectroscopic methods. In TGA, both samples showed similar mass loss values upon elimination of adsorbed water molecules
and decomposition of the precursor into MgO; however, the nanospherical MgO sample showed an additional weight loss due
to elimination of the associated surfactant molecules. The efficiency of removing reactive dye wastes was quantified by UV-
visible spectroscopy using reactive yellow dye. Plate-like MgO showed a porous structure under HR-TEM analysis in the dye
adsorption study, and both plate-like and nanospherical MgO showed good dye adsorption capability. MgO nanospheres
showed higher capacity of dye adsorption compared to plate-like MgO, explained by its higher surface are-to-volume ratio,
while the plate-like MgO also performed well due to having a nanoporous structure. These nanomaterials will offer high
potential in purifying waste water and as well in recovering expensive dye products.

1. Introduction

Access to potable water is becoming a luxury due to exploita-
tion of the limited amount of freshwater in Earth’s freshwater
reserves [1, 2]. Among all the major contributors to water
pollution, industrial wastewater serves a major role towards
the crisis by adding complex organic molecules which has
the potential to be toxic to all ecosystems, including human
[1–3]. With the growing demand for the fashionable and
advanced textile products around the globe, it has become
an inevitable fact that various forms of industrial dyes are
being used in apparels industry. Until 1850, all important
colours were obtained by natural dyes and after Perkin’s
invention synthetic dye substituted their role. Present statis-
tics related to colour index states that there are approxi-

mately 10000 types of being manufactured with more than
700000 tons of annual production [4]. Reactive dyes are
one of the most widespread dyes used in colouring textiles
because they offer greater stability and durability in contrast
to other dyes by making covalent bonds between dye mole-
cules and the cellulose or protein fibers [5–8].

Escalating consumer demands followed by rapid indus-
trial growth versus the global water crisis lead to a real-
world conundrum which leads research on water purification
to be timely and urgent. Thus, a solution from a biocompat-
ible, nontoxic, inexpensive, and readily available product
becomes a worth focus. In the last few years, numerous
removal methods have been introduced: physical methods
such as adsorption, coagulation-flocculation, and membrane
filtration and chemical methods such as ion exchange,
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chemical precipitation, oxidation, and catalytic degradation
as well as chemical methods such as biological degradation
account for treatment methods [9, 10]. Due to high stability
towards light, heat and oxidizing agent dyes are resistant to
degradation [11]. Among these methods, adsorption is con-
sidered the most efficient due to its simplicity and economi-
cal ease.

Magnesium oxide (MgO) or magnesia is an inorganic
metal oxide material, available in its natural form as periclase
as well as a synthetic chemical product. Natural MgO, peri-
clase, is mainly used as a refractory material due to its high
thermal and chemical stability even at very high tempera-
tures [9, 10]. Magnesium is found in seawater as MgCl2, as
the second most abundant chloride, next to sodium chloride
[12]. Large quantities of magnesium chloride are extracted
from seawater, where it serves as the starting material for
many of the magnesium compounds. Magnesium oxide
nanoparticles (MgO-Nps) are synthesized by various
methods such as sol gel method [13–15], sonochemical
methods [16], microwave methods [17, 18], biosynthetic
methods [19], laser ablation [20], and precursor methods
[20–22]. MgO-Nps are used in a broad range of applications
such as for carbon monoxide and sulfur dioxide adsorption
[23–25], dye adsorption and degradation [5, 26–29], heavy
metal removal [30], and photocatalysis [31, 32].

This study focuses on a novel and facile approach which
is also easily upscalable to produce larger quantities of spher-
ical magnesium dioxide nanoparticles of narrow particle size
distribution and plate-like magnesium dioxide with fine
nanoporous structure, using the readily available magnesium
chloride as the magnesium source. The simplicity and the
upscalability of this process, use of a readily available magne-
sium compound as the magnesium source, and use of inex-
pensive and nontoxic chemicals for the synthesis of
nanospherical and plate-like nanoporous magnesium oxide
morphologies with the high-quality controllability make this
novel approach a distinct process with a higher commercial
viability. Further, reduction efficiency for commercially
available Remazol yellow 3RS by synthesized MgO-Nps is
studied.

