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Abstract
Background: Industrial dyes are toxic and carcinogenic, therefore, they should be removed from 
wastewater. The aim of this study was to investigate the removal of acid orange 7 Dye from wastewater 
using ultraviolet (UV) radiation, MgO nanoparticles, ultrasonic method alone and in combination with 
each other.
Methods: The effects of some factors such as temperature, pH, hydraulic retention time (HRT), UV 
power, and concentration of MgO nanoparticles on the removal of Acid Orange 7 dye from synthetic 
wastewater using different methods were investigated. Also, adsorption isotherms for MgO nanoparticles 
and kinetics for UV radiation were investigated. 
Results: The optimum HRT was 55 minutes while the temperature was not effective in dye removal 
using the ultrasonic method. Under optimum conditions for UV irradiation method (HRT = 70 
minutes, UV power = 170 mW/cm2, and temperature = 10˚C), 58% of the dye was removed. However, 
under optimum conditions for MgO nanoparticles method (HRT = 15 minutes, temperature = 20˚C, 
and ratio of MgO nanoparticles to the initial dye concentration = 67.2), 82% of the dye was removed. 
By combining these methods, the dye removal efficiency was significantly increased. The combination 
of ultrasonic method and MgO nanoparticles had no significant effect on increasing the dye removal 
efficiency from wastewater. It was revealed that dye removal using UV radiation can be described by 
the first-order kinetics.
Conclusion: According to the results, UV radiation has a synergistic effect on the dye adsorption 
process by MgO nanoparticles. Therefore, the combination of these methods can be effective for the 
removal of dye from wastewater.
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Introduction
Wastewater from industries such as textile and leather 
contains residual dyes and is discharged in the environment 
around industrial area. There are approximately 40 000 
various dyes used in industries that azo dyes are the main 
type of them (1). Over the world, azo dyes account for 

more than 50% of total dyes used in textile and other 
industries (2,3). They are toxic and carcinogenic (4). The 
main part of azo dye is Acid Orange 7 with formula of 
C16H11N2NaO4S (5,6). These dyes escape the wastewater 
treatment processes and remain in the environment 
because of their high stability to different parameters such 
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as light, temperature, water, and detergents (7,8).
Several methods have been developed for dye removal 
from wastewater such as electrochemical methods (4,5), 
oxidation processes (6), biological degradation (9), UV 
radiation (8), advanced oxidation processes (8), and 
adsorption processes (10). Adsorption processes have 
been reported as the most cost-effective methods for dye 
removal. In this method, the specific surface area increases 
with the reduction of particle size (11). By increasing the 
surface area, the adsorption rate also increases. Many 
types of adsorbents have been used for the removal of dyes 
from wastewater (12). Among them, activated carbon is 
one of the most common adsorbents used to remove dyes, 
which is an effective material (13). Recently, researchers 
have focused on the development of new cost-effective 
adsorbents like nanoparticles for removal of dye from 
wastewater. Nanoparticles can provide a large specific 
surface area that make a large fraction of atoms to be more 
accessible for chemical reactions (14). MgO nanoparticles 
are very promising adsorbent for dye removal from 
wastewater (15). The simplicity of MgO nanoparticles 
production from abundant natural minerals is considered 
as the main advantage of this adsorbent (12). Recently, 
ultraviolet (UV) radiation has been also introduced 
for dye removal from wastewater (16). Studies have 
shown that the use of UV radiation along with chemical 
oxidants such as ferrate(VI) can increase the pollutants 
removal efficiency from wastewater (17). Additionally, 
UV irradiation could be used for the removal of some 
organic compounds and hydrogen sulfide (H2S) from 
domestic wastewater (18). Another method introduced 
for dye removal is the use of ultrasonic waves. Ultrasound 
waves are divided into two categories according to their 
application: The first category contains ultrasound waves 
with frequencies between 20 kHz and 1 MHz which are 
using in chemical processes (19). The second category is 
ultrasound waves with frequencies less than 1 MHz which 
are using in medical science (20). The penetration of 
ultrasonic waves in the aquatic environment is very high 
that is usually from 15 to 20 cm. The use of ultrasonic 
waves for chemical reactions is called sonolysis. Sonolysis 
is an advanced oxidation process that has gained a lot of 
attention over the past two decades (21). 
Although, different methods such as UV radiation 
(22), electrochemical methods (4), oxidation processes 
(6), biological degradation (7), ultrasonic waves (19), 
and adsorption processes (10) have been proposed to 
remove Acid Orange 7 dye from water, but there is no 
study about simultaneous application of ultraviolet 
(UV) + MgO nanoparticles and ultrasonic method + 
MgO nanoparticles. Therefore, the aims of this study 
were to investigate the removal of Acid Orange 7 using 
ultraviolet (UV), MgO nanoparticles, ultrasonic method, 
UV + MgO nanoparticles, and ultrasonic method + MgO 
nanoparticles, and to evaluate the effective factors in the 
removal of Acid Orange 7 from wastewater using above-

mentioned methods. 

