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Abstract Water pollution due to discharge of dye containing effluents is one of the environmental problems of
serious concern today. The main purpose of study is to investigate the efficiency of magnesium oxide nanoparticles
(MgO-NPs) on the removal of Reactive blue 19(RB19) from its aqueous solution. The influence of various process
parameters such as pH (3 — 11), dosage of MgO-NPs (0.3 — 2.3 g/L), contact time (20 — 150 min), and concentration
of RB19 (50 — 200mg/L) was studied using batch adsorption technique. Thermodynamic parameters were also
evaluated. The maximum RB19 removal efficiency of 81% was reached at an optimum contact time of 60 min, pH
3, MgO NPs dosage of 1.5 g/L, and initial RB19 concentration. RB19 adsorption on MgO NPs was found to depend
on the pseudo-second-order kinetic model which indicates a chemisorption process. The Freundlich adsorption
isotherm model best described the removal of RB19 on MgO NPs. The adsorption process was found to be
favourable since the intensity of adsorption, n (0.35) lies within 1 to 10. The maximum monolayer adsorption
capacity, gn, of 7.9 mg/g was obtained. The RB14 adsorption was also found to endothermic in nature. The
efficiency was decreased with an increase in temperature implying the process should be performed at a controlled
temperature. Results obtained showed that the MgO-NPs could effectively remove RB19from the RB19 containing
effluent.
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1. Introduction

The use of the different kinds of the colors and chemical materials in dyeing processes causes
significant creation in wastewater features of industries such as the difference in color, pH and
chemical materials [1]. The discharge of colored wastewater into the environment and aquatic
ecosystem prevents the penetration of light into the water depth [2, 3]. This can also cause a
disturbance in the process of photosynthesis and destruction of the aquatic plants [3]. Besides, most
of the consumable dyes used by the textile industries have an organic origin and have been mostly
made from diazo, phthalocyanine and anthraquinone salts that have benzene loop that can be toxic
and carcinogenic in nature [4, 5]. Reactive dyes are one of the most common dyes consumed in
textile industries after azo colors group [6]. Reactive blue 19 (RB19) also known as Remazol
Brilliant blue is an anthraquinone dye used by the textile industries [1, 7]. Therefore, the removal of
the dye from wastewaters is necessary.
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Researchers have proposed several treatment methods for the removal of dyes from contaminated
waters which include flocculation [8], coagulation [9], adsorption [10, 11, 12], advanced oxidation
process [13] and fungal decolorisation [14, 15] and other processes. The adsorption process is the
most preferred and widely applied method in industries for eliminating organic compounds [11].
Also, in adsorption, the production of harmful byproducts do not occur [9]. The most commonly used
adsorbing materials are the activated carbons but cannot be easily regenerated [16, 11]. Nanoparticles
(NPs) are referred to particles with a diameter of less than 100 nm [17]. Today NPs are widely used
in different industries such as textile, polishing paint and oil, and diagnosis of diseases [18]. So
research on nanotechnology and its development have also been increased extremely. Its potential is
as a result of its unique physicochemical properties in nanoscale [17]. Magnesium oxidenanoparticles
(MgO NPs) are basic oxides group and have provided a wide range of application in adsorption
process [19]. The most important characteristics of MgO NPs are availability, low cost, non-
volatility, non-toxicity, stability, reusability, adsorption capacity and high reactivity [20]. MgO NPs
are widely used as a catalyst, treatment of hazardous materials and resistant materials [21].

The main purpose of the study is to investigate the efficiency of MgO NPs on the removal of RB19
from its aqueous solution. The influence of various factors such as the contact time, MgO NPs
dosage, initial pH and initial concentration of RB19 were studied, and their optimum conditions were
also determined to enhance the RB19 adsorption efficiency. The isotherm, Kkinetic and
thermodynamics of the adsorption process were also studied.

2. Materials and Methods

2.1. Materials

All the chemicals used in the present study were of analytical grade and were procured from Sigma-—
Aldrich Co, Germany. The MgO nanoparticles (MgO NPs) with 98% purity and particle size of 50
nm were purchased from Sigma-Aldrich and were used without any further treatment. In this study,
RB19 (chemical formula: CyHisN,Na,O.;S; and molecular weight: 626.54 g/mol), an anionic dye
was used as the pollutant. The chemical structure of RB19 is shown in Figure 1.