2. Materials and Methods

2.1. Materials. Urea (99% purity), anhydrous magnesium
chloride (99.5% purity), and Triton X-100 (99% purity) sur-
factant were purchased from Sigma-Aldrich. Remazol yellow
3RS (reactive yellow) (Figure 1) textile dye was kindly
donated by Textured Jersey Pvt. Ltd., Sri Lanka. The dye
was used without further purification.

2.2. Synthesis of Plate-Like MgO. 100mL of 1M urea solution
was added into 100mL of 1MMgCl2 solution in a round bot-
tomed flask equipped with refluxing condenser while stir-
ring. The mixture was heated at 90°C for 12 h with
continuous stirring. The precipitated precursor was washed
with 50mL of distilled water for 3 times and was dried at
120°C for 2 h. The precursor particles were then calcined at
520°C for 3 h to produce MgO particles.

2.3. Synthesis of Nanospherical MgO. 100mL of 1M urea
solution was added into 100mL of 1M MgCl2 solution in a
round bottomed flask equipped with refluxing condenser
while stirring. 0.2mL of Triton X-100 was added to the mix-
ture and stirred until the formation of Triton X-100 micelles.
The mixture was heated at 90°C for 12 h to obtain precipi-
tated precursor particles. The precursor particles were sepa-
rated out by centrifuging, washed with distilled water for 3
times, and dried in an oven at 120°C for 2 h. The dried pre-
cursor particles were calcined at 520°C for 3 h to synthesize
MgO nanoparticles.

2.4. Characterization of Synthesized Materials

2.4.1. Morphological Analysis. The morphologies of precur-
sors, synthesized MgO, and RY-adsorbed MgO samples were
observed with the aid of Hitachi SU6600 field-emission scan-
ning electron microscope (FE-SEM) with an acceleration
voltage of 15 kV. Samples were well coated with a gold
thin-film before the analysis.

2.4.2. X-Ray Diffraction Studies. Crystalline phases of prod-
ucts and precursors were characterized using X-ray diffrac-
tion (XRD) with the aid of Bruker, Focus D8 X-ray
diffractometer (CuKα radiation wavelength, λ = 0:1540562
nm and scanning rate of 1mn-1). The average crystallite size
of MgO products was calculated using the Debye-Scherrer
equation to the major XRD peak of MgO, as given in Equa-
tion (1).

D = 0:89λ
β cos θ , ð1Þ

where λ is the X-ray wavelength of the CuKα radiation
(λ = 1:54Å), β is the full width at half maximum of the
XRD major peak, and θ is the angle of diffraction.

2.4.3. Fourier Transform Infrared Spectroscopy. Fourier trans-
form infrared (FT-IR) spectroscopy was used to study
adsorption and bonding nature of RY on synthesized MgO
samples. The FT-IR spectra of samples were recorded on
the Bruker Vertex 80 instrument within wavenumber range
500–4000 cm−1 with 32 scans per measurement at 0.4 cm−1

resolution.

2.4.4. Thermal Characteristics of Precursors. Thermal decom-
position of precursors was analysed using thermogravimetric
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Figure 1: Remazol yellow 3RS (reactive yellow) dye molecule.
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analysis (TGA) (STD Q600). The samples were heated from
25 to 800°C at a heating rate of 15°C/min in nitrogen
environment.

2.4.5. Analysis of Porosity of MgO Products. Pores of plate-
like MgO particles was observed using the Jeol 2100 high-
resolution transmission electron microscope (HR-TEM).

2.4.6. Dye Adsorption Studies. RY dye solutions of different
concentrations (100, 200, 400, 600, 800, and 1000 ppm) were
prepared by dissolving RY in deionized water. 0.005 g of syn-
thesized MgO particles was added into 10mL of each dye
solution. The mixture was well shaken and kept for equilib-
rium for 30min. The precipitated dye-adsorbed MgO parti-
cles were separated out from the solution by decantation.
The final dye concentrations of supernatants were analysed
using UV-vis spectrophotometer (Shimadzu UV-3600) at λ
max of the RY at 416nm. The equilibrium dye adsorption
capacity (Qe) of the prepared MgO samples was calculated
with the Equation (2).

