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Phosphorus (as phosphate ions) is an essential ingredient that is commonly used in
agriculture as both a fertilizer as well as in industry as a detergent which causes significant
water pollution. The nanomaterials are mainly involved in removing these ions due to their
high surface area. In this study, magnesium oxide nanoparticles (MgO NPs) has been
synthesized by microwave method. XRD, AFM and SEM were used to investigate the
synthesized MgO nanoparticles. The average particles size of MgO NPs calculated to be
range (25-39 nm), and has a cubic structure. The synthesized nanoparticles were tested to
remove phosphate ions from aqueous solutions. From the resulted, which found that at a
pH 12, temperature 298°C the highest adsorption efficiency of phosphate (72%) as a
contact time was 150 minutes. It was found that the adsorption mechanism was
spontaneous and endothermic by thermodynamic measurements. Generally, the data
indicated a good effectiveness of MgO in the removal of phosphate.
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1. Introduction

Efficient waste water disposal is a significant requirement for a rising economy in the
current age of shortages of water supplies [1-3]. The development and deployment of sophisticated
wastewater treatment systems with high performance and low capital requirements is crucial [4-7].

In water sources, nutrient overenrichment (especially nitrogen and phosphorus) has
increased eutrophication and facilitated the spread of toxic algal blooms worldwide, which pose a
significant threat to the availability of drinking water and the survival of aquatic habitats[8].

Phosphate pollution of surface water is a decline in the suitability of water for human use
and affects marine species. Absorption has drawn considerable interest among the potential
strategies used to eliminate (PO,)™ and studies have been performed investigating many new and
effective absorbents[9].Among numerous therapies, the interest of scientists has been drawn to
recent advanced processes in nano-material sciences[10]. nanotechnology is one of the important
technologies in this world [11,12]. It is concerned with the creation, manipulation, and application
of nanometer-scale materials [13-16]. It has numerous uses in a variety of sectors, including
energy, nanotechnology, and nanobiotechnology [17-21]. nanomaterial has a wide range of
applications in different fields like medicine, mechanics, industry, biomedical sciences,
environmental health, and engineering [22-25]. In this case scientists discusses the possible
advances of nanotechnology with regard to the handling of waste water [26], First, nana-
adsorbents[27], like activation carbon[28], carbon nanotubes (CNT) [29], manganese oxide
(MnGQ,) [30,32], zinc oxide (Zn0O) [32], titanium oxide (TiO,) [33] and iron oxides (Fe;,Om), are
utilized in the most prevalent application of heavy metals from waste water, have been used as the
first class nanomaterials in process wastewater treatment processes[34].

Second, The possibility of removing inorganic and organic pollutants has been shown by
nanoscale catalysts like photocatellist, electrocatalyst, fenton-based catalytic and chemical
oxidants[35]. Third, nanomembranes are utilized to efficiently eradicate colours, heavy metals and
filthy odors by the use of carbon nanotube membranes, electrospun nanofibers and hybrid nano
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membranes. [36,37]. The aim of this study included preparation MgO NPs by microwave method
and To test its effectiveness in removing pollutants from water.

2.1. Synthesis of MgO nanoparticles by Microwave Method

Magnesium oxide nanoparticles was prepared from (1:2 molar ratio) salt to base in
aqueous solutions of magnesium nitrate-6-hydrate (Mg(NO;),.6H,0) and Hexamethylenetetramine
(HMT) CgHiN, [MW= 152.26 g.mol™]. Each of the chemical reagents used were of analytical
purity.

