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[bookmark: _Toc81307300]Abstract 
	
In this study, the adsorptive removal of Alizarin red S (ARS) model molecule as organic pollutant from the aqueous solutions onto two different commercial nanoparticles of nickel oxide (NiO) and magnesium oxide (MgO), respectively, has been studied. Many factors were included in this study showing the effect of each factor on the path of the effective adsorptive process for the model molecule using the current mentioned nanoparticles, for instance initial concentration of the solution, pH of the solution, contact time, and the adsorbed quantities of the model molecule on these nanoparticles. These factors were classified under three main categories as isotherm study group, thermodynamics study group, and kinetics study group covering all the elements mentioned previously that were required to be studied and fulfilled in order to evaluate the effectiveness of the adsorptive removal of Alizarin red S. Each study group has been scoped out within an arrangement of batch mode experiments. The adsorption of Alizarin red S as organic contaminant by both NiO and MgO nanoparticles was significantly fast, clear, and effective at low concentrations reaching equilibrium within five minutes merely for the MgO nanoparticle and about three minutes for the NiO nanoparticle, where the adsorption equilibrium data fitted perfectly with the Sips adsorption isotherm model. The maximum uptake for adsorption removal was maintained at 25 mg adsorbate per g adsorbent for MgO nanoparticle while 30 mg adsorbate per g adsorbent for NiO nanoparticle. Thus, illustrating a great opportunity to divert the idea of the project into applicable industrial application using these nanoparticles for this kind of organic pollutant. The pH effect on the adsorption capacity was not related directly to each other, where the best adsorption capacity removal was at around neutral pH of seven. Also, the thermodynamic parameters such as the changes in enthalpy, entropy, and Gibbs free energy were determined experimentally, indicating that the adsorption process for Alizarin red S using NiO nanoparticle was spontaneous since it was exothermic while was endothermic for MgO nanoparticle. The regeneration process has shown that the NiO can be employed effectively for the adsorption of the organic Alizarin red S contaminant repeatedly without affecting the adsorption capacity as MgO nanoparticle did, thus indicating the sustainability of NiO nanoparticle.         
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	Abbreviation	
	Full Name 
	Unit

	NiO
	Nickel Oxide
	

	MgO
	Magnesium Oxide 
	

	XRD
	X-Ray Powder Diffraction
	

	ppm
	Part Per Million 
	g/ml 

	RO
	Reversed Osmosis 
	

	UV-Vis spectrophotometer
	Ultraviolet Visible spectrophotometer 
	

	TGA
	Thermogravimetric analysis
	

	R%
	Removal Percentage 
	

	Co   is the equilibrium concentration of the adsorbate in the solution (mg/L).