Qe =
C0 − Ceð Þ

m
, ð2Þ

where, C0 is the initial concentration, Ce is equilibrium con-
centration after adsorption of RY, V is volume of the dye
solution, and m is the mass of the MgO adsorbent.

Interactions between adsorbate molecules and adsorbent
surface were studied using most widely used the Langmuir
isotherm and Freundlich isotherm. The Langmuir adsorp-
tion isotherm can be expressed as that in Equation (3).

Ce

Qe
= 1
KLQm

+ 1
Qm

Ce, ð3Þ

where Qm is the theoretical maximum monolayer sorption
capacity and KL is a coefficient on energy of sorption. Qm
and KL were calculated by drawing a plot between Ce/Qe
and Ce. The Langmuir adsorption isotherm assumes that
adsorption occurs at specific homogeneous sites of the adsor-
bent, and once the dye molecule occupies a site, there is no
additional adsorption that could take place there which
means monolayer sorption is assumed in the Langmuir iso-
therm. Multilayer adsorption is predicted by the Freundlich
adsorption isotherm which is expressed as that in Equation
(4).

lnQe = lnKF +
1
n
lnCe, ð4Þ

where n is a heterogeneous factor and KF is a constant show-
ing degree of adsorption. These constants were calculated by
drawing a graph between ln Qe vs. ln Ce.

Desorption study was carried out by dispersing 0.01 g of
each RY-adsorbed MgO product into 10mL of doubly dis-
tilled water followed by shaking. The supernatant was col-
lected and analysed using the UV-vis spectrometer. RY-
adsorbed MgO particles were characterized using FT-IR,
XRD, and SEM to understand the adsorption mechanism.

3. Results and Discussion

3.1. Characterization of Precursors and MgO Products. SEM
images as depicted in Figures 2(a) and 2(b) show that the pre-
cursor and MgO product prepared in the absence of Triton
X-100 surfactant are in plate-like morphology, respectively.
The precursor and MgO particles prepared in the presence
of the surfactant are of spherical morphology as observed in
Figures 2(c) and 2(d), respectively. The particle size distribu-
tion of spherical precursor and spherical MgO is shown in
Figures 2(e) and 2(f), respectively. The highest particle size
distribution of spherical precursor is obtained in the range
of 41-60 nm. The highest particle size distribution of spheri-
cal MgO nanoparticles is in the range of 61-80 nm. The par-
ticle size of spherical MgO has been increased due to the
particle aggregation at the calcination stage. However, spher-
ical MgO nanoparticles are distributed in narrow size range
compared to their precursor particles. Moreover, the trans-
mission electron microscopic images in Figures 2(g) and
2(h) depict the nanopores of 5-10nm range in plate-like
MgO created during the calcination stage of the precursor.

XRD patterns of precursors and MgO materials are
shown in Figure 3. Similar XRD patterns have been obtained
for both precursors. These patterns are composed of peaks at
2θ values of 13.78°, 15.34°, 19.85°, 21.05°, 23.33°, 25.50°,
26.95°, 30.74°, 33.3.3°, 35.82°, 38.30°, 39.08°, 41.05°, 41.98°,
45.51°, 47.12°, 52.61°, and 56.71°.These peaks are matched
with the standard XRD pattern of hydromagnesite
[Mg4(OH)2(CO3)3.3H2O] crystalline form with hexagonal
lattice structure (JCPDS no. 08-0179).

During the synthesis procedure, urea has been hydro-
lysed into ammonium hydroxide and carbonate ions. These
hydroxyl and carbonate ions have been reacted with Mg2+

ions in the reaction medium to form hydromagnesite precur-
sors. According to the Debye-Scherrer formula which is
applied to the major XRD peak of precursor particles at
(111) plane, crystallite sizes of precursor in the absence and
presence of Triton X-100 are 43 nm and 27nm, respectively.
XRD patterns of final products obtained after calcination of
precursors at 520°C are composed of peaks at 2θ values of
36.78°, 42.73°, and 62.17°. These peaks can be assigned to
the standard XRD pattern of the periclase crystalline form
of MgO with cubic lattice structure (JCPDS Card No. 75-
1525). As calculated using the Debye-Scherrer formula which
is applied to the major XRD peak at (200) plane, crystallite
sizes of MgO products obtained from precursors in the pres-
ence and in the absence of Triton 4X-100 are 27 nm and
23nm, respectively.

