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ABSTRACT

In this study, the potential of MgO nanoparticles in the adsorption of methyl orange (MO)
as an azo dye and also the effectiveness of UV radiation in the performance improvement
of MgO nanoparticles in terms of MO dye adsorption were assessed. The dye removal
experiments were carried out in the batch reactors. MgO dosage in the range of 0.1–3.5 g/L,
mixing time of 0–120 min, dye concentration of 100–800 mg/L, and pH of 8–10 were
applied. The results of this investigation showed that the optimum dose of azo dye,
optimum dose of MgO nanoparticles, and optimum contact time for obtaining the best
performance in dye adsorption were about 300 mg/L, 1.5 g/L, and 10 min, respectively. UV
light improved MgO efficiency in MO adsorption. In the presence compared to the absence
of UV light, to obtain 90% adsorption efficiency of 100 mg/L MO, only half the dose of
MgO was needed. The isotherm studies showed that the Langmuir isotherm was the best
adoption to express the adsorption behavior.
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1. Introduction

In recent decades, the growth of industrial activi-
ties and production of large amounts of wastes has
led to large amounts of pollutant release into the
environment. One of the main pollutants that cause
serious health, environmental, and aesthetical prob-
lems is the dyes found in some industrial wastes, such

as textile, wood, paper, leather, cosmetics, food, etc.
These industries produce various types and quantities
of colored wastes. Dye, at low concentrations
(10–50 mg/L) in river water and sewage, can be recog-
nized by eyes [1]. Among various industries, textile
industries are the largest consumers of dyes [2], which
consume water as large as 200–500 m3 per ton of
product (depending on the production process), and
produce large volumes of wastewater with high dye
concentrations in the range of 10–200 ppm [3–5].
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Textile wastewaters contain a variety of different
colors, which are usually synthetic and have high
molecular weight, complex chemical structure, and
low biodegradability [6]. Therefore, these dyes must
be removed using appropriate methods prior to dis-
charge to the environment. Among the various
applied methods, adsorption is a favorable method for
the treatment of these wastes because of the simplicity
of design, cost-effective feasibility, recycling of adsor-
bent, and the absence of unsafe residues [7]. Recently,
researchers have shown that MgO nanoparticles due
to high adsorption surface area, high surface to vol-
ume ratio, large numbers of highly reactive edges, and
destructive sorbents, have considerable adsorption
capacity for the discoloration of wastewaters [4,8,9].
When adsorbates react in adsorption surface and are
degraded to a less-toxicity compound, it is known as a
destructive adsorption [10].

Azo dyes, an important group of synthetic organic
dyes, are used in textile industries. These compounds
have one or more azo bond (N=N) [11] and constitute
about 70% of total applied dyes [4]. UV radiation has
been used in many studies in combination with other
agents to remove pollutants such as dyes [12–15]. UV
radiation has the potential to upgrade many processes
in the removal of pollutants.

In this study, the potential of MgO nanoparticles
in the adsorption of methyl orange (MO) as an azo
dye and also the effectiveness of UV radiation in the
performance improvement of MgO nanoparticles in
the adsorption of MO dye were assessed.

2. Materials and methods

2.1. Materials

Magnesium oxide nanoparticles with the size of
20 nm, purity of 98%, and surface area of >60 m2/g
were purchased from US Research Nanomaterials
(Houston, TX, USA). MO dye and sodium hydroxide
were procured from Merck (Darmstadt, Germany). In
the studies with UV light present, samples were
irradiated with 125 W UV-light source (Narva, Berlin,
Germany).

2.2. Methods

2.2.1. Dye removal experiments

The stock solutions at the desired concentration
were prepared by dissolving the dye in distilled
water. By these solutions, the synthetic samples (with
the concentrations of 100–800 mg/L) were prepared.
The required pH of the sample solutions were
adjusted using 0.1 N HCl or NaOH solutions.

The batch dye removal experiments were carried
out by 250 mL flasks in batch reactors. The solutions
were stirred continuously using magnetic stirring bars
during the adsorption process. Each test consisted of
preparing a 100 mL of dye solution with the selected
initial concentration and pH by diluting the stock dye
solution and distilled water. Different dosages of
nano-MgO were then added to the flask, and immedi-
ately stirred for a predefined time. After the mixing
time, the suspension was allowed to settle for 30 min
and the supernatant was analyzed for the residual
dye. The dye removal efficiency was determined using
the following expression (Eq. 1):

Dye removal efficiency ð%Þ ¼ Ci � Ce

Ci
� 100 (1)

where Ci and Ce represent the initial and final (follow-
ing adsorption) dye concentrations, respectively. The
experiments were repeated at least three times using
the equivalent results. Mean of the three measure-
ments was also reported. All the experiments were
performed at room temperature. The ranges of the
experimental variables were as follows: dye concentra-
tions were prepared in the range of 100–800 mg/L,
pH of 8–10, MgO dosage of 0.5–3.5 g/L, and mixing
time of 0–120 min. These dosages and conditions were
selected according to the results of the pretests and
also, from the reports of the similar previous studies.