Materials and Methods
Ultrasound
To prepare dye concentration of 11.9 mg/L, 1.19 mg of 
Acid Orange 7 dye was added into an Erlenmeyer flask 
containing 100 mL of distilled water. In the previous study 
(1), it was shown that there is no significant difference in 
the removal efficiency of different dyes between high and 
low initial dye concentration. So, it was decided to use 
only low concentration of the dye. Then, the Erlenmeyer 
flask was radiated with ultrasonic equipment (S30H) for 
60 minutes at 20°C. Sampling was performed every 5 
minutes from the Erlenmeyer flask and continued up to 
60 minutes. The concentration of the remaining dye in 
each sample was measured. Then, the effect of different 
temperatures of 10, 20, 30, 40, 50, and 60˚C was evaluated 
to find the best temperature for the dye removal. 

Ultraviolet 
In this method, containers with dimensions of 20 × 12 
× 2.5 cm were used. UV with a power of 10, 20, 70, 120, 
and 170 mW/cm2 was used to find the effect of UV power 
on the dye removal. The dye concentration of 11.9 mg/L 
was selected for this section of the study. Also, the effect 
of hydraulic retention time (HRT) on dye removal in the 
range of 1 to 80 minutes was investigated. Then, the effect 
of different temperatures of 10, 20, 30, 40, 50, and 60˚C on 
dye removal was evaluated. 
It should be noted that the investigation of the reaction 
kinetics is essential to provide the necessary data for the 
industrial applications of UV radiation. In this study, first-, 
second-, pseudo first-, and pseudo second-order kinetics 
for dye removal by UV radiation were investigated. So, 
first- and second-order kinetics were investigated using 
equations (1) and (2), respectively. 

1
0

ln A

A

C k t
C

= −                                                                            (1)

where CA is the concentration of dye after the treatment 
by UV radiation (mg/L), CA0 is the initial concentration 
of dye before the treatment by UV radiation (mg/L), and 
k1 is the reaction rate constant of the first-order kinetics 
(1/min). Equation (1) is analogous of y = ax equation. 
Therefore,  k1 coefficient can be calculated by plotting ln 
CA/CA0 versus t. Second-order kinetic was evaluated using 
Eq. (2). 

1
𝐶𝐶𝐴𝐴

= 𝑘𝑘2𝑡𝑡 + 1
𝐶𝐶𝐴𝐴0

                                                                              (2)

Where CAo is the initial concentration of pollutants (mg/L), 
CA is pollutant concentration at time of t (mg/L). k2 can 
be calculated by plotting of 1/CA versus t. In this study, 
pseudo first-order and pseudo second-order kinetics were 
also investigated that are shown in equations (3) and (4). 
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log (CA max – CA) = log (CA max – k1 × t)                              (3)

𝑡𝑡
𝐶𝐶 = 𝑡𝑡

𝑘𝑘2 × 𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚2 + 𝑡𝑡
𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚

                                                                                                            (4)

where C is the concentration of dye removal at t (mg/L), 
Cmax is the maximum concentration of dye removal (mg/L), 
k1 is pseudo first-order reaction rate constants (min-1), 
and k2 is pseudo second-order reaction rate constants in 
L/mg.min (23).

MgO nanoparticles
In this method, the effect of MgO nanoparticles at different 
concentrations of 10, 20, 30, 40, 50, 60, 70, 80, 90, and 100 
mg was investigated. In addition, the effect of temperature 
in the range of 1 to 25 minutes and different HRTs of 20, 
30, 40, 50, and 60˚C on dye removal was investigated. 
Also, isotherms of Freundlich, Langmuir, D-R, Temkin, 
Generalized, and Jovanovic were studied. The linearized 
form of Freundlich isotherm is shown in Eq. (5). 

log ( 𝑥𝑥
𝑚𝑚) = 𝑙𝑙𝑙𝑙𝑙𝑙𝐾𝐾𝑓𝑓 + 1

𝑛𝑛 log(𝐶𝐶𝑒𝑒)                                                      (5)

where x/m is the amount of dye absorbed per gram of 
the absorbent, Ce is the equilibrium concentration of the 
adsorbed dye in the solution after adsorption process, and 
n and Kf are the constant coefficients of the Freundlich 
equation. Equation (6) is similar to the general equation 
of a straight line (y=ax+b). The amount of Kf and n can be 
calculated by plotting log(x/m) versus log(Ce). Langmuir 
isotherm is shown in Eq. (6).

𝐶𝐶𝑒𝑒
(𝑥𝑥 𝑚𝑚⁄ ) =

1
𝑎𝑎𝑎𝑎 +

1
𝑎𝑎 𝐶𝐶𝑒𝑒                                                                 (6)

where a and b are Langmuir constants. This equation is 
similar to the general equation of a straight line (y=ax+b). 
The constants a and b can be determined by plotting Ce/
(x/m) versus Ce. The Temkin isotherm is shown in Eq. (7). 
The constants KT and B1 can be calculated using the linear 
plot of qe versus ln (Ce).