Initially, 0.02 mole, 50 ml of HMT was added (drop by drop) to the 0.01 mole, 50 ml of
Mg(NOs),.6H,0 using de-ionize water as a solvent and the mixture was stirred for 10 min. then,
the solution was transferring to the microwave (SEVERIN-800) for 5 min at 700 Watts. A white
turbid precipitate was produced after microwave heating, indicating the forming of Mg(OH),,
Ultrasound treatment was applied for 35 minutes to the product after processing, precipitate
centrifuged for 10 minutes then washed many times with de-ionized water and ethanol. The white
precipitate was dried in an oven at 85 °C for 1 hours then calcination in furnace at 700 °C for 4 h
which gave a white precipitate has been collected from MgO NPs

2.2. Preparation of Phosphate solution

Dissolved (0.439g) in deionized water of potassium dihydrogen phosphate (KH2PO4) for
preparation of a stock solution of phosphate ion with a starting concentration of 1000 mg/l,
required to work solutions were generated by additionally diluting a stock solution of deionized
water for the different concentrations between 50 to 250 ppm phosphate at the required initial
concentratation.. Recipe and Preparation of pH (2.0-6.0) buffer by 0.2 M of Hydrochloric Acid (
HCI ) and 0.2M of Potassium Chloride (KCI) . the 0.1M of sodium carbonate (Na,COs3) and 0.1M
of sodium bicarbonate (NaHCOs) reagent used to hold pH (8.0-12.0) samples is the bicarbonate
buffer solution.

3. Results and discussion

3.1. X-ray diffraction (XRD)

The X-ray diffraction technique with an X-ray wavelength of Cu Ka radiation at a
scanning rate of 2 theta from 10°- 80°. The diffraction peaks of 20 = 36.49°, 42.64° and 62.14°
were recorded in the XRD pattern relating to diffraction phases (111), (200) and (220) respectively
as can seen in figure (1). The phase detection was conducted and can be indexed to cubic MgO
planes (JCPDS 43-1022), the average crystalline size (D) of a synthetic MgO NPs was calculated
by Scherer’s equation [15,16].
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Fig. 1. XRD pattern of MgO NPs.
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3.2. Atomic force microscopy (AFM)

The atomic force microscopy (AFM) was using to investigate the morphology of nano-
synthesized surfaces by (model AA3000, Angstrom Advanced Inc., USA). Figure (2a) illustrate
3D image of nanoparticles, MgO NPs has a hemispherical shape vertically comparable grains with
homogeneity of the surface while figure (2b) illustrate the Granularity accumulation distribution
chart Diameter (<=90% :39.00 nm ),(<=50%: 34.00 nm) and (<=10%: 22.00 nm), with average
grain size diameter:33.67 nm.
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Fig. 2. AFM of MgO.

3.3. Field emission scanning electron microscope (FE-SEM)

The Figure 3 reveals morphology of magnesium oxide nanoparticles that are demonstrates
the crystalline existence of MgO NPs having particles size approximately ~25 nm which is
complying with average crystallite size ( D ) obtained by XRD using Scherrer’s equation. Where
through an image we notice a smooth surface and the presence of high pores on the surface and
that the particles do not contain any clumps.

Fig. 3. FE-SEM MgO nanoparticles.

3.4. Adsorption study

3.4.1. Determine the time required for equilibrium

To finding the contact time between the adsorbate and adsorbent at equilibrium, the
appropriate concentration of phosphate ion was determined and placed in contact with 0.01 gm of
MgO and 50 ml of 100 ppm of phosphate ion at 25°C in the shaker, in successive periods of time
and analyzed. To find out the change in concentration with the passage of time, the time required
for equilibrium to occur was 150 minutes, the reason for the high equilibrium time is due to the
nanomaterial prepared for binding to the phosphate ion.

3.5. Effect of Temperature
The temperature effect on the adsorption of (PO,)® was studied at (25,35,45,55) °Cand it
was found that the amount of adsorption increases with increasing temperature as see in figure (4),
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meaning that the process is of the endothermic type ( physical adsorption) . The reason for this
may be attributed to the fact that the adsorption is accompanied by an absorption process [38,39] ,
whereby the adsorbed particles diffuse into the pores and the crystal network of the nanomaterial
and the speed of their diffusion increases with increasing temperature. Such behavior is attributed
to the occurrence of the sorption process and this is an endothermic process.
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Fig. 4. Effect of time on the Adsorption of phosphate ions by different temperatures.