2.2. Instrumental characterization of the adsorbent (MgO NPs)

Scanning electron microscopy (SEM) was used to determine the surface morphology of MgO NPs via a SEM
machine (HITACHI Model S-3000H). The X-ray diffraction was done using an XRD machine (SMART Lab) to
determine the crystalline property and diffraction pattern of the adsorbent.
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Figure 1: The structure of RB19 dye

2.3. Point zero charge of the MgO NPs

One of the most important features of an adsorbent is the point zero charge, pHzpc. The point where the charge on
catalyst surface is zero is the point of zero charge [22]. The pHzpc of the MgO NPs was determined according to the
method described by [22]. To determine the pHzpc, 50 ml of potassium nitrite (0.01M) was added to Erlenmeyer
flasks and the pH was adjusted in the range of 2 to 14 and NaOH. Then, 0.2g of NPs was added and mixed in a
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shaker at 180 rpm for 24 h. After the stirring, the final pH was measured using a MIT65 pH meter. The intersection
point of the curve (change of pH versus initial pH) was recorded as pH

2.4. Batch Adsorption Studies

A stock solution of RB19was prepared by dissolving a known mass of dye in 1L of doubled distilled
water where other concentrations (50, 90, 100, 120, 150, 180, 200 mg/L) for the study can be
prepared by dilution. The pH, MgO NPs dosage, initial dye concentration, contact time and solution
temperature were varied to study their effects on the adsorption of RB19 on MgO NPs. Batch
adsorption experiments were carried out by using 250 mL Erlenmeyer flask. For each adsorption test,
100mL of the dye solution with a certain concentration was added into the Erlenmeyer flask and a
certain dosage of adsorbent was added to the flask and then mixed with the magnetic stirrer
(MODEL: MSH basic) at 180 rpm for a specified time. The initial and final RB19 concentrations
remaining in solutions were analyzed by a UV-visible recording spectrophotometer (Shimadzu
Model: LUV-100A), Construction Japan and were determined at a wavelength of maximum
absorbance, Anax = 595 nm. The removal efficiency, R (%) and the amount of RB14 adsorbed,
ge(mg/g) of the studied parameters were calculated based on the following formulas [23, 24]:

C,-C
%R :Mloo (1)
CO
(CO _Ce)v
=70 “Zel” 2
Qe M )

Where C, and Cs is the initial and final RB19 concentration, respectively, C. is the final equilibrium
liquid phase concentration of RB19 (mg/g), M is the mass of adsorbent (g) and V is the volume of
the RB19 solution (L).

2.5. Adsorption Kinetics

Kinetic models are used to examine the rate of the adsorption process and the potential rate
controlling step

The pseudo-first-order rate equation is expressed as [23]:

k
Lo —-g,)=Lo ——1 1t 3
9(d. —a,) a(q,) 2303 (3)

Where ¢, and q; are the amounts of RB14 adsorbed (mg/g) at equilibrium and time t (min),
respectively, and k; is the rate constant of adsorption (min'). Values of k, were calculated from the
slope of plots of log (ge — q¢) against (t) at different concentrations.

The pseudo-second-order rate equation is given as [25]:

t 1 t

—_— = > + —_—
. k,9° qe
Where k, is the second order rate constant (g mg'min™), g, and g, are the amounts of RB19 adsorbed on the
adsorbent (mg/g) at equilibrium and at time t respectively.

(4)

2.6. Adsorption Isotherm

There are many isotherm models for experimental data analysis and description of equilibrium in
adsorption such as Langmuir, Freundlich, and Tempkin. The Langmuir isotherm is based on single
layer and homogenous adsorbed material with the same energy on the surface. The Langmuir
isotherm model is presented as [26]:
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Where q,, is the maximum adsorption capacity (mg/g), g. is the amount of adsorbate adsorbed on
adsorbent (mg/g), K. is the Langmuir isotherm constant related to the affinity of the binding sites and
energy of adsorption (L/mg). The essential specifications of a Langmuir isotherm can be expressed in
the idiom of a dimensionless constant separation factor or equilibrium parameter, R_ which is defined
as [10, 25, 27]:
R =+
1+K,C,
The R_ values indicates whether the isotherm is either favorable (0< R < 1), unfavorable (R_> 1),
linear (R_= 1) or reversible (R_= 0) [10, 28].
Freundlich isotherm was calculated using a heterogeneous surface with non-uniform distribution of surface
adsorption heat. The Freundlich isotherm is given by[25, 26]:

®)

(6)

Logq, = 1 LogC, + Logk, )
n

Where ¢, is the amount of RB19 adsorbed (mg/g), Ce is the equilibrium concentration of RB19 in
solution (mg/L), and K; and n are the constants incorporating the factors affecting the adsorption
capacity and intensity of adsorption, respectively.

With regards to possible interactions between adsorbent and adsorbate species, the adsorption theory is
corrected. The heat of adsorption of all molecules in the adsorption layer is linearly reduced by the amount of
coating. The Tempkin isotherm has been expressed by the following equation [29]:

g. = B,Ln(A; )+ B,In(C,) @)
A plot of g. versus Ln C, enables the determination of the constants Ar and Br. Bt is the heat of
sorption and Ar is the equilibrium binding constant.