𝑞𝑞𝑒𝑒 = 𝐵𝐵1 ln(𝐾𝐾𝑇𝑇) + 𝐵𝐵1 ln(𝐶𝐶𝑒𝑒)                                                  (7)

Where KT is the equilibrium binding constant (L/
mg) and constant B1 is the heat of adsorption (21). The 
D-R isotherm, apart from being analogue of Langmuir 
isotherm, is more general than Langmuir isotherm as it 
rejects the homogenous surface or constant adsorption 
potential. The D-R isotherm is shown in Eq. (8).

lnqe = lnqs – Bε2                                                                                                                      (9)

where qe is D-R constant and ε can be calculated using Eq. 
(9). 

𝜀𝜀 = 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 (1 + 1
𝐶𝐶𝑒𝑒
)                                                                                               (10)

where qe is the maximum amount of adsorbent that can 
be adsorbed on the adsorbent, B is the constant related to 
energy, Ce is the equilibrium concentration (mg/L), R is the 
universal gas constant that is equal to 8.314 J/mol.K, and T 
is the temperature (Kelvin). The Generalized isotherm is 
shown in Eq. (10).

𝑙𝑙𝑙𝑙 [(𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚
𝑞𝑞𝑒𝑒

) − 1] = 𝑙𝑙𝑙𝑙(𝐾𝐾𝐺𝐺) − 𝑁𝑁𝑙𝑙𝑙𝑙(𝐶𝐶𝑒𝑒)                                        (10)

where KG is the saturation constant (mg/L), N is the 
cooperative binding constant, qmax is the maximum 
adsorption capacity of the adsorbent (mg/g), and qe (mg/g) 
and Ce (mg/L) are the equilibrium dye concentrations in 
the soil and liquid phase, respectively. The values of N and 
KG were calculated from the slope and intercept of the 
plots.
Assumptions of the Langmuir model were used to develop 
Jovanovic isotherm. In addition to the assumptions of 
the Langmuir model, the possibility of some mechanical 
contacts between the adsorbate and adsorbent was also 
considered as a new assumption for Jovanovic isotherm. 
The linear form of the Jovanovic model is shown in Eq. 
(11).

ln𝑞𝑒= ln𝑞max− 𝐾𝐽𝐶𝑒                                                              (11) 

where Ce  is the equilibrium concentration (mg/L), 𝐾𝐽 
is a constant coefficient of Jovanovic, 𝑞𝑒 is the amount 
of adsorbate that was adsorbed onto the adsorbent at 
equilibrium stage (mg/g), and 𝑞max is the maximum uptake 
of adsorbate obtained from the plot of ln𝑞𝑒 versus  𝐶𝑒. 

Combination of ultrasonic method and MgO nanoparticles
In this method, 10 Erlenmeyer flask with a volume of 2000 
mL containing 1000 mL of distilled water and 11.9 mg of 
Acid Orange 7 were used. Then, different concentrations 
(200, 300, 400, 500, 600, 700, 800, 900, and 1000 mg) 
of MgO nanoparticles were added to the Erlenmeyer 
flasks. Next, the Erlenmeyer flasks were preserved in 
the ultrasonic equipment at temperature of 23˚C for 50 
minutes. To determine dye concentration, sampling 
was performed from each Erlenmeyer flask at 5-minute 
intervals. 

The combination of UV and MgO nanoparticles
In this method, 9 UV containers with 100 mL of distilled 
water and 11.9 mg/L of dye were prepared. Next, MgO 
nanoparticles with concentrations between 200 and 
1000 mg/L were prepared in the containers. Then, the 
containers were exposed to UV radiation with a power 
of 170 mW/cm2 at temperature of 23˚C for 100 minutes. 
Every 5 minutes, a sample was taken from each container 
to determine the dye concentration. 

MgO nanoparticles generation
Nanoparticles are typically produced by sol-gel and 
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hydrothermal methods. In this study, sol-gel method was 
used to produce MgO nanoparticles by adding 100 g  of 
MgCl2.6H2O and 50 mL of sodium hydroxide 1 N to 500 
mL distilled water. The solution was mixed using magnetic 
stirrer at 200 rpm for 4 hours. After sedimentation and 
precipitation, the sediments were separated from the 
solution by centrifuging at 3000 rpm for 5 minutes. The 
separated sediments were washed with distilled water 
several times and dried at 60°C for 24 hours. To obtain 
MgO nanoparticles, the dried powder was calcined 
at 450°C for 2 hours. The production of nanoparticles 
and their dimensions were determined using scanning 
electron microscope (SEM). The specific surface area of 
MgO nanoparticles was measured using the Brunauer–
Emmett–Teller (BET) equation applied to the adsorption 
data (24). Also, the pattern of MgO particles was 
determined using X-ray diffraction (XRD). 

Analytical methods
In this study, ferrate(VI) was electrochemically produced 
based on the study of Talaiekhozani et al (18). All other 
chemicals were purchased from Merck (Darmstadt, 
Germany). pH was determined using a digital pH meter 
(AZ-86502, Taiwan). The UV lamp was 8 Watt and 
manufactured in Italy. To measure UV power, a UV 
meter (340A model, Taiwan) was used. The temperature 
was measured using a digital thermometer (ZH-08 
model, China). The Acid Orange 7 dye was measured 
using a spectrophotometer (Unico S-2100 SUV, USA) at 
a wavelength of 488 nm. The dye powder was dissolved 
into water, and then, the absorption of dye solution was 
spectrophotometrically measured at a wide range of 
wavelengths (between 200 and 1000 nm). The highest 
absorption was observed at 488 nm. Consequently, this 
wavelength was selected to measure dye concentration. 
The dye removal efficiency in all experiments was 
determined using Eq. (12).