	Initial Concentration Of The Adsorbate
	mg/L

	Ce
	Equilibrium Concentration Of The Adsorbate In The Solution
	mg/L

	rpm
	Revolution Per Minute
	rpm

	ΔG⁰
	Change in Gibbs Free Energy
	kJ/mol

	ΔH⁰
	Change in Enthalpy
	kJ/mol

	ΔS⁰
	Change in Entropy
	kJ/mol

	R
	Universal Ideal Gas Constant
	J/mol*K

	T
	Temperature 
	K or ℃
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Water as a major source for all living creatures and organisms over the planet for living and existing makes the water problems issues a very vital theme to be discussed recently. Nowadays the three causes for the global fear over the water topic is divided for three criteria’s, where firstly the enormous consumption of water recourses due to the fast growth of the population, secondly the contamination of many water sources and the decline in the freshwater quantities, and finally the development of the recent industrial processes which require large amounts of water. Besides the presence of these problems as a fact, yet still significant quantities of wastewater are disposed to the environment without any kind of treatment thus, avoiding the reuse of the wastewater. As a result, water treatment is considered as a problem solver for the wastewater disposed of, converting wastewater into clean safe water, for different uses such as for agriculture and industrial sectors. The two pollutant groups that are present in the industrial wastewater effluents are organic and inorganic pollutants such as dyes, pesticides, fertilizers, chemical warfare agents, phenolic compounds,  from food and pharmaceutical industries as organic pollutants, and heavy metal ions as cadmium, copper, zinc, chromium, and many other metal ions that may exist in wastewater effluents as inorganic pollutants. The accumulation of these pollutants either organic pollutants or inorganic pollutants without any kind of treatment before getting rid of them to the environment even at low concentrations causes a severe problem to the human and living creatures health and marine ecosystems as well as it directly affects the environment considering it hazardous. Thus, leads to a fast and effective intervention to invent efficient methods and technologies that may cope and improve the performance of current technologies. Currently, many physical, chemical, and biochemical process are used for wastewater treatment. For instance, these techniques that are used recently as wastewater treatment processes for the removal of organic and inorganic contaminants are chemical coagulation, electro-coagulation, biosorption, hybrid flotation, bioremediation, precipitation, reverse osmosis, advanced oxidation, and ion exchange [1]. Although and besides the presence of all these methods and techniques, yet the application with these techniques has some constraints dealing with the high capital and operating costs and their ineffectiveness in accomplishing the target and the standards. Besides all the afore mentioned wastewater treatment methods, adsorption has been considered as the one of the most widely used and one of the simplest treatment processes for the removal of contaminants from water.[2]. 
Recently nanotechnology has presented great and promising performances in the wastewater treatment and recycling processes, showing an excellent performance in pollution removal and toxicity mitigation, where recent and new studies have proven the sole chemical and physical characteristics and properties of nanoparticles as adsorbents. Related to the topic it was also confirmed that metal oxide-based nanoparticles are efficient adsorbents for the aim of getting rid of organic and inorganic contaminants in different kinds of wastewater, since having good features and properties such as high adsorption capacity, fast kinetics, and can be regenerated and used for many cycles [1]. 
The appearance of nanoparticles as adsorbents and catalysts (nanosorbcats) in the wastewater treatment field has been revealed latterly where these nanosorbcats could act as nanoadsorbents for the removal of pollutants and as nanocatalysts with subordinate regeneration by thermal oxidation or steam gasification [3]. Moreover, for the progression in this newly discovered field is the presence of large numbers of different adsorbents which have been investigated to be very effective for the removal of toxic environmental pollutants such as activated carbon, carbon nanotubes, graphene, metal oxides, etc.,  containing special properties and characteristics making these adsorbents with special features that are beneficial for the wastewater treatment purpose and achieving the aim and the target of getting rid of pollutants and contaminants. For instance, these adsorbents have high surface-area-to-volume ratios thus leads to the accumulation process of large quantities of pollutants. Moreover, these nanoparticles should be naturally abundant, inert, biocompatible, highly stable, and reach adsorption equilibrium time in a short period [4]. 
Metal oxides as one type of the adsorbents mentioned previously and according to the studies and research have been documented to possess tremendous potential for adsorptive wastewater treatment, by their large surface area, porous structures, thermal stability, easy recovery, low toxicity, the presence of Lewis acid-base sites, O-vacancy sites, and defects on the surface. In addition to that, the development of the hierarchical metal oxides has further improved the efficiency of removal of pollutants using metal oxides, where the hierarchical structures are self-assembly of nanostructure that allows decent mechanical strength and enhanced regeneration capabilities [4].  
As mentioned previously the increment in the industrial activity nowadays requiring enormous quantities of water for the accomplishment of these industries such as pharmaceutical industry, paints industry, fertilizers and pesticides industries and many other chemical industries generating discharged wastewater full of many pollutants either these pollutants are inorganic or organic pollutants. For instance, all heavy metals as chromium, cadmium, cobalt, zinc, copper, lead, mercury, iron, calcium, magnesium, silver, aluminum, sodium, potassium, nickel are all considered as inorganic pollutants, while pharmaceuticals residues, pesticides, fertilizers, phenolic compounds, residues of living creatures, and dyes are all considered as organic pollutants [5]. Different routes exists for the treatment of the effluents containing each kind of these pollutants which will be elaborated comprehensively in the next part. 
Alizarin red S, 1,2-dihydroxy-9,10-anthra-quinonesulfonic acid sodium salt, as an anionic dye is considered to be an emeging organic pollutant since it is skin irritant, mutagenic, and carcinogenic,  where enormous quantities of this kind of dye-contaminated wastewater are released to the environment from many different sources such as cosmetics, pharmaceuticals, plastics, and textile industries. Alizarin S has a complex aromatic structure as shown in Figure 1, which gives it thermal, optical, and physiochemical stability and thus could not be easily biodegraded by natural substances. Also, it is a strong oxidizing agent and water-soluble. The powder form of this molecule is shown in Figure 2.
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[bookmark: _Toc80628625][bookmark: _Toc81302253]Figure 1: Alizarin red S chemical structure
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[bookmark: _Toc80628626][bookmark: _Toc81302254]Figure 2: Alizarin red S powder
In this brief review, the application and efficiency of nickel and magnesium oxides for the removal of alizarin red S as an extremely toxic dye source in wastewater which is classified as an organic pollutant have been discussed. The effect of different factors on this study such as adsorbent dosage, initial pollutant concertation, pH, and temperature on the adsorption process has also been discussed. In addition to that the review presents experimental and computational studies (modeling the experimental results) on the removal of that kind of dyes with the mentioned nanoadsorbents, emphasizing  the mechanism of the adsorption process and adsorption efficiency of each nanoadsorbent corresponding to the dye. Likewise, adsorption kinetics, reusability, and adsorption isotherm models for the adsorption process have also been debated [4]. 

[bookmark: _Toc81307306]2. Literature survey
[bookmark: _Toc81307307]2.1 Wastewater problems

Water pollution and water scarcity are the most challenging problems that scientists, engineers, environmentalists, and decision-makers try to solve nowadays [6]. These problems have been rapidly growing based on fast industrialization and modernization worldwide [6]. 
Wastewater is a global concern due to its impact on the environment, human health, and economy [7]. There are many problems related to human health, as many pollutants cause irritation for skin, hair, nail loss gastrointestinal, liver problems, or until it may affect fish life and loss of aquatic resources [7].
The fast-growing demand for water because of increased population and industrial activities will generate more and more wastewater, and thus, will increase the problems related to the wastewater [8]. Globally the agricultural activities are responsible for 70% of freshwater demands producing enormous quantities of wastewater containg many chemicals, dyes, fertilizers, pesticides, residues of living organisms, heavy metals, and organic pollutants, also industrial wastewater is responsible for 25% of wastewater pollution as the expected cost for industrial treatment forecast to be around 4.6 billion dollars during 2020-2024 wastewater caused many problems around the globe like damaging the eco system and increase the emissions that related to the climate change such as methane (CH4) and nitrous oxide (N2O) [9].
Globally, 80% of wastewater discharged without treatment [9]. Not to mention, most wastewater is discharged to the seas and oceans or leaked to underground water, which is a destructive thing for aquatic and freshwater resources [9]. This inappropriate disposal of wastewater is harmful to human beings due to the toxic and pathogenic organisms in wastewater [9]. Therefore, scientific, and applied communities must work together to find innovative solutions that can be easily integrated with conventional wastewater treatment technologies [9].

[bookmark: _Toc81307308]2.2 Wastewater treatment techniques

Most pollutants are organic such as dyes and inorganic such as heavy metals that exist in wastewater are classified as toxic and carcinogenic. Many organic pollutants like dyes, polar compound, amines, etc., pose real environmental problems [10]. Therefore, there are many techniques based on physical and chemical processing where table 2 summarizes different chemical and physical technologies for wastewater treatment. As for chemical processing which has been widely developed for conventional wastewater treatment, is applied to non-discrete particles within the system of treatment such as, chemical oxidation, reduction reaction, membrane-based separation, adsorption, oil-water separation [11, 12]. While the  physical one, which is focused on the separation of discrete particles within the system like, filtration and physical treatment [11, 12]. Considering different techniques for wastewater treatment process, and despite their good result in this application domain, there are certain drawbacks due to high operating cost, low efficiency for low contaminates concentration. However, adsorption technique is considered as the most effective, simples and economical method for the removal of toxic dyes and contaminates [10]. In addition, adsorption is regarded one of the best choice for dye removal within the presence of small amounts in water (less than 1 ppm) is regarded as highly visible and unwanted [13]. Adsorption can be defined as an equilibrium separation process and operative technique for contaminant removal [13]. This technique has been adopted as so efficient in terms of initial cost, flexibility and simplicity of design, ease of operation, and intensive of toxic pollutants. Besides, adsorption is regarded as safe and available [13]. Even though adsorption efficiency is directly related with many factors as shown in figure 3 below [10]. A huge amount of research has been done based on cheap, effective, and environmentally abundant adsorbents [14]. Some of the reported adsorbent materials that includes clay materials like bentonite, zeolites, siliceous material like (silica, alunite, perlite) have been investigated, also, industrial waste products like (waste carbon or metal hydroxide sludge) and others like metal oxides have been used for treatment process [14].