Figure 4 shows the FT-IR spectra of synthesized MgO
products. FT-IR spectra further confirm the presence of
MgO in the final products. The high intensity major IR
absorption band of both spectra at 545 cm-1 corresponds to
the Mg–O stretching vibration. The absorption band located
at 3680 cm-1 and low-intensity band at 1610 cm-1 correspond
to the O–H stretching and bending vibrations, respectively.
These bands occur due to the surface-adsorbed water mole-
cules of MgO particles. Another intensity band at 1037 cm-1

is found in FT-IR spectra which could be assigned to H- ions
on the surface of MgO particles. Surface-adsorbed CO32-

3Journal of Nanomaterials



SU6600 15.0 kV 10.3 mm  10.0 k SE 5.00 𝜇m

(a)

5.00 𝜇mSU6600 15.0 kV 10.2 mm  10.0 k SE

(b)

SU6600 14.0 kV 10.2 mm  60.0 k SE 500 nm

(c)

500 nmSU6600 15.0 kV 10.2 mm  60.0 k SE

(d)

20

30

40

50

Fr
eq

ue
nc

y

60

10

20-40
0

41-60 61-80
Particle diameter range (nm)

81-100

(e)

20

30

40

50

Fr
eq

ue
nc

y

60

10

20–40
0

41–60 61–80

Particle diameter range (nm)

81–100 101–120

(f)

50 nm

(g)

20 nm

(h)

Figure 2: SEM images of (a) precursor in the absence of Triton X-100, (b) MgO prepared in the absence of Triton X-100, (c) precursor in the
presence of Triton X-100, and (d) MgO prepared in the presence of Triton X-100, and particle size distribution of (e) precursor in the
presence of Triton X-100 and (f) MgO nanospheres and (g), (h) TEM images of plate-like MgO.
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ions of MgO particles are identified using the band at
1410 cm-1. However, both water molecules and carbonate
ions are found to be very low amounts as these bands have
low intensity.

TGA plots of precursor particles are shown in Figure 5.
The precursor particles of spherical MgO nanoparticles show
a weight loss of 26% at the temperature 110°C which is due to
the elimination of adsorbed water molecules. The weight loss
of 16% at the temperature that ranges 215-272°C could be
occurred due to the thermal degradation of associated surfac-
tant molecules. The weight loss is 34% for spherical precur-
sors at the temperature range 372-398°C. This weight loss is
attributed to the thermal decomposition of Mg4(OH)2(-

CO3)3.3H2O into MgO, CO2, and H2O. Similar sort of
weight loss values are observed excluding the weight loss
due to the degradation of surfactant in precursor of plate-
like MgO with slightly different temperature ranges. These
weight loss values of 6% and 36% have been obtained at tem-
peratures of 224°C and 363-398°C, respectively. The elimina-
tion of CO2 and H2O from the precursor plates has led to
nanopores which has made MgO products a great adsorption
capacity.

3.2. Reactive Yellow Dye Adsorption Studies. UV-vis spectra
of remaining RY dye concentrates after being adsorption by
MgO products are given in Figures 6 and 7. Adsorption per-
centages of RY concentrations of 100, 200, 400, 600, 800, and
1000 ppm onto 0.005 g of nanospherical MgO are 100%, 95%,
77%, 64%, 57%, and 52%, respectively. At the same time,
adsorption percentages of RY concentrations of 100, 200,
400, 600, 800, and 1000 ppm onto 0.005 g of plate-like MgO
are 98%, 70%, 78%, 70%, 66%, and 53%, respectively. The
photograph of the initial 400 ppm dye solution and the solu-
tion after the adsorption by nanospherical MgO is shown in
Figure S1. Required plots for the evaluation of the
adsorption isotherms are given in Figure S2 and Figure S3.
Particular parameters of adsorption isotherms are given in
Table 1.