𝑅𝑅𝑅𝑅 = 𝐶𝐶1 − 𝐶𝐶2
𝐶𝐶1

× 100                                                                (12)

where RE is dye removal efficiency (%), C1 is the initial 
dye concentration (mg/L), and C2 is the concentration 

of dye after treatment. In this study, all experiments 
were replicated to assure the repeatability of the results. 
The characteristics of MgO nanoparticles generated 
in this study were investigated by a SEM (Philips XRD, 
PW1830 X). Also, the morphology of the generated MgO 
nanoparticles was evaluated by SEM (Philips XI30). 
Additionally, the specific surface of the generated MgO 
was measured using a BET analyzer (F-Sorb X400CE). 

Results
Ultrasonic method
In this study, the effect of HRT and temperature on dye 
removal using ultrasonic method was investigated. It 
was revealed that HRT between 20 and 55 minutes was 
effective in dye removal using ultrasonic method (Figure 
1a). The maximum dye removal at the optimum HRT 
was only 19%. However, temperature was not an effective 
factor in dye removal using ultrasonic method (Figure 
1b).

UV radiation
The power of UV radiation between 10 and 170 mW/cm2 
was effective in dye removal using UV radiation (Figure 
2a). It was revealed that the increase of HRT has a positive 
effect on dye removal using UV radiation (Figure 2b). The 
increase of temperature has a very negative effect on dye 
removal (Figure 3). The highest dye removal was obtained 
at temperature of 10˚C. The maximum dye removal using 
UV radiation was around 58% under optimum conditions 
(HRT = 70 minutes, pH = 6.5, initial dye concentration = 
11.9 mg/L, power of UV radiation = 170 mW/cm2, and 
temperature = 10˚C). In this study, the reaction kinetics 
of dye removal using UV radiation was investigated 
(Figure 4). The results showed that dye removal using UV 
radiation can be described by the first-order kinetics (R2 
= 0.947).
In the photocatalysis process, the light photons such as UV 
radiation are used to produce hydroxyl radical group. The 
generated hydroxyl radicals attack the dyes and degrade 
it. It includes band to band excitation of semiconductor 
particles by irradiation, to generate OH• radicals. If the 
catalyst is used, the production of radical is accelerated 
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Figure 1. The effect of HRT and temperature on dye removal efficiency using ultrasonic method.
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on the surface of the catalyst. The hydroxyl radical on 
the particle surface is derived from the valence band hole 
oxidation of terminal -OH groups and hydration water. 
It can be assumed that the hydroxyl radical can attack 
the dual band between nitrogen and degrade the organic 
dye (2).
Based on the previous work (3), it can be stated that the 
degradation mechanism was proposed from the initial 
step of generation of hydroxyl radical to the final product 
of photocatalytic degradation. It was shown that the dye 
degradation can be continued via partial or complete 
oxidation of the naphthalene ring in the structure of Acid 
Red 7 to form stable intermediates. The OH• radicals 
attack on the ortho section of naphthalene. Besides, 

Figure 3. The effect of temperature on dye removal using UV radiation at 
HRT = 70 min, pH = 6.5, initial dye concentration = 11.9 mg/L, and power 
of UV radiation = 170 mW/cm2. 

Figure 4. Kinetic investigation for dye removal by UV radiation. 

Figure 2. (a) The effect of UV power on removal efficiency of Acid Orange 7 at HRT = 70 min, temperature = 23˚C, initial dye concentration = 11.9 mg/L, and 
pH = 6.5, and (b) The effect of HRT on dye removal using UV radiation at temperature = 23˚C, pH = 6.5, initial dye concentration = 11.9 mg/L, and power of 
UV radiation = 170 mW/cm2.
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concerted cleavage of the naphthalene ring was resulted in 
the formation of carboxylic acids.

MgO nanoparticles
The characterestics of syntesized MgO nanoparticles 
were investigated using SEM and XRD. The size of MgO 
nanoparticles was investigated by Scherrer equation (τ = 
(Kλ/βcosθ)), where τ is the avarage size of particles, K is a 
dimensionless shape factor, λ is X-ray wavelength, and β 
is the line broadening at half of the maximum intensity. 
The investigations using both SEM image and Scherrer 
equation demonestrated that the avarage size of MgO 
nanoparticles was between 37 and 73 nm. It was also 
found that the MgO nanoparticles are almost sphere-
shaped (Figure 5a). The results are presented in Figure 
5. The effects of the ratio of MgO nanoparticles to the 
initial dye concentration (M/D) is illustrated in Figure 
6a. As shown in this figure, the increase of M/D up to 
67 could be effective on dye removal. When M/D was as 
much as 67, 81% of the dye was removed. The increase of 
M/D to more than 67 could not increase the dye removal 
performance. Additionally, HRT between 1 and 10 min 
was another effective factor on dye removal using MgO 
nanoparticles (Figure 6b). As temperature has been 
introduced as an effective factor on adsorption processes, 
therefore, the effect of this parameter was also investigated 
on dye removal using MgO nanoparticles. The results 
demonestrated that the increase of temperature had a 
negetive effect on dye removal using MgO nanoparticles 

Figure 5. (a) SEM of synthesized MgO nanoparticles and (b) X-RD of 
synthesized MgO nanoparticles.