2.7. Thermodynamics Study

The three basic parameters for thermodynamic study arethe standard enthalpy (AH®), Gibbs free
energy (AG) and standard entropy (AS®). The free energy change can be determined by the
following relation [26, 30]:

AG? =—RT InK 9)
Where K is the equilibrium constant, T is the temperature in (K), R is the universal gas constant. The free energy
change can be expressed in terms of enthalpy change of sorption as a function of temperature as follows [29, 30]:
AG® = AH® — TAS° (10)
Where R is the universal gas constant (8.314 J mol'K™), T is the temperature (K) and K is the
distribution coefficient. The AH%and AS°values were derived from the linear plot of Ln K against
1/T, which are the slope and intercept of the graph linear equations, respectively. The sorption
behaviors of different RB19 concentrations onto MgO NPs were critically investigated at 293, 313,
and 308 K. Thermodynamic parameters were calculated from following equations 11 and 12 [30]:
AS°® AH°

R RT

Lnk, = 11)

K =Y (12)

Where C, is the equilibrium concentration of RB19 and g, is the amount of RB19 adsorbed per unit weight of MgO
NPs at equilibrium concentration (mg/g).
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3. Results and Discussion
3.1. Characterization of the MgO nanoparticle

The specific surface area is one of the parameters determining the adsorption capability of an adsorbent substance
and when the specific surface area of the absorbent substance is high, the absorbent will have more pores leading to
higher level of contact with the adsorbate [31]. As it is clear in the SEM picture (Fig. 2), the prepared adsorbent has
a very high porosity for trapping the dye pollutant on its surface. The XRD image showed that the maximum peak is
around 43° with exceedingly high intensity. The presence of broad peaks on the XRD image proves the crystalline

nature of MgO NPs,
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Figure 2: (a) SEM plate and (b) XRD patterns of the MgO NPs

3.2. Effect of pH

The pH is an important parameter on adsorption processes. The effect of different pH(in the range 3-
11) on the adsorption of RB19 at the contact time of 60 min is shown in Figure 3. The results shows
that at pH 3, RB19 removal was increased. The RB19 is anionic and the MgO NPs pHzyc obtained
was 12.4. At pH less than pHzc, the catalyst had a positive charge. In acidic pH, electrostatic
adsorption between RB19 negative ions and positively charged catalyst increased, therefore, the
increase in efficiency of removal [6, 32]. From pH 7-11, the concentration of OH ions increased,
therefore, competition between them and the anions increased. The efficiency of removal decreased
because of the repulsive force between the negative charged catalyst and RB19 anions [6, 33].
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Figure 3: Effect of pH on percentage removal of RB19
(Time: 60 min, dosage: 0.9 g/L, RB19 concentration: 50 mg/L)
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3.3. Effect of adsorbent dosage

The effect of adsorbent dosage on the removal of RB19 was studied by varying the dosage of adsorbent from 0.3 to
2.3 g/L at optimum pH (3) and dye concentration 50 mg/L. From Figure 4, it is evident that the dosage of adsorbent
significantly influences the amount of RB19 adsorbed. The percentage of RB19 removal steeply increased with the
adsorbent loading up to 1.5g/L. Increasing the MgO NPs resulted to more production of hydroxyl radicals because
of the increase in the active adsorption sites and free electrons in the conductive bond, so an increase in efficiency of
removal [34, 35].
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Figure 4: Effect of adsorbent dosage on percentage removal of RB19
(Time: 60 min, pH: 3, dye concentration: 50mg/L).

3.4. Effect of initial concentration

To determine the effect of initial RB19 concentration on the adsorption process, the initial concentration of RB19
was varied from 50 to 150 mg/L at the optimum pH 3, adsorbent dosage of 1.5¢/L and contact time of 60 min. As
presented in Fig.5, the maximum efficiency was achieved at an initial RB19 concentration of 90 mg/L. The RB19
removal efficiency on MgO NPs was increased from 58.16% to 79% by increasing the initial concentration of RB19
from 50 to 90 mg/L and it is decreased from 79% to 78.43% removal efficiency. The results showed that the effect
of initial RB19 concentration reduced the removal efficiency when the concentration was increased. It is because of
the limited adsorption sites which will be saturated more quickly and thus the reduction in removal efficiency [36].
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Figure 5: Effect of RB19 concentration on percentage removal of RB19
(Time: 60 min, dosage: 1.5g/L, pH: 3)
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3.5. Effect of contact time and temperature