[bookmark: _Toc81302059][bookmark: _Toc81302167][bookmark: _Toc81303843][bookmark: _Toc81307349]Table 2: Summarizes different technology for wastewater treatment (WWT) with their advantages and disadvantages
		
	Technology
	Advantages
	Disadvantages

	Conventional treatment process
	Coagulation
Flocculation

Biodegradation


	Simple, economical, feasible


Economically attractive, publicly acceptable treatment

	High sludge  production, handing and disposal problem
Slow process, necessary to create in optimal favorable environment, maintenance and nutrition requirement


	
	Adsorption on activated carbons
	The most effective adsorbent great, capacity, produce, a high-quality treated effluent
	Ineffective against disperse and vat dyes, the regeneration is expensive and results in loss of the adsorbent, non-destructive process

	Established recovery processed

	Membrane 
Ion exchange  
Oxidation    

	Removes all dye types, produce a high-quality treated effluent
No loss of sorbent on regeneration, effective
Rapid and efficient process

	High pressure, expensive, incapable of treating large volumes
Economic constrains, not effective for disperse dyes
High energy cost, chemicals required


	Emerging removal processes

	Advanced oxidation process



Selective bio 


adsorbents
Biomass
	No sludge production, little or no consumption of chemicals, efficiency for dyes
Economically attractive, regeneration is not necessary, high selectivity
Low operating cost, good efficiency and selectivity, no toxic effect on microorganism

	Economically unfeasible, formation of by-product, technical constrains


Slow process, performance depends on some extent factor (pH, salt)
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[bookmark: _Toc81302255]Figure 3: Factors that affect adsorption efficiency

[bookmark: _Toc81307309]2.3 Metal oxides 

Metal oxides are a kind of porous material gripped on support [15], therefore composed of two parts, the metallic particle part which may be any kind of transition elements, such as titanium, iron, zinc, manganese, nickel, copper, lead, tin, etc., or other non-transitional metals, such as aluminum, magnesium, silicon, etc., while the second part is considered to be as oxide support which holds the metal particle, where the transfer process is held between the two sections [16]. Different sizes and shapes for metal oxide-based adsorbents are present in the form of nanoparticles, microparticles, granules, and nanocomposites exhibiting different porous characteristics which are crucial to their sorption properties. The most well-known methods of synthesis of metal oxide adsorbents are sol-gel processes, thermal decomposition, reduction, and hydrothermal synthesis [17].
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[bookmark: _Toc81302256]Figure 4: The mechanism of mass transfer on metal oxide

[bookmark: _Toc81307310]3. Objective 
The main goals were ordered according to the following route, thus trying to achieve the graduation project plan
· Preparing the organic aqueous solution of ARS at different concentrations (200, 100, 50, 25) ppm respectively. 
· Conducting batch adsorption experimental studies such as isotherm, kinetics, thermodynamics, and pH studies. Thus, determining the best optimum pH, temperature, concentration, and equilibrium time that the NiO and MgO nanoparticles will operate effectively for the adsorption process. 
· Shaking, centrifuging, and filtration processes were followed using the shaker, and centrifuge instruments, while filtration process were done using a syringe and nanoscale filter preventing any single nanoparticles from escaping to the solutions that were tested in the next step using the UV-Vis spectrophotometer indicating the final concentration after the adsorption process. 
· Regeneration process for the used nanoparticles using thermogravimetric analysis (TGA) determining the viability of the spent nanoparticles and the efficiency of using them once again for another cycles.  

[bookmark: _Toc81307311]4. Materials and methods 

[bookmark: _Toc81307312]4.1 Chemicals and reagents 
Commercial nickel and magnesium oxide nanoparticles, alizarin red S, and reversed osmosis water where the main elements as chemicals and reagents used in the research were purchased from Sigma-Aldrich (Haifa) via local sub-vendor BioTech Medical Supplies (Ramallah, Palestine). All chemicals were used as they were purchased without any further purification.  
[bookmark: _Toc81307313]4.2 Adsorbate aqueous solutions and analytical methods 
The stock solution containing the organic pollutant which is alizarin red S (400 ppm), was prepared by dissolving 400 mg of alizarin red S powder in one liter of reversed osmosis water. Different concentrations of the organic aqueous solution were prepared by subsequently diluting the stock solution to the desired concentrations (200, 150, 100, 50, 25 ppm) using RO water. The organic aqueous solution pH was at around neutral (7) to prevent any kind of precipitation that might occur before the adsorption experiment process.
 Ultraviolet Visible spectrophotometer (UV-Vis) was used in the experimental work for the determination of the concentration of the organic pollutant material before and after the adsorption. All experimental measurements and work were conducted twice to confirm the reproducibility of the results. 
[bookmark: _Toc81307314]4.3 Adsorption experiments 