Figure 6. (a) The effect of MgO nanoparticles concentration on dye removal 
at HRT = 15 min, temperature = 23˚C, and pH = 6.5, (b) The effect of HRT 
on dye removal using MgO nanoparticles at temperature = 23˚C, pH = 6.5, 
and M/D = 58.8, and (c) The effect of temperature on dye removal using 
MgO nanoparticles at pH = 6.5, HRT = 10 min, and M/D = 58.8.
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(Figure 6c). The performance of dye removal using MgO 
nanoparticles was reduced to 33% at temperature of 60°C 
in comparison with that at 20°C. Therefore, the use of MgO 
nanoparticles for dye removal does not need any extera 
energy for increasing the temperature. As shown in Figure 
7, the R2 of the Langmuir isotherm was greater than that 
of other isotherm models. It means that the removal of dye 
from water using MgO nanoparticles can be described by 
the Langmuir isotherm.

Ultrasonic method + MgO nanoparticles and UV + MgO 
nanoparticles 
The combinations of ultrasonic method + MgO 
nanoparticles and UV + MgO nanoparticles were 
investigated in this study. The results of these experiments 
are shown in Figure 8. Based on Figure 8a, the maximum 
dye removal using ultrasonic method + MgO nanoparticles 
process was achieved at HRT of 50 min and M/D of 58.8 
(Figure 8a). In this condition, nearly 85% of the dye could 
be removed. Furthermore, UV/MgO nanoparticles could 
remove 98% of the dye at HRT of 100 minutes and M/D 
of 58.8 (Figure 8b). Figure 8c illustrates that the increase 
of temperature had a positive effect on dye removal using 
UV/MgO. The results showed that nearly 99% of the dye 
could be removed at temperature of 60°C and M/D of 16.9 
(Figure 8c).

Discussion
Ultrasonic method
Various studies have shown that ultrasonic method can 
remove various types of pollutants from wastewater 
(6,25). Based on the results, ultrasonic waves require a 
long HRT for removal of dye from wastewater (Figure 
1a). In this study, the dye was not removed by ultrasonic 
method in the first 20 min of the experiment. Thereafter, 
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dye removal efficiency gradually increased to 45 minutes, 
and then, became stable between 18% and 19%. It can be 
noted that the ultrasonic method alone was not effective 
for removal of a large amount of dye from wastewater. As 
reported by Oh et al, only 21% of the aromatic polycyclic 
hydrocarbons was removed by the ultrasonic method at 
HRT of 30 minutes (26).
As temperature is an important parameter in chemical 
reactions, therefore, the effect of temperature on the 
ultrasonic method was evaluated. The results showed that 
dye removal efficiency at different temperatures was stable 
(Figure 1b). It means that temperature was not an effective 
factor in dye removal using ultrasonic method. 

UV radiation
Effect of UV radiation power
UV radiation with a wavelength between 10 and 400 nm 
is able to change the chemical nature of many organic 
compounds (27). The effect of UV power between 10 and 
170 mW /cm2 on the removal of dye from wastewater 
is shown in Figure 2a. By increasing the power of UV 
radiation from 10 to 170 mW/cm2, the removal efficiency 
increased from 2% to 31%. The relationship between the 
dye removal efficiency and power of UV radiation can be 
calculated using Eq. (13).

𝑅𝑅𝑅𝑅 = −0.001(𝑃𝑃𝑈𝑈𝑈𝑈)2 + 0.3625𝑃𝑃𝑈𝑈𝑈𝑈 − 0.8249                                                                                                     (13)
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Figure 7. Freundlich, Langmuir, D-R, Temkin, Jovanovic, and Generalized isotherms for removal of dye using MgO nanoparticles.
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where RE is the efficiency of dye removal from wastewater 
(%) and PUV is the power of UV radiation (mW/cm2). 
This equation can be used in the range of UV radiation 
between 10 and 170 mW/cm2. As reported by Eskandari, 
about 100% of hydrogen sulfide and 51% of the chemical 
oxygen demand (COD) were removed from domestic 
wastewater using UV radiation (17). The results showed 
that UV radiation alone was not effective in dye removal.

Effect of HRT and temperature
HRT is one of the most important parameters to determine 
the dimensions of wastewater treatment reactors (28). The 
results showed that only 1% of the dye was removed at 

HRT of 1 minute (Figure 2b). By increasing HRT to 70 
minutes, the dye removal efficiency increased to 26%. At 
HRT higher than 70 min, there was no significant change 
in the removal efficiency of dye from wastewater. The 
relationship between HRT and the dye removal from 
wastewater at HRT from 1 to 80 min can be calculated by 
Eq. (14).