Adsorption data are fitted to both the Langmuir and
Freundlich isotherm models. However, the adsorption of
RY in both MgO morphologies is a better fit to the Freun-
dlich isotherm since the correlation coefficient (R2) of the
Freundlich isotherm is greater than that of the Langmuir iso-
therm. That means the adsorption of RY on to MgO particles
follows a multilayer adsorption. The maximum adsorption
capacity (Qm) is found to be for plate-like MgO. However,
there is no significant difference between values of maximum
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Figure 3: XRD pattern of (a) precursor in the absence of Triton X-100, (b) precursor in the presence of Triton X-100, (c) MgO prepared in the
absence of Triton X-100, and (d) MgO.

Tr
an

sm
itt

an
ce

 (%
)

16
10

14
10

10
37

54
5

36
80

4000 3500

(a)

(b)

3000 2500 2000

Wavenumber (cm−1)

1500 1000 500

Figure 4: FT-IR spectra of (a) spherical MgO nanoparticles and (b)
plate-like MgO.

5Journal of Nanomaterials



adsorption capacities of nanospherical and plate-like MgO
adsorbents. This data confirms that the adsorption perfor-
mance of both morphologies is similar, and the key factor
on adsorption performance of MgO is porosity and pore
sizes.

3.3. Adsorption Kinetics. The kinetics of RY adsorption onto
both nanospherical and plate-like MgO are fitted to the first-
order kinetics as given by following Equation (5).

ln Qe

Qt

� �
= kt, ð5Þ

where t is time and k is the rate constant.

The plots drawn between ln ðQe/QtÞ and t is shown in
Figure 8. The rate constant, half-life time (t1/2), and linear
correlation of RY adsorption of nanospherical MgO are

100

80

60

40

W
ei

gh
t (

%
)

100

80

60

40

20

Temperature ( C)

(a)

700600500400300200100

(b)

Figure 5: TGA plots of (a) spherical MgO nanoparticles and (b)
plate-like MgO.
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being adsorbed by plate-like MgO.
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Table 1: Adsorption isotherms.

MgO material
Langmuir
isotherm

Freundlich
isotherm

Qm KL R2 KF n R2

Nanospherical MgO 495.05 0.00910 0.978 81.52 3.92 0.986

Plate-like MgO 507.61 0.01187 0.979 31.34 2.17 0.984
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Figure 8: First-order kinetics plots on adsorption of RY on to MgO
particles.
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0.00173min-1, 400.66min, and 0.9821, respectively, while the
same parameters for the RY adsorption of plate-like MgO are
0.00114min-1, 608.02min, and 0.9935, respectively.

3.4. Desorption Study. The UV-vis spectra of desorption for
plate-like MgO and nanospherical MgO are given in
Figure S4. The desorption amounts of RY dye from the
adsorbates of plate-like MgO and nanospherical MgO into
distilled water are 13.1 ppm and 14.5 ppm, respectively.
That means the percentage desorption of RY from plate-
like MgO and nanospherical MgO adsorbates is 1.31% and
1.45%, respectively. The remaining RY could be recovered
by digesting the RY-adsorbed MgO particles in a suitable
diluted strong acid.

3.5. Evaluation of Adsorption Mechanism. The characteriza-
tion of data of RY-adsorbed MgO products is very important
in understanding the adsorption mechanisms of MgO adsor-
bates. XRD patterns of RY-adsorbed particles as shown in
Figure S5 reveal that MgO has been converted into a
brucite crystalline form of Mg(OH)2. The adsorption
process of the dye molecule onto the MgO surface goes
through a physical attraction which could be both H
bonding and electrostatic attraction with the surface. pH of
the zero point of charge (pHZPC) of MgO is 12.1~12.5 [33].
This is favorable for the adsorption of anions onto the
positively charged surface due to electrostatic attraction.
Reactive dyes are anionic dyes which have negative
sulfonate groups. The MgO surface is positively charged
during the experimental conditions (pH = 8), and therefore,

the Vander walls interaction occurs between the dye
molecule and MgO surface. Also, great adsorption occurs
through the O-contained functional groups in MgO surface
which act as the anchoring sites for RY molecules. There,
strong H bonds occur between H atom in the –OH group
in the MgO surface and O atom in the S=O group in the
RY. Also, H bonding occurs through O atom in the –OH
group in the MgO surface and N atoms in the –N=N group
in RY [27].