2.2.2. Method of analysis

The amounts of primary color and residual color
(after adsorption in different predefined conditions)
were measured using a spectrophotometer 2010DR.
The spectrophotometer was calibrated at the
wavelength of maximum absorption of the dye MO
(λmax = 464 nm). Correlation coefficient of the best fit
line equation (R2) was 0.995.

2.2.3. Adsorption isotherms

The adsorption equilibrium isotherm data are nec-
essary for the evaluation, design, and operation of
adsorption systems. In this paper, Langmuir, BET, and
Freundlich adsorption isotherms were used to model
the equilibrium adsorption data. To determine the
parameters of the isotherms of the MO adsorption
onto MgO nanoparticles, various doses of MgO nano
particles (0.5–2 g/L) were added separately to a series
of 250 mL volumetric flask containing 100 mL syn-
thetic solution with 300 mg/L initial MO concentra-
tion. The pH of these synthetic solutions was adjusted
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to 8. Then the flasks were stirred at room temperature
for 48 h to reach the equilibrium. Afterward, the stir-
rer was turned off and the settled solutions (after
30 min) were analyzed to determine the remaining
dye concentrations.

The quantity of removed dye (adsorbed dye) was
calculated by following mass balance equation (Eq. 2):

qe �m ¼ V ðCi � CeÞ (2)

where qe (mg/g) is the mg adsorbed dye onto the unit
of adsorbate (g), m is mass of dry adsorbate added
(g), V is volume of the dye solution, Ci and Ce

are the initial and equilibrium dye concentrations,
respectively.

In this study, to determine the relationship
between qe and equilibrium concentration dye (Ce),
Freundlich, BET (Brunauer–Emmett–Teller), and
Langmuir isotherms were used.

The linearized formulation of the Freundlich
equation is expressed as Eq. 3 [16]:

log qe ¼ 1

n
log Ce þ log Kf (3)

In this equation, n, which is constant, is reciprocal
reaction order, and Kf (also constant) shows capacity
of the adsorbent for the adsorbate. Kf is a function of
adsorption strength. Drawing log qe vs. log Ce

provides n and Kf values.
The Langmuir equation, in its linearized form is

expressed as follows [17]:

Ce

qe
¼ 1

bqmax
þ Ce

qmax
(4)

where, b is a constant related to the adsorption energy
and qmax term is the surface concentration at mono-
layer coverage (maximum value of qe that can be
achieved as Ce is increased).

BET isotherm is given by the following equation
[18]:

C

ðCs � CÞðX=mÞ ¼
A� 1

A � q
� �

� C

Cs

� �
þ 1

A � q
� �

(5)

In this equation, C is solute residual concentration in
the solution at equilibrium (mg/L), Cs is solute
saturation concentration (mg/L), X/m is the sorbated
quantity per sorbent unit weight (mg/g), A is constant
equivalent to the energy of interaction with the
surface, and q is amount of solute sorbated per unit

sorbent weight in forming a complete monolayer on
the surface (mg/L).

3. Results and discussion

3.1. Effect of MgO dosage

Fig. 1 shows the effect of MgO nanoparticle dosage
(adsorbent) on MO dye (adsorbate) removal efficiency
at three different dye concentrations and constant time
(40 min).

As seen in Fig. 1, the dye removal efficiency
increased when adsorbent dosage increased; also it
decreased when adsorbate dosage increased.

These can be attributed to the increase and
decrease of the available adsorption sites with the

Fig. 1. Effect of MgO dose on the MO removal percentage
(Mean ± SD) at three different MO concentrations
(temp. = 20 ± 2.8˚C, initial adjusted pH 8 ± 0.02).

Fig. 2. Effect of contact time and initial MgO concentration
on the dye removal efficiency (mean ± SD) (initial MO
concentration = 300 mg/L, temp. = 20 ± 2.4˚C, and initial
adjusted pH 8 ± 0.02).

8332 M.R. Rezaii Mofrad et al. / Desalination and Water Treatment 57 (2016) 8330–8335



increase of adsorbent dose and also increase of adsor-
bate dose, respectively. Hence, the percent dye
removal depends upon adsorbent dose and initial
adsorbate concentration [19]. Addition of the MgO
nanoparticles increases the pH of the dye solution. By
increasing pH of the solution close to magnesium
pHzpc (12.4) [20], surface of MgO nanoparticles tends
to have more positively charged surfaces. Therefore,
the negatively charged surface of dye and positive
adsorbent surfaces make favorable conditions for dye
adsorption. Removal efficiency in each of the three
dye concentrations with the adsorbent dosage of less
than about 1.5 g/L of MgO dosage was increasing rel-
atively faster than higher adsorbent dosage. According
to this figure, it can be concluded that until sufficient
adsorption sites are available, dye removal efficiency
is independent from the adsorbent concentration. In
briefly, the remarkable MO removal efficiency by
MgO nanoparticles has been attributed to the large
surface area, coral-like hierarchical structure, and the
porous nanoflakes network [8].

3.2. Effect of contact time

Contact time, which is one of the most important
design parameters in adsorption processes, was stud-
ied in this investigation and the results are shown in
Fig. 2. According to Fig. 2, by increasing contact time,
dye removal efficiency was increased. In the first
10 min of contact time, this increase was sharp and
then was gradually flattened out. Therefore, it seems
that best effective adsorption time can be considered
as about 10 min.