𝑅𝑅𝑅𝑅 = 0.3189𝑡𝑡 + 0.3349        (𝑅𝑅2 = 0.96)                              (14)
      
where RE is the removal efficiency of dye from wastewater 
(%) and t is HRT (min). It should be noted that this 
equation is only applicable at pH = 6.5, temperature = 
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23°C, and initial Acid Orange 7 dye concentration = 11.9 
mg/L.
Figure 3 shows the effect of temperature on dye removal 
using UV radiation. Based on the results, the increase 
of temperature had a negative effect on dye removal 
efficiency using UV radiation. The highest dye removal 
efficiency was 58% at 10°C. Meanwhile, at a temperature 
of 50°C, the removal efficiency was decreased to 8%. By 
increasing the temperature to higher than 50°C, the dye 
removal efficiency did not change.

Kinetics
In this study, first-, second-, pseudo first-, and pseudo 
second-order kinetics for dye removal by UV radiation 
was investigated. Figure 4 shows the regression results 
of different kinetics. Also, the constant coefficients and 
relative R2 are shown in Table 1. The results showed that 
dye removal using UV radiation can be described by the 
first-order kinetics (R2 = 0.947). A first-order reaction 
depends on the concentration of only one reactant. It 
means that the dye removal efficiency only depends on 
the dye concentration. Higher concentration of dye can 
provide larger molecules that are able to absorb more UV 
radiation. Therefore, UV radiation is more effective when 
it is used for removal of dye at higher concentrations. 
The constant k is the reaction rate constant or reaction 
rate coefficient, which is shown in 1/min. Its value may 
depend on conditions such as temperature, ionic strength 
or light irradiation. The results showed that the reaction 
rate constant of the first-order kinetics (k1) was 0.0037 1/
min. 

MgO nanoparticles
Textural morphology of MgO nanoparticles by SEM image 
is shown in Figure 5a. Based on the SEM analysis, the size 
of MgO nanoparticles was found to be between 37 and 75 
nm. So, it can be concluded that MgO nanoparticles have 
been formed well. Figure 5b illustrates the XRD pattern 

of MgO nanoparticles. Based on the Scherrer equation, 
the average crystallite size of the particles was around 60 
nm. All peaks in the XRD pattern of MgO were very sharp 
with no impurity, and the crystalline phase was formed 
completely. Peak intensities in Figure 4b revealed the total 
scattering from each plane in the phase’s crystal structure, 
which was directly related to the distribution of particular 
atoms in the structure. The characteristics of diffraction 
peaks corresponding to crystalline MgO appeared at 2θ 
= 37.11, 43.0, 50.21 and 73.79°. This pattern showed a 
single cubic phase that was consistent with those of the 
standard spectrum (29,30). The results showed that the 
average specific surface area of MgO nanoparticles was 
102.6 m2/g. 

Effect of MgO nanoparticles concentration 
MgO nanoparticles act as an adsorbent because increasing 
MgO nanoparticles concentration can increase dye 
removal efficiency (12). As shown in Figure 6a, M/D 
increased from 16.9 to 84. By increasing the ratio of M/D 
from 16.9 to 67.2, the removal efficiency of dye increased. 
Whereas, increasing the ratio of M/D from 16.9 to 84 
did not affect the dye removal efficiency. Increasing the 
concentration of MgO nanoparticles provides more 
surfaces for adsorption of dye. However, excessive 
increase in the absorbent concentration did not increase 
the dye removal. The results showed that the optimum 
ratio of M/D to reach the highest dye removal was 67.2. 
The optimum concentration of MgO nanoparticle for 
removing Reactive Blue 19 and Reactive Blue 198 dyes 
at pH = 8, HRT = 5 min, and initial dye concentration 
between 50 and 300 mg/L, was reported to be 0.2 g (12). 
Table 2 shows the comparative evaluation of adsorbent 
dosages removal of dye from wastewater using different 
adsorbents. The biological oxygen demand (BOD) in 
wastewater of textile industries before releasing into 
surface water should be less than 30 mg/L. In this study, 
after dye removal, the BOD was reduced to 30 mg/L. The 

Table 1. The constant coefficients of the first-, second-, pseudo first-, and pseudo second-order kinetics

Pseud First-order Kinetic Pseudo Second-order Kinetic First Order Kinetic Second Order Kinetic

R2 k1  (1/min) R2 k2 (L/mg.min) R2 k1 (1/min) R2 k2 (L/mg.min)

0.5871 0.015 0.3799 0.228837 0.947 0.0037 0.931 0.0004

Table 2. The comparative evaluation of adsorbent dosages for dye removal from wastewater

Adsorbents Dye Name Adsorbent Dosage (g/L) Percentage of Removal (%) References

Chitosan/Alumina Methyl Orange 1-12 92-99 (31)

Modified alumina Crystal violet 5 13-20 (32)

Kaolin Crystal violet 0.25-4 75-97 (33)

Pine cone Congo red 0.01-0.03 (32)13-19 (Dawood and Sen, 2012

Fly ash Methylene blue 8-20 45-96 (34)

Tea waste Basic yellow 2 2-20 2-20 (35)

MgO nanoparticles Acid Orange 7 0.1-1 81 Current study
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optimum amount of MgO nanoparticles for dye removal 
was 0.7 g/L. The cost of one kg of MgO nanoparticles is 
US$ 2560, therefore, it is estimated that the cost of dye 
removal will be US$ 0.148 per mg of dye.