[bookmark: _Toc81307315]4.3.1 pH effect
The adsorption performance can be directly affected by the pH of the organic aqueous solution, where the effect of the solution pH on adsorption was studied at three different ranges running the experiments once at acidic range (3.5 to 5.5), followed by a basic range (8 to 11), and then at neutral pH (7). The pH study was investigated at constant adsorbent dose of 50 mg, temperature at 25 ℃, initial concentration of the organic contaminant of 25 ppm, 50 ppm, and contact time of 120 min. The adsorptive removal percentage (R%) related to the initial concentration was calculated according to equation (1):

 where Co is the initial concentration of the adsorbate (mg/L), and Ce is the equilibrium concentration of the adsorbate in the solution (mg/L).
[bookmark: _Toc81307316]4.3.2 Adsorption isotherms 
The adsorption process of ARS, the organic pollutant, was performed individually at 25 ℃ for each of the nanoadsorbents NiO and MgO. Batch adsorption experiments were carried out by adding a constant amount of 50 mg nanoadsorbents to a set of vials containing 5 ml of organic aqueous solution contaminant with various known initial concentrations ranging from 25 to 400 ppm of the organic pollutant at a neutral pH of around 7. The vials were tightly sealed in order to avoid any kind of loss of water. Constant shaking for 24 h at 40 rpm was performed for all the samples. After one night shaking, centrifugation at a constant rate of 2500 rpm for 10 min was fulfilled to confirm the separation of the supernatant solution and the nanoadsorbents. The residual concentrations of the organic contaminant detected using UV-Vis spectrophotometer. The adsorption uptakes of the nanoadsorbents and other parameters were computed by forming adsorption isotherms and by the mass balance analysis. All the adsorption isotherms experiments were performed twice in order to confirm the duplicability of the results. The adsorption isotherms, mass balance analysis, and the modeling section for the adsorption isotherm will be fully debated in the results part.   
[bookmark: _Toc81307317]4.3.3 Adsorption kinetics 
The required time to reach equilibrium for the adsorption of the organic contaminant onto the nickel and magnesium oxides nanoadsorbents was determined by taking continuous run of samples over a fixed period of time. The adsorption uptake at various predetermined time intervals from 5 to 120 min was studied. The adsorption kinetics study was performed at a constant nanoadsorbent dose of 50 mg of each nanoadsorbent respectively in 5 ml vails of the organic solution at neutral pH and at 25℃, where initially each 5 min a sample was taken from the shaker at 40 rpm followed directly with centrifuging at 2500 rpm for short period and afterwards detecting the residual concentration using the atomic absorption spectroscopy. Repeating these steps continuously till the end of time interval with increasing the time of expel of the samples from the shaker. The adsorption kinetics, mass transfer model, and the modeling section for the adsorption kinetics will be fully debated in the results part.    
   
[bookmark: _Toc81307318]4.3.4 Thermodynamics study  
The adsorption of the organic pollutant from the aqueous solution onto the NiO and MgO nanoadsorbents was performed at three different temperatures 25, 35, 45 ℃ within batch experiments. The effect of varying the temperature on the adsorption performance and the isotherm model parameters was investigated. The values of the thermodynamic parameters that describe the adsorption behavior such as changes in Gibbs free energy (ΔG⁰), enthalpy (ΔH⁰), and entropy (ΔS⁰) were determined. The experimental design, procedure, and operating conditions were identical and typical to that in the adsorption isotherm study, where the adsorbent dose, which was 50 mg, amount of organic aqueous solution which was 5 ml, shaking process which was at 40 rpm for 24h, centrifuging step which was at 2500 rpm for 10 min, were performed exactly in the same manner that were done in the adsorption isotherm study, but the only difference was the use of electrical heater water bath in order to have the required temperatures. Thermodynamics and the effect of temperature study, and the modeling section for the thermodynamics and the effect of temperature will be fully debated in the results part.       

[bookmark: _Toc81307319]4.4 Regeneration of NiO and MgO nanoparticles 
To prove the reusability of the NiO and MgO nanoadsorbents, where used nanoparticles that absorbed ARS the organic contaminant in the first cycle were regenerated using thermal oxidation process using the thermogravimetric analysis (TGA) whose microbalance sensitivity is ±0.1 μg and temperature precision is ±0.1 ℃. In a typical run, an air flow rate of 100 cm3/min was used with a heating rate of 10 ℃/min using TG/DTG analyzer (STGA- 1000, SANAF, Istanbul, Turkey). Then the regenerated nanoparticles were used for the adsorptive removal of the ARS for the second cycle, to compare between the performance of the nanoparticles at the first and the second cycle by computing the removal percentage for the adsorptive removal of the organic contaminant.
[bookmark: _Toc81307320]5. Results and discussion 
[bookmark: _Toc81307321]5.1 pH effect 
According to Figure 5, working on three different pH ranges, it was clearly found that there is not any single relation concerning the effect of pH on the adsorption uptake for the organic contaminant from the solution onto the NiO and MgO nanoparticles. The adsorption uptake of the organic pollutant alizarin red s has been found to be ideally working at a neutral pH range around about 7, whereas the adsorption uptake of the organic pollutant alizarin s at basic or acidic pH ranges has been found to be not working efficiently with high adsorption performance. 

[bookmark: _Toc81302257]Figure 5: Effect of pH on the removal percentage of alizarin red s onto NiO and MgO nanoparticles

[bookmark: _Toc81307322]5.2 Adsorption isotherms 
The amount of adsorbent and its particle size, the starting concentration of the adsorbate, the system temperature, the pH of the solution, and the contact period are all factors that influence adsorption uptake [25]. A Sterile Syringe Filter was used to reduce the turbidity of the solution before it was analyzed using a UV-visible spectrophotometer to quantify the amount adsorbed and to verify the adsorption occurring on the surfaces of the MgO and NiO nanoparticles. For single adsorption, the experimental data were fitted using the Sips isotherm model. The Sips isotherm shown below was used to fit the experimental isotherm data:

where:
  is the maximum adsorbed amount (mg. g-1),  is the adsorption capacity at equilibrium (mg. g−1),  is the Sips adsorption equilibrium constant (L. mg-1),  is the Sips constant.
 Using the non-linear chi-square analysis X2 (shown below), the quality of the equilibrium isothermal model was measured.

where  and  are the equilibrium maximum uptake obtained experimentally and by model fitting (mg. g-1), respectively.
At 25 ᵒC and a pH of roughly 7.0, adsorption isotherms for alizarin s onto NiO and MgO nanoparticles were investigated by increasing the starting concentration of alizarin s from 25 to 200 mg. L-1. The experimental data and model isotherms for MgO-alizarin s and NiO-alizarin s are shown in the Figures 6 and 7 below. In addition, Table 3 summarizes the estimated model parameters. For alizarin s molecules, the commercial NiO and MgO nanoparticle showed significant adsorption uptakes and varied adsorption behaviors.