Figure 6 shows the effect of contact time (20, 40, 60, 80, 120, 150 min) and solution temperature (293, 313, 308 K)
on the percentage removal efficiency of RB19 on MgO NPs at constant initial RB19 concentration of 90 mg/L and
optimum adsorbent dosage of 1.5 g/L and optimum pH 3. By increasing the contact time, the efficiency of RB19
depletion was increased. The rapid increase in the depletion efficiency at the early time is that by passing time, the
made cavity and corrosion on MgO NPs level will be expanded and so the increase in the cross-section of adsorption
efficiency [20, 21] is consistent with other studies [20].
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Figure 6: Effect of contact time on percentage removal of RB19
(RB19 concentration: 90 mg/L, dosage: 1.5g/L, pH: 3)

3.6. Adsorption Kinetics

The kinetic parameters and correlation coefficients (R?) for each kinetic model are presented in Table 1. The R? of
the pseudo first second-order model was low (0.8206, 0.7858 and 0.7639at 298, 313 and 323 K respectively) which
depicts low correlation with the RB19 adsorption process. The pseudo-second-order model showed suitable
correlation for RB19 absorption on MgO NPs. The R? of kinetic models suggested that the pseudo-second-order
model mechanism is predominant which means the uptake process follows the pseudo-second-order kinetic model
expression with R® of 0.9949, 0.9828 and 0.9829 at 298, 313 and 323 K respectively, which proposes a
chemisorption process [10].

Table 1: The adsorption kinetic model constants for the removal of RB19

Temperature Pseudo-second-order Pseudo-first-order
(K) KZ Qe R2 KL Qe R2
298 0.003 49.26 0.9949 0.025 16.62 0.8206
313 0.100 34.24 0.9828 0.004 6.720 0.7858
323 0.007 22.62 0.9829 0.005 11.24 0.7639
10 *K°298 ®K°313 A K°323
38
> R2=10.9829
S
(@]
c R2=0.9828
E4
<3
=2 R2=0.9949
0 T T T T T 1

0 30 60 90 120 150 180
Time(min)
Figure 7: Pseudo-second-order model plot of RB19 adsorption on MgO NPs
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3.7. Adsorption Isotherm
The compliance of the Freundlich, Langmuir and Temkin models with the equilibrium experimental
results studied. The correlation coefficient of the Freundlich isotherm model was higher than other
models (R? = 0.924). This implies that the equilibrium adsorption data complied with the Freundlich
isotherm model. Also, the intensity of adsorption, n-value (0.35) lies within 1-10 revealing the
favourability of the RB19 adsorption process [28].
Table 2: The adsorption isotherms constants for the removal of RB19 on MgO NPs

Langmuir isotherm Freundlich isotherm TemkKin isotherm

Ki om RL R’ K¢ n R’ Br Ar R’

002 79 03 0.604 0.002 0.35 0.924 73.6 2.8 0.864

2.5

Logge
L 4

[E=y
I

0 T T
1 1.2 L(Bgfte 1.6 1.8

Figure 8: Freundlich model plot of RB19 adsorption on MgO NPs

3.8. Thermodynamic study

The three thermodynamic parameters of RB19 adsorption on MgO NPs are shown in Table 2. AH® was found to be
6.332 KJ/mol. AG® values were obtained as 12.29, 12.59, 12.79 KJ/mol temperatures at temperatures of 298, 313,
323K, respectively. The positive value of AH® and state that the process of RB19 adsorption is endothermic,
respectively. Positive small values of free energy indicate a non-spontaneous process of the biosorption which could
be promoted by performing the adsorption process at controlled temperature [37, 38]. Also, the negative value of
AS® was caused by the decrease in the efficiency of the reaction to a higher temperature [36].

Table 3: Thermodynamic parameters for the adsorption of RB19

Temperature (K) AG® (KJ/mol) AH° (KJ/mol) AS® (KJ/molK)
298 12.29

313 12.59 6.332 -0.02

323 12.79

4. Conclusion

In this study, the ability of magnesium oxide nanoparticles (MgO NPs) on reactive blue 19 (RB19)
adsorption efficiency was studied and the impacts of the process parameters that is, contact time, pH,
adsorbent dosage and initial RB19 concentration were investigated. It has been observed that the
adsorbent was able to remove the RB19 efficiently. The maximum removal efficiency at the
optimum conditions (time = 60min, pH = 3, dosage = 1.5¢/L) was found to be 81% for MgO NPs.
The Freundlich adsorption isotherm and the pseudo-second-order Kkinetic models best described the
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removal of RB19 on MgO NPs. RB19 adsorption on MgO NPs was found to be endothermic in
nature. The negative AS’ and positive AG® was caused by the decrease in the efficiency of the
reaction to higher temperature. Conclusively, this method can be used as for treatment of -
contaminated wastewaters.
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