Effect of HRT and temperature
According to the results, the increase of HRT in the 
range of 1 to 10 min had a significant effect on the dye 
removal efficiency using MgO nanoparticles (Figure 6b). 
Increasing HRT to more than 10 minutes, did not have a 
significant effect on dye removal. Therefore, the optimum 
HRT for removal of dye using MgO nanoparticles was 
determined to be 10 minutes. 
Figure 6c shows the effect of temperature on dye removal 
using MgO nanoparticles. Based on the results, increasing 
temperature had a negative effect on the dye removal 
efficiency using MgO nanoparticles. The variations in the 
removal efficiency of dye in wastewater can be described 
by the equation RE = -0.6352T + 95.34 with a correlation 
coefficient (R2) of 0.99, where, RE is dye removal efficiency 
(%) and T is temperature (˚C). Nigam et al reported that 
by increasing temperature, the removal of dye was slightly 
decreased when wheat straw, wood chips, and corn-cob 
shreds were used as the adsorbents. They also reported 
that 70 to 75% of the dye with an initial concentration of 
500 ppm can be removed by corn-cob shreds and wheat 
straw (36).
If the increase of temperature increases the dye removal 
efficiency using adsorbent, then, the adsorption is an 
endothermic process. There are two reasons for this 
endothermic process behavior: (a) the mobility of dye 
molecules is increased with increasing temperature and 
(b) at higher temperatures, the number of active sites in 
the endothermic adsorbents is increased (37). In contrast, 
if dye removal efficiency decreases with increasing 
temperature, the adsorption process is categorized as the 
exothermic process. The reason for exothermic behavior 
of adsorbents is the reduction of adsorptive forces between 
the dye and the active sites on the adsorbent surface (37). 
The results showed that the adsorption process of MgO 

nanoparticles is an exothermic adsorption. 

Isotherms
The equilibrium adsorption data of Acid Orange 7 onto 
MgO nanoparticles was analyzed using various isotherm 
models such as Freundlich, Langmuir, D-R, Temkin, 
Jovanovic, and Generalized isotherms (Figure 7). All the 
models were fitted by the equilibrium adsorption data. The 
best fitted isotherm was introduced based on the values of 
the R2 of the linear regression plot. As shown in Figure 7, 
the R2 of the Langmuir isotherm was greater than that of 
other isotherm models. This indicates that the adsorption 
of dye on the MgO nanoparticles was better described by 
the Langmuir model in comparison to the other models. 
In addition, adsorption occurs as the monolayer dyes 
are adsorbed onto the homogeneous adsorbent surface. 
The parameter of a in Langmuir isotherm, indicating 
the adsorption capacity was equal to 0.016 mg/g. The 
separation factor (S.F.) was calculated using Eq. (15) (38).

𝑆𝑆. 𝐹𝐹. =  1
1 + 𝐾𝐾𝐿𝐿𝐶𝐶𝑜𝑜

                                                                     (15)

where Co is the initial dye concentration (mg.L-1) and KL 
is the affinity of the binding sites. The S.F. was estimated 
to be 0.005. So, it can be concluded that the adsorption 
is favorable because its values were between zero and 
one (39). Table 3 shows different isotherm results of dye 
removal by various adsorbents. As can be seen in this 
table, Langmuir and Freundlich isotherms are the most 
commonly used isotherms to describe the dyes adsorption 
process on the adsorbents.

Nanoparticles removal from treated wastewater 
The separation of nanoparticles from treated wastewater 
is a serious challenge. There is no effective way for the 
removal and disposal of MgO nanoparticle from treated 
wastewater. Several studies investigated the fate of 
nanoparticles during wastewater treatment processes (48-
53). The product safety data sheet of MgO nanoparticles 
recommend that it should be dissolved or mixed with a 

Table 3. The results of different isotherm studies on dye removal using various adsorbents

Type of Adsorbents Dye Name Isotherm Model References

Chitosan Congo Red Langmuir (40)
Poplar leaf Methylene blue Langmuir (41)

Green alga Chlorella vulgaris Remazol black Langmuir (42)

Chitosan Methylene blue Freundlich (43)

Chitosan Reactive blue 19 Redlich-Peterson (44)

Pine leaves Methylene blue Langmuir and Freundlich (44)

Pine leaves Basic red 46 Langmuir (45)

Pine cone Methylene blue Langmuir (46)

Activated pine cone Congo red Freundlich (47)