[bookmark: _Toc80628629]
[bookmark: _Toc81302258]	Figure 6: Macroscopic single solution-phase adsorption isotherm of alizarin red s–NiO nanoparticle. Experimental conditions: NiO nanoparticle dose, 50 mg. L-1; contact time, 24 h; temperature, 25 ᵒC, and pH, 7.0. The symbols are experimental data, and the solid lines are the isotherm models


[bookmark: _Toc81302259]Figure 7: Macroscopic single solution-phase adsorption isotherm of alizarin red s–MgO nanoparticle. Experimental conditions: MgO nanoparticle dose, 50 mg. L-1; contact time, 24 h; temperature, 25 ᵒC, and pH, 7.0. The symbols are experimental data, and the solid lines are the isotherm models



[bookmark: _Toc81302060][bookmark: _Toc81302168][bookmark: _Toc81303844][bookmark: _Toc81307350]Table 3: Estimated adsorption isotherm parameter for the Sips model
	Sips-Model parameter
	Qm
	ks
	ns
	

	NiO-Alizarin s at 25 ᵒC
	37.62
	0.96
	0.32
	4.98

	MgO-Alizarin s at 25 ᵒC
	44.63
	0.52
	0.23
	3.45



For MgO-alizarin s and NiO-alizarin red s, the maximum adsorption uptake was predicted to be around 44.6 mg. g-1 and 37.6 mg. g-1, respectively. The non-linear Sips model was used to describe the adsorption of alizarin red S onto NiO and MgO nanoparticles. The low values of   suggest sustainable construction between the experimental data and the models, as illustrated in Figure 6, 7  and Table 3.
Alizarin red s adsorption on MgO nanoparticle is larger than alizarin red s adsorption on comparison with NiO nanoparticles, as demonstrated in Figure 6, 7. Adsorption of alizarin red s onto NiO nanoparticles and MgO nanoparticles increased dramatically at low equilibrium concentrations and progressively increased at high concentrations, indicating that both nanoparticles have strong adsorption affinities for alizarin red s molecules. This illustrates their great absorbability to them, as the latter became colorless.
 The adsorption of alizarin red s onto NiO and MgO SBNs did not follow Freundlich or Langmuir behaviors, as seen in Figure 6, and Figure 7, as indicated by the heterogeneity factor () values of NiO and MgO are 0.32 and 0.23, respectively. The energy of the adsorption binding sites is defined as the heterogeneity factor, which varies from 0 to 1. When the ns value approaches 1, the behavior is supposed to be Langmuir, and when it approaches zero, it is thought to be Freundlich [1].
 The heterogeneity factor (ns) of NiO-alizarin red s was found to be lower than that of MgO-alizarin red s. As a result, organic adsorption onto the surface of MgO- nanoparticles was increased. Compared to the NiO-Alizarin system, the affinity (Ks) values for the MgO-alizarin red s system had largely dropped (Ks). Because of the difference in nanoparticle molecules, the surface affinity of the nanoadsorbent has changed. Furthermore, the red color created by as molecules has nearly completely vanished in the two adsorption systems (NiO-Alizarin and MgO-Alizarin).
Our nanoparticles are compared to other nanoadsorbents described in the literature in the table 4 below. The comparison is based on various factors such as adsorption saturation capacities, nanoadsorbent surface areas, adsorbate concentration ranges, and contact times of previously reported adsorbents in comparison to our SBNs for the adsorptive removal of alizarin organic model molecules.
[bookmark: _Toc81289156][bookmark: _Toc81303845][bookmark: _Toc81307351]Table 4: Comparison table between used nanoparticle in the study and other nanoadsorbents
	Ref.
	Contact time
	Concentration range (mg.L−1)
	pH
	Temperature
	Isotherm model
	Adsorption capacity
(mg. g¯¹)
	Surface area (m².g¯¹)
	Adsorbate
	Adsorbent

	
	
	
	
	
	
	
	
	
	

	[18]
	60 min
	30-70
	4–5.4
	30 °C
	Langmuir
	116.3
	-
	Fe₃O₄ NPs
	Alizarin-S

	[19]
	5 min
	2_70
	4.2
	25 °C
	Langmuir
	123.45
	1229
	Au-NP-AC
	Alizarin-S

	[20]
	30 min
	1.5
	4
	25 °C
	Langmuir
	80
	443
	Fe-BTC MOF
	Alizarin-S

	[21]
	40 min
	-
	6.5
	40 °C
	Langmuir
	18.2
	13.9
	Micron-sized vermiculite (VMT)
	Alizarin-S

	[22] 
	-
	200
	3
	30 °C
	Langmuir
	91.695
	999.01
	biomass-based activated carbon
	Alizarin-S

	[23]
	60 min
	24.02
	11
	25 °C
	Langmuir
	23.3
	30-60
	γ-Fe₂O₃
	Alizarin-S

	[24]
	65 min
	100-1000
	2
	45 ᵒC
	Liu
	312.5
	415.3
	SWCNT
	Alizarin-S

	
	100 min
	
	
	
	
	135.2
	180.9
	MWCNT
	

	[25]
	5 min
	10-600
	7
	25 °C
	Sips
	132.93
	47.1
	NiO
	AR88

	
	5 min
	10-500
	7
	25 °C
	Sips
	81.5
	47.1
	NiO
	MB

	this study
	
	
	
	
	Sips
	
	
	NiO
	Alizarin-S

	[25]
	5 min
	10-600
	7
	25 °C
	Sips
	167.7
	31.3
	MgO
	AR88

	
	5 min
	10-500
	7
	25 °C
	Sips
	76.2
	31.3
	MgO
	MB

	this study
	
	
	
	
	Sips
	
	
	MgO
	Alizarin-S




[bookmark: _Toc81307323]5.3 Adsorption kinetics 

In this study, the adsorption kinetics of alizarin red s-NiO, and alizarin red s-(MgO) were studied, which manly depends on diffusion, which regards as the rate limiting step in the kinetic study, as this point was confirmed by violet shaking at the start of mixing, also, shaker was used during the adsorption process on the surface of  nanoparticles [26].
The adsorption process of the pollutant from the solution subsists on three steps: Firstly, bulk diffusion of the adsorbates into the solution (model ions); secondly, diffusion from the surrounding to the nanoadsorbent surface; thirdly, diffusion from the surface of the nanoadsorbent onto the active sites [27]. 
The adsorption kinetics were operated for one dyes by fitting the gained experimental data to the external mass transfer model (EMT) shown below [3].