Reactive dyes are hydrophilic dyes. When considering
the effect of water composition on the dye adsorption mech-
anism, mainly, we have to consider the hydration process of
the MgO-NP surface, which is the formation of Mg(OH)2.
It follows three steps, first, adsorption of water at the surface
and simultaneous diffusion of water molecules into inside of
porous MgO particles. Then, dissolution of oxide within
these particles occurs and leads to changing porosity with
time. Finally, supersaturation, nucleation, and growth of
Mg(OH)2 on the surface MgO occurs. Formation of
Mg(OH)2 layer on the surface of MgO makes an additional
resistance which limits the further continuation of the hydra-
tion process. Formed Mg(OH)2 also acts as an adsorbent for
removal of dye. There are few reports on Mg(OH)2 as an
adsorbent [34, 35]. Also, it makes the strong H bond with
dye molecules which leads to a strong adsorption. This is a
positive impact on adsorption process.

3.6. Durability and Reusability of MgO-NPs. Durability and
reusability of MgO-NPs are important parameters in
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Table 2: Comparison of adsorption capacities of MgO-NPs synthesized by different method for various types of dyes.

Method Particle size/nm Dye Qm/mg g-1 Reference

Sol-gel 38
Bromophenol blue 40

[39]
Fast Orange 3R 30

Green ~10 Congo red 2375 [40]

Hydrothermal 10-20

Methyl orange 370

[41]Sudan III 180

Congo red 471-588

Coprecipitation 19
Reactive black 5 500

[42]
Reactive Orange 122 333.4

Facile 8.19 Congo red 5000 [43]

Urea assisted
27

Remazol yellow
495

This wok
23 507
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applications. Both parameters were examined by comparing
dye degradation efficiency for both materials. Reusability
was examined for a 3-week time duration with one-week
time interval. The regenerate data were observed for the first
two weeks which are 98% and 97%, respectively. At the end
of the 3rd week, the reduction efficiency was 83%. Reusability
was examined by continuing 4 recycling times. Regenerated
results were obtained for first 3 trials while there was a slight
reduction (80%) in adsorption efficiency. This observation
(Figure 9) might be due to the aggregation of MgO particles
which leads to the reduction in active sites.

MgO-NPs show different properties depending on syn-
thesis methods, i.e., they depend on the calcination tempera-
ture and precursor material [36]. The main characteristic
parameters of nMgO are morphology, crystal size, crystal
structure, density, pore size, total porosity, specific surface
area, and reactivity [37, 38]. Many studies have examined
dye removal by adsorption on nMgO with different experi-
mental and synthesis conditions with different dyes. So, it is
difficult to compare the efficiency of urea-assisted synthe-
sized nMgO on dye removal with other synthesized methods
presented by other authors due to the difference in particle
size, surface area, morphology, and experimental conditions
(Table 2).

MgO shows ferromagnetism (FM) properties when
doped with N. N-doped MgO can be prepared by N
substituting for O. This can be tried by serial cogrinding of
MgO-NPs and urea followed by calcining the product above
400°C [44]. There, one extra hole entirely localizes around
the 2p orbitals. This leads to structural defects in MgO rock
salt cubic structure which causes in the reduction in the wide
band gap of MgO and leads in photoluminescence spectra
[45]. This phenomenon is effective for MgO-NPs as a photo-
catalyst in dye removal process.

4. Conclusions

Spherical-shaped nano-MgO particles and nanoporous
plate-like MgO with narrow size distribution have been suc-
cessfully synthesized using magnesium chloride as the start-
ing material. The final product has been confirmed by
XRD, FE-SEM, HR-TEM, FT-IR, and TGA analytical
methods. The capability of the product upon adsorbing
industrial reactive dye molecules was quantified by BET
and UV-vis spectroscopic methods. This method assures
low-cost, large-scale production of an efficient dye remover
for the urgent need of purification of industrial waste water,
as a viable solution
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