The exposure time achieved for equilibrium
adsorption onto MgO is shorter than most of the
reported values for dye adsorption onto other adsor-
bent. For example, it is reported that to reach equilib-
rium in adsorption of reactive red dye onto wheat
bran, required time is almost 4 h [21]. Table 1 displays

the optimum adsorption time of some of the other
adsorbents toward dyes in comparison with MgO
nanoparticles.

3.3. Effect of dye dosage

In Fig. 3, the plot of MO removal (%) vs. dye con-
centration at the constant concentration of MgO nano-
particle (1.5 g/L as optimum dosage) and different
times of adsorption are shown.

As observed, the dye removal efficiency increased
steadily as initial dye concentration increased from
100 to 300 mg/L, and then it decreased sharply with
increasing dye concentration, which may be caused by
decreasing the number of remaining adsorption sites.
Also, at lower contact time (15 min) and at higher dye
concentrations (greater than about 400 mg/L), with
increasing initial dye concentration, removal efficiency
was more steadily decreased, which may be related to

Table 1
Comparison of optimum adsorption contact time of different adsorbents with MgO nanoparticles

Dye(s) Treatment method adsorbent
Optimum adsorption
time (min) References

Alizarin yellow, fast green, and methyl violet Bottom ash 240 [22]
Basic red 29 Activated carbon 120 [23]
Methylene blue UV/TiO2 180 [24]
Reactive black 5(RB5) Penicillium restrictum biomass 75 [25]
Safranin O Fe3O4 magnetic nanoparticles 10 [26]
Remazol brilliant blue R (RB19) & remazol

red 133 (RR 198)
MgO nanoparticles 5 [4]

Methyl orange MgO nanoparticles 10 This work

Fig. 3. Effect of MO (dye) concentration and contact time
on MO removal efficiency (mean ± SD) (MgO concentra-
tion = 1.5 g/L, temp. = 20 ± 1.9˚C, and initial adjusted
pH 8 ± 0.03).
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desorption phenomena occurring at the more contact
times. Similar findings have been also reported by
other researchers [4,9].

3.4. Effect of simultaneous use of MgO and UV

Decolorization of MO in the coupled MgO/UV
system was investigated at different MgO nanoparticle
doses when the initial dye concentrations were 100
and 300 mg/L. Contact time in this section was con-
stant and 10 min. All other experimental conditions
were the same as the previous ones.

Dye removal efficiency comparison of MgO nano-
particles with and without UV radiation present is
shown in Fig. 4. Accordingly, dye removal efficiency
had an increasing tendency in the presence of UV
radiation, and this increase was more significant at
lower (100 mg/L) dye concentration.

Also in Fig. 4, it can be seen in the presence com-
pared to the absence of UV light, to obtain 90%
adsorption efficiency of 100 mg/L MO, only half the
dose of MgO was required.

3.5. Adsorption isotherm modeling

The equilibrium adsorption data of MO onto MgO
nanoparticles adsorbent were evaluated with Lang-
muir, Freundlich, and BET models. To compare the
fitness of the models, correlation coefficient (R2) of the
linear regression plot was used. Table 2 summarizes

Langmuir, Freundlich, and BET isotherm constant
parameters for the adsorption of MO onto MgO. As
shown in Table 2, the best correlation between these
three models was Langmuir equation, which indicates
that the adsorption of MO onto MgO nanoparticles
was well described by the Langmuir model than the
BET and Freundlich models. This indicates that the
adsorption happens as the monolayer dyes adsorb
onto the homogenous adsorbent surface. Other studies
have also reported a Langmuir model for the adsorp-
tion of other dyes as well [4,10].

4. Conclusion

This study investigated the efficiency of MgO and
MgO/UV in the removal of an azo dye from synthetic
wastewater sample. MgO dose, MO dose (as an azo
dye), contact time, and UV light (the absence and pres-
ence of UV) were the variable parameters in this work.

Fig. 4. Effect of UV irradiation presences on MO removal efficiency (mean ± SD) by MgO nanoparticles (temp. = 20 ± 1.5˚C,
initial adjusted pH 8 ± 0.02).

Table 2
Adsorption isotherms parameters of MO onto MgO at
room temperature (initial MO dose = 300 mg/L, initial
adjusted pH 8 ± 0.04, and equilibrium time 48 h)

Langmuir
equation

Freundlich
equation BET equation

qmax 301.85 Kf 7.685 A −51.34
B 0.13 n 4.99 X/m 139.84
R2 0.999 R2 0.957 R2 0.988
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Results of this investigation showed that the opti-
mum dose of MO, optimum dose of MgO nanoparti-
cles, and optimum contact time for obtaining the best
performance in MO adsorption were about 300 mg/L,
1.5 g/L, and 10 min, respectively. UV light improved
MgO efficiency in MO adsorption. UV light had a
more observable effect on lower dye concentrations.
The results obtained from the isotherm studies
showed that the best fitting isotherm was found to be
the Langmuir.
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