Where  is the external mass transfer coefficient in the liquid phase (m. min-1),  is the specific surface area per the volume of the adsorbent (m2. m3),  is the concentration of the adsorbate (mg. L-1) molecule at any time, and  is the concentration of the molecules (mg. L-1) at the interface with the adsorbent. The value of  will be determined based on the sips model after performing the equilibrium study, as shown below, respectively.




Substituting the equation (2), (3), (4) for alizarin red s, the following first ordinary differential equations were obtained 

where ordinary differential equations were solved numerically to evaluate values of kma using first order forward equation, first order backward equation, first order middle equation, second order forward equation, this was determined by solving the equations at initial conditions of  at time zero in which two trails were used that equals 25 ppm and 50 ppm for each used nanoparticles. The Sips model was acquired based on adsorption kinetics where the parameters were calculated and listed in Table (5) based on Isotherm analysis.
[bookmark: _Toc80628539][bookmark: _Toc81302061][bookmark: _Toc81302169][bookmark: _Toc81303846][bookmark: _Toc81307352]Table 5: Estimated adsorption isotherm parameter for the Sips model
	Sips-Model parameter
	Qm
	ks
	ns
	X2

	NiO-Alizarin at 25 C
	37.62
	0.96
	0.32
	4.98

	NiO-Alizarin at 35 C
	42.99
	1.19
	0.25
	5.71

	NiO-Alizarin at 45 C
	28.38
	1.41
	0.30
	9.49

	MgO-Alizarin at 25 C
	44.63
	0.52
	0.23
	3.45

	MgO -Alizarin at 25 C
	28.7
	0.7
	0.4
	11.4

	MgO -Alizarin at 25 C
	36.18
	0.46
	0.5
	8.65



Fig. 8, 9. describe the determined experimental data at given time interval based on external mass transfer model fittings, that represents the adsorption process (change in the concentration of alizarin red s)  and the fitted data based on external mass transfer in relation with Cs value which determined based on Sips model.
 The experimental data were sketch and used for mass transfer model. Based on the calculation, it was determined that the equilibrium can be obtained during 30 min for NiO, and around 40 min for MgO for Alizarin S, however, around 95% of alizarin red s was removed during less than 5 min which regards as good result. This point can be described by the nanoparticle which synthesized based on particle size and based on high porous structure that make a fast adsorption rate which lead to high diffusion rate of alizarin red s with nanoactive-site. 
The concentration of alizarin red s dropped very rapidly in the first 5 min and stay stable during 80 min for NiO and 60 min for MgO. This can be described based on high value for Ks that described adsorption kinetics rate as described in equation (5). Based on this result, small amount of nan-adsorbent has a high affinity and can be easily break down the rate-limiting step in the adsorption process.
The estimated Kma values and the approximated time needed to reach equilibrium for alizarin red s for both NiO and MgO are summarized in Table (6). Based on calculated value from regression process, Kma has a value of 2.756 (min-1), 0.0494 (min-1) for NiO for initial concentration equals 25 ppm, and 50 ppm, respectively, with regression value equals 90.34% at 25 ppm, and 99.56% for 50ppm. While the same manner for MgO that equals 0.016 (min-1) with 97.1% regression, and 0.00873 (min-1) for 50 ppm with 86% regression. This confirming the fast adsorption properties of nanoparticle type over the other ones.
 





[bookmark: _Toc81302260]Figure 8: Adsorption kinetics for alizarin red s in which NiO at initial concentration of 25 ppm and 50 ppm, at experimental conditions are 10 g. L-1; contact time around 80 min; temperature 25 ℃ at pH equal 7


[bookmark: _Toc80628630][bookmark: _Toc81302261]Figure 9: Adsorption kinetics for alizarin red s in which MgO at initial concentration of 25 ppm and 50 ppm, at experimental conditions are 10 g. L-1; contact time around 80 min; temperature 25 ℃ at pH equal 7











[bookmark: _Toc81302062][bookmark: _Toc81302170][bookmark: _Toc81303847][bookmark: _Toc81307353]	Table 6: Estimated adsorption kinetics parameter for the Sips model and Comparison between different models

	Type of Comparison
	NiO at 25ppm
	NiO at 50ppm
	MgO at 25ppm
	MgO at 50ppm

	Equilibrium Isotherm model
	Sips
	Sips
	Sips
	Sips

	Cs (mg/g)
	
	
	
	