Green alga Chlorella vulgaris Remazol black Langmuir (42)
MgO nanoparticles Acid orange 7 Langmuir Current study
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combustible solvent and burn in a chemical incinerator, 
equipped with an afterburner and scrubber. However, it 
seems that incinerator cannot work for a large amount 
of treated wastewater. Hou et al found that only about 
10% of nanoparticles can be removed from wastewater 
treatment plants during primary clarification (54). They 
also reported that during sequencing batch reactor (SBR) 
processes, some particular nanoparticles were effectively 
removed in each cycle. It was reported that majority of the 
oxide nanoparticles could be removed from wastewater by 
adhesion to clearing sludge or coagulation process (49). 
Kiser et al found that majority of the nanoparticles larger 
than 0.7 µm was removed from wastewater treatment 
using biological methods such as activated sludge (51). 
Although many studies have been carried out on the 
removal of nanoparticles from wastewater, the behavior 
of nanoparticles in wastewater treatment plants is still 
unknown. Therefore, this field of research is known as one 
of the major knowledge gaps for accurate environmental 
risk assessments of nanomaterials (55). 

Ultrasonic method + MgO nanoparticles and UV + MgO 
nanoparticles 
Combining different wastewater treatment methods may 
increase the removal efficiency of pollutants (56,57). 
Several studies have investigated the combination of UV 
radiation with other methods to increase the removal 
efficiency of pollutants since UV radiation alone cannot 
remove high levels of pollutants (56,58-61). In this 
study, ultrasonic method and MgO nanoparticles were 
simultaneously used to remove dye from wastewater. 
Increasing the M/D ratio increased the removal efficiency 
of dye from wastewater (Figure 8a). Based on the 
results, by increasing the HRT to 35 min, dye removal 
significantly increased when MgO nanoparticles have 
been used alone. Hence, the combination of ultrasonic 
method and MgO nanoparticles was not much effective in 
increasing the dye removal efficiency. Whereas, 60% and 
85% of dye were removed at HRTs of 10 and 50 minutes, 
when the combination of ultrasonic method and MgO 
nanoparticles was used.
Besides, the combination of UV radiation and MgO 
nanoparticles was also investigated in this study. It was 
revealed that by increasing the concentration of MgO 
nanoparticles, the dye removal efficiency increased 
(Figure 8b). This study showed that 81% of the dye 
was removed using MgO nanoparticles and 58% was 
removed by UV radiation. However, by combination of 
UV radiation and MgO nanoparticles, 98% of the dye was 
removed from the wastewater. These results indicate that 
UV radiation has a synergistic effect on the adsorption 
performance of the MgO nanoparticles. As shown in 
Figure 8c, increasing temperature had a positive effect on 
dye removal efficiency using combination of UV radiation 
and MgO nanoparticles. At temperatures between 20 
and 60°C, dye removal was the highest at 60°C using 

combination of MgO nanoparticles and UV radiation. 
In addition, at temperature of 60°C, 56% and 6% of the 
dye were removed using MgO nanoparticles and UV 
radiation, respectively. The mechanism involved in dye 
removal by the combination of MgO nanoparticles and 
UV radiation requires further studies. 
Figure 8d shows the dye removal efficiency using 
ultrasound at different temperatures. As shown in this 
figure, increasing temperature in the range of 20 to 70˚C 
had a negative effect on the dye removal efficiency. The 
highest dye removal using the combination of ultrasonic 
method and MgO nanoparticles occurred at temperature 
of 20˚C. 
The comparative evaluation of the MgO nanoparticles, UV 
radiation, and the combination of MgO nanoparticles and 
UV radiation is shown in Figure 8e and Figure 8f. As can 
be seen, the dye removal efficiency using the combination 
of MgO nanoparticles and UV radiation was two times 
higher than that obtained using these methods alone. 
Although, in M/D of 58.8, the dye removal efficiency 
of MgO nanoparticles and ultrasonic method + MgO 
nanoparticles were two times higher than that in M/D 
of 16.9 (Figure 8f). It showed that M/D was not only an 
important factor to use MgO nanoparticles for dye removal 
but also it was an important factor in the combination of 
ultrasonic method and MgO nanoparticles. 

Conclusion
In this study, the removal of Acid Orange 7 dye from 
synthetic wastewater using UV radiation, MgO 
nanoparticles, ultrasonic method, and the combination 
of these methods was investigated. Based on the results, 
by using the ultrasonic method for dye removal, 55 min 
was identified as the optimum HRT, while temperature 
was not an effective factor. The optimum conditions for 
dye removal using UV radiation were HRT of 70 min, 
UV radiation power of 170 mW/cm2, and temperature of 
10˚C. Also, the optimum conditions for dye removal using 
MgO nanoparticles were the ratio of MgO nanoparticles 
to the initial dye concentration by 67.2, HRT of 15 min, 
and the temperature of 20˚C.  The results of this study 
showed that UV irradiation and MgO nanoparticles 
respectively removed 58% and 82% of the dye from the 
wastewater under optimal conditions. Also, it was found 
that the combination of ultrasonic method and MgO 
nanoparticles had no significant effect on increasing the 
dye removal efficiency from wastewater. By combining 
these methods, the dye removal efficiency significantly 
increased up to 98%. Additionally, UV radiation had 
a synergistic effect on the dye adsorption process by 
MgO nanoparticles. The results of this study can be 
used to design and operate small and efficient industrial 
wastewater treatment systems. 
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