3.6. Effect of PH

The acidic function of phosphate ion removal was studied by using 0.01 gm of MgO NPs
and 50 ml of 200 ppm of phosphate ion at a pH ranging between (2-12). The pH value affects the
effective adsorption sites on the adsorption surface as for the basic medium, the adsorption rate
increases on the surfaces of the adsorption materials, and the best results for adsorption are
achieved in the basic media, the figure (5) domonstrates effect of the acidic function on the
percentage of (PO,)* adsorption [40,41] .
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Fig. 5. Effect of PH on the Adsorption of phosphate ions.

3.7. Adsorption isothermal

In this study two types of isotherms were used, Figure (6) illustrates Langmuir and
Freundlich isothermal models will model with experimental data for phosphate ion (PO,)®
adsorption from their solution [42-43] .Equation (2) gives the Langmuir isotherm

Ce 1 ,Db
o —aTaCe 1)
where a and b represent the Langmuir constants , C is (PO,)® concentration at equilibrium while
Qe describes the quantity of adsorption corresponding to monolayer adsorption. In the solutions,
the Langmuir equation was used to calculate the adsorption curves of (P), as can be seen in
relation between (C,) versus (C./Qe) in Figure (A).

The Freundlich equation[44]

log (Q.) = log( k¢ ) + (3) log (C.) @
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where kr and n showed the Freundlich constants, which are the adsorption capacity and the
adsorption intensity. On heterogeneous surfaces for adsorption, the Freundlich equation was
developed and the adsorption curves of (PO,)® were modified to a Freundlich equation as shown
in the relationship between (In Q, ) versus (In C,). According to the data results (A and B), (PO,)™
adsorbs using the Freundlich equation, which is suitable for surface multilayer adsorption.
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Fig. 6. Adsorption curves of (A) as Langmuir isotherm, (B) Freundlich isothermal at 298 K.

3.8. Thermodynamic study

An adsorption process thermodynamic analysis was done in this study. The effect of
temperature on phosphate adsorption was studied use nano-adsorbent MgO synthesized in the
range of 25-55°C as show in Fig.7.
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Fig. 7. The relation between log X, and 1/T for the adsorption of (PO4)*

The (AG), (AH) and (AS) of adsorption were estimated using equations (4 , 5) to anticipate
the process of adsorption.

_ -AMH &S
logxm = 2.303R R (3)
AG = AH — TAS 4

where x,, is the maximum adsorbate concentration ( mg/g), R is the gas constant (8.314 J/mol =
K) and T is the temperature (K). As seen in Figure(8) AH was calculated from the slope of the van't
Hoff plots of log (x,,) versus (1/T) and (AS) was calculated from the (y axsis) intercept . the
value of AH form slope was 4.4 KJ\mole , which indicated the adsorption was endothermic. The
AS from intercept was 19.08 J(mol*K) that indicated The adsorbed particles are in constant motion
on the surface. The AG was — 1.8 KJ\mole at 328 K , which mean the adsorption is spontaneous
[45,46].
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4. Conclusion

In this study, Phoshate ions remove from aqueous solutions using magnisum oxide
nanoparticles, MgO NPs prepared with average crystallite size (15.38) nm from XRD , grain size
(33.67) nm from AFM and (25) nm from SEM . To that end, the influence of different parameters
is analyzed (as different pH, contact time and temperature) were studied. The experiments have
shown that pH = 12 was the perfect conditions to remove the phosphate ion the highest rate of
phosphate ion adsorption was estimated to be 72%. Langmuir and Freundlich isotherm models
were used to analyze the equilibrium activity of the (PO,)® ion removal process.The results
revealed that Freundlich isotherm models would reliably characterize the adsorption process'
equilibrium behavior. Thermodynamic parameters for Phoshate ion adsorption mechanism were
also obtained, adsorption mechanism was found to be attractive physical, endothermic and
spontaneous.
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