	External mass transfer model
	
	Equation 7
	
	

	kma (1/min)
	2.756
	0.0494
	0.016
	0.00873

	R2
	0.9034
	0.9956
	0.971
	0.8650

	Needed time to reach equilibrium
	100
	80
	80
	60



[bookmark: _Toc81307324]5.4 Thermodynamics study 
Many factors plays an important roles in adsorption affinity performance. In this part, temperature effect contribute strongly to the rate of the adsorption [28]. Therefore, the adsorption isotherm of alizarin red s with NiO, and MgO were conducted at different temperatures as 25 C, 35 C, and 45C within bath water occupation and shaking around 24 hour. Fig. 10,11 describe the obtained experimental data along with the equilibrium isothermal model based on Sips model isothermal. This isothermal Sips model were obtained by the lowest value as possible of  ranging from 4.98 to 11.48.
The equilibrium parameters in Table. 7 in conjunction with Fig. 10, 11 based on obtained results. The adsorption capacity, the value of Qm, increases from 37.62 mg. g-1 to 42.99 mg. g-1 for NiO when temperature increase from 25℃ to 35℃ while decreases to 28.38 mg. g-1 when temperature increase to 45℃. While Qm value decreases from 44.63 mg. g-1 to 28.7 mg. g-1  when temperature increases from 25℃ to 35℃, in contrast with, the value increase to 36.18 mg. g-1  when temperature increases to 45℃. It was suggested that NiO is endothermic as Qm increases with temperature increases while MgO is exothermic as Qm decreases with temperature increases. 
It was noticed that the value of ns, in the case of NiO, did not change significantly related to change in temperature, this indicated the same adsorption energies of the active sites. While in the case of 
MgO, the value of ns increases from 0.23 to 0.5 related to temperature increases, this can be interrupted with as Qe decreases the adsorption become less efficiency, and this can be noticed with increasing ns [29]. As a result, with increasing temperature, adsorption energy of the active site will be weaker than at normal temperature. 
It is also notable the affinity of NiO, and MgO (kL) based on adsorption layers were affected by change the temperature. In the case of NiO, the kL value at 25 ℃ is 0.96, at 35 ℃ is 1.19, and at 45 ℃ is 1.41. While in the case of MgO, the kL value at 25 ℃ is 0.52, at 35 ℃ is 0.79, and at 45 ℃ is 0.72, this can be describes as the increasing the temperature, the affinity will be increase.
To more explanation the extent of the adsorption on the surface of NiO, and MgO, nanoparticles with respect to temperature and based on thermodynamic parameters,, , and   were determined based of following equations:

Where  is the change of free Gibbs energy, R is the universal ideal gas constant (8.314, T is the temperature (Kelvin), K is the adsorption equilibrium constant (Unitless). The value of K can be calculated based on the following equation


Where  and  (unitless) obtained from the Sips model (Table 7), and   is the solvent molar concentration umol. L-1 which can be obtained based on density and molecular weight of solvent (Water) at the suggested temperature. Furthermore,  and  were determined based on vant Hoff equations as following:
 
  


	  
	
	
	Nanoparticles
	Temperature (k)

	
	
	
	
	
	

	-85.2
	-39400.0
	-13902.9
	NiO- Alizarin S
	298
	

	641.8
	240041.8
	-8780.1
	MgO- Alizarin S
	
	

	
	
	-12017.3
	NiO- Alizarin S
	308
	

	
	
	-17344.7
	MgO- Alizarin S
	
	

	
	
	-12214.8
	NiO- Alizarin S
	318
	

	
	
	-21524.9
	MgO- Alizarin S
	
	


The values of,  can be obtained from the slope and intercept of the plot   on Y-axis withT-1 in (Kelvin) on X-axis. The estimated thermodynamic parameters are shown in Table 7.
[bookmark: _Toc80628541][bookmark: _Toc81302063][bookmark: _Toc81302171][bookmark: _Toc81303848][bookmark: _Toc81307354]Table 7: Estimated thermodynamic parameters









The following figures 10, 11 represents the adsorption process based on different temperature for the nanoparticles.



[bookmark: _Toc81302262]Figure 10: Adsorption thermodynamic for alizarin red s in which NiO at initial concentration of 25 ppm, at experimental conditions are 10 g. L-1; contact time around 80 min; temperature 25 ℃ at pH equal 7




[bookmark: _Toc81302263]Figure 11: Adsorption thermodynamic for alizarin red s in which MgO at initial concentration of 25 ppm, at experimental conditions are 10 g. L-1; contact time around 80 min; temperature 25℃ at pH equal 7
Based on obtained data noting that all the values of   were negative at all given temperature which leads that the adsorption process is spontaneous in nature which means that the adsorption can be done at normal temperatures [30]. For, the negative values implies that the adsorption process between nanoparticle and Alizarin S is exothermic reaction and this in the case of NiO nanoparticle. In addition, the adsorption process for MgO is endothermic based on positive sign for  [31]. Moreover, since  was near or more than 40 kj. mol-1, this suggested a chemisorption interaction of Alizarin S with given nanoparticles. Based on this, the interaction relation in the case of MgO is confirmed to be a strong chemisorption interaction with this nanoparticle. 
The high positive value for  is related to the increasing in the rate of randomly at the solid-liquid interface of the surface during the adsorption process based on MgO and NiO nanoparticles. It is interested to noting that  value in the case of MgO was around 0.614 kJ. mol-1 which is a small value around zero that indicate a normality in randomness [32]. However, in the case of MgO, the value of entropy is negative which indicate that the adsorption is unfavorable process. In this case, the reaction is highly endothermic and drive the system toward increase the temperature.
The thermodynamic parameters were obtained based on regression, so that R2 in the case of MgO is 0.819 and in the case of NiO is 0.95, which is a good result. 

[bookmark: _Toc81307325]5.5 Regeneration of NiO-MgO nanoparticles 
An excellent adsorbent must be high reducibility with high adsorption capacity and fast adsorption rate based on practical application. The regeneration and reused the nanoparticle in more than one cycle represents as cost effective and environmentally friendly. Therefore, based on thermos catalytic decomposition for NiO, and MgO was done at around 700 ℃ temperature.
The removal efficiency after two cycles was determined based on 50 ppm initial concentration of Alizarin S and shaking for around 2 hours, the efficiency for NiO was around 92% and for MgO was 35%. It is obvious from the result that a small decrease in adsorption rate in the case of NiO while a huge decrease in adsorption capacity in the case of MgO after two cycles of adsorption. This can be attributed based on the attraction forces between the surface and the adsorbed ions and heterogenic factor which discussed in equilibrium isotherm study.  One experimental work was NiFe2O3 that found that the adsorption efficiency of Alizarin S  over six cycle is close to 82% that shows reduction around 18% compared to NiO with reduction around 8% seems to be reasonable, based on this result, NiO can be regarded as high durable adsorbate  [33]. Other experimental work was based on activated carbon with adsorption capacity around 91.28% which regard as a good compared with NiO [34].


[bookmark: _Toc80628631]
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[bookmark: _Toc81302264]Figure 12: Removal efficiency of Alizarin S for two cycles onto NiO-alizarin red s and MgO- alizarin red s nanoparticles










[bookmark: _Toc81307326]6. Conclusions 

This study demonstrates that the two types of nanoparticles, NiO and MgO, were successful in removing alizarin red s in a very short time with a very high removal rate. The adsorption and kinetics studies were carried out at an optimum pH of around 7 and a temperature of 25 °C. The kinetics study for ARs onto NiO and MgO revealed that equilibrium can be reached in 80 and 60 min, respectively. The non-linear Sips isotherm model was used to determine and fit the adsorption isotherms. To simulate the experiments and calculate the adsorption energies in each case, computational modeling was used. As a result, NiO and MgO- nanoparticles can be recommended as fast, effective, and long-lasting nanoadsorpent for organics removal in actual garment wastewaters.
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NiO	4	6	7	8	10	12	0.5	0.85	0.93	0.8	0.6	0.4	MgO	4	6	7	8	10	12	0.35	0.83	0.95	0.85	0.5	0.25	Column1	4	6	7	8	10	12	pH


Removal %




Sips Model	0	9.950248756218906E-2	4.975124378109453E-2	4.975124378109453E-2	0.1492537313432836	1.9900497512437811	4.7761194029850751	62.089552238805972	97.512437810945272	0	11.892114527234076	10.181201720986952	10.181201720986952	12.961181203682392	20.478391913185813	23.020024433601229	29.360174283043698	30.245249213551201	NiO - Experimental	0	0.49751243781094528	9.950248756218906E-2	4.975124378109453E-2	4.975124378109453E-2	0.1492537313432836	1.9900497512437811	4.7761194029850751	62.089552238805972	97.512437810945272	0	2.4502487562189055	4.9900497512437809	9.9950248756218922	12.495024875621892	14.985074626865671	19.800995024875622	24.522388059701495	28.791044776119403	30.248756218905477	Ce (mg/L)


Qe (mg/g)




Sips Model	0	4.975124378109453E-2	4.975124378109453E-2	4.975124378109453E-2	0.24875621890547264	0.19900497512437812	13.830845771144279	73.482587064676622	118.80597014925372	9.1816349982808898	9.1816349982808898	9.1816349982808898	12.244092444410146	11.783761022116263	21.997230545628391	26.331672400307561	27.536922950683163	MgO-Experimental	0	4.975124378109453E-2	4.975124378109453E-2	4.975124378109453E-2	0.24875621890547264	0.19900497512437812	13.830845771144279	21.492537313432837	73.482587064676622	118.80597014925372	0	2.4950248756218905	4.9950248756218905	9.9950248756218922	12.475124378109454	14.980099502487562	18.616915422885572	22.850746268656717	27.651741293532339	28.119402985074629	Ce (mg/L)


Qe (mg/g)






NiO-Alizirn S at 25 ppm	0	5	15	25	80	120	1	0.66666666666666652	0.47619047619047611	0.38095238095238093	2.7999999999999997E-2	1.2E-2	NiO-Alizirn S at 50 ppm	0	5	10	15	20	30	40	60	70	80	90	1	0.76200000000000001	0.66439999999999999	0.52380000000000004	0.41659999999999997	0.33340000000000003	0.2858	0.1152	0.06	5.5999999999999994E-2	5.5999999999999994E-2	Time (min)


Ce/C0




Mg kinetic at 50 ppm	0	10	15	20	30	40	50	60	1	0.42859999999999998	0.3246	0.23800000000000002	0.153	9.5199999999999993E-2	9.4E-2	9.1999999999999998E-2	Mg kinetic at 25 C	0	5	10	15	20	30	40	60	80	100	1	0.88	0.76	0.66639999999999999	0.47600000000000003	0.38079999999999997	0.28559999999999997	0.1	8.4000000000000005E-2	9.5199999999999993E-2	Time (min)


Ce/C0




25C	0	9.950248756218906E-2	4.975124378109453E-2	4.975124378109453E-2	0.1492537313432836	1.9900497512437811	4.7761194029850751	62.089552238805972	97.512437810945272	0	11.892114527234076	10.181201720986952	10.181201720986952	12.961181203682392	20.478391913185813	23.020024433601229	29.360174283043698	30.245249213551201	35C	0	0.34825870646766172	0.39800995024875624	0.49751243781094528	0.6467661691542288	5.4228855721393039	15.621890547263682	138.60696517412936	139.60199004975124	0	10.823100091041068	11.099812354381243	11.572402772644226	12.144042696427675	17.329288192549946	20.163326897325241	26.045697871544217	26.064330106475428	45C	0	0.2	0.2	0.54999999999999993	0.75	4.8	104	94.8	0	13.205035273413687	13.205035273413687	15.353824436709029	16.006514682260288	19.667704847645926	24.1304725286668	24.029145417400752	Ce (mg/L)


Qe (mg/g)




25C	0	4.975124378109453E-2	4.975124378109453E-2	4.975124378109453E-2	0.24875621890547264	0.19900497512437812	13.830845771144279	73.482587064676622	118.80597014925372	9.1816349982808898	9.1816349982808898	9.1816349982808898	12.244092444410146	11.783761022116263	21.997230545628391	26.331672400307561	27.536922950683163	35C	0	0.4	0.64999999999999991	1.2999999999999998	26.5	102.29999999999998	96.399999999999991	0	9.3861990422823123	10.652159419054158	12.566947017016419	20.742618229040289	23.466201062987746	23.363253399134756	35C	0	0.05	0.54999999999999993	0.64999999999999991	1.3499999999999999	1.4	6.2	12.9	63.2	70.3	0	3.398567905526702	9.2572080305520235	9.8442131044040302	12.666547641122545	12.816638622610418	19.386525649976978	22.604693680443102	28.458009912164172	28.776361579598706	Ce (mg/L)


Qe (mg/g)
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