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Abstract 

This research used a rapid one-step method to synthesize MgSi-1, MgSi-2, MgSi-3, and 

MgSi-4. The resulting compounds were employed to remove ciprofloxacin CF from water by 

adsorption. The prepared MgSi-1, MgSi-2, MgSi-3, and MgSi-4 exhibited adsorption capacity 

qt values of 72.4, 80.9, 89.1, and 97.8 mg/g, respectively, indicating that the introduction of 

MoO3 onto MgOSiO2 significantly enhanced the adsorption capacity of the matrix. It is worth 

noting that about 90% of the obtained qt values were achieved within the first 20 to 30 min, 

and all adsorption processes reached equilibrium within 60 min, indicating that the produced 

compounds are candidates as adsorbents for rapid treatment of contaminated water. The 

adsorption order study showed that the CF removal process conformed to the pseudo-first-

order adsorption rate, while the adsorption mechanism study showed that the CF removal by 

MgSi1, MgSi2, MgSi3 and MgSi4 was controlled by the diffusion step through the solution, 

which indicates that the four adsorbents have an excellent ability to remove the 

pharmaceutical pollutant CF through the adsorption process. 
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 الملخص باللغة العربية 

 

-MgSiو MgSi-2و  MgSi-1 سريعاً من خطوة واحدة لتخليق مركبات   طريقةاستخدم    البحث تمهذا  في  

لإزال  توظيفتم     .MgSi-4و   3 الناتجة  السيبروفلوكساسين  المركبات  طريق    CF ة  عن  الماء  من 

 م سعة امتزازقي    MgSi-4و    MgSi-3و   MgSi-2و  MgSi-1 ت المركبات المحضرة. أظهرالامتزاز

qt 72.4   أن    97.8و  89.1و   80.9  و إلى  يشير  مما  التوالي،  على  / جم   على MoO3 ادخالمجم 

MgOSiO2   من  90حوالي    الجدير بالذكر ان  .للمادة الأساسية بشكل ملحوظ  الامتزازعزز من قدرة ٪

  الامتزاز ، وبلغت جميع عمليات  ىدقيقة الأول  30إلى   20 ن الـغضو  تمت في المتحصل عليها في qt قيم

 سريعةالمعالجة  لل  واد مازة المركبات المنتجة كم  ترشيحإلى    يشيردقيقة، مما    60  خلال  مرحلة الاتزان

وافقت معدل امتزاز الرتبة الاولى الكاذبة,    CF  دراسةرتبة الامتزاز ان عملية ازالةاظهرت  .  للمياه الملوثه

م دراسة  اظهرت  انبينما  الامتزاز     MgSi3و MgSi2و MgSi1 بواسطة CF إزالة  يكانيكية 

الامر الذي يدل على ان المواد المازة الاربعة لها   تحكمت فيها خطوة الانتشار عبر المحلول    MgSi4و

 عبر عملية الامتزاز.   CFقابلية ممتازة لازالة الملوث الصيدلانى 
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1. Introduction 

1.1.  Preparation of nanomaterials 

Numerous fields make use of nanoscale materials, including electronics, 

biology, medicine, cosmetics, ecology, materials science, magnetism, and 

environmental science [1]. The enormous potential of nanotechnology has 

prompted a worldwide upsurge in funding for related research and development. 

Both the amount of time and money spent on nanotechnology research has 

increased significantly since 1999. Greater social advancement and sustainable 

development are the primary goals of the researchers. If we can understand the 

steps involved in making nanoparticles, like those in combustion systems, we 

can come up with efficient ways to reduce the amount of pollutants and the 

amount of pollution they cause [2]. The bottom-up synthesis of nanomaterials 

involves combining atoms and molecules into molecules on the nanoscale. 

Methods for preparing nanomaterials include, and the second viewpoint is top-

down, which involves reducing bulk materials to the nanoscale [3-5]. 

1.2. Common approaches for making nanomaterials 

1.2.1. Sol-gel method 

The sol-gel process is a widely used nanomaterials technique. During a precursor 

reaction, a surfactant or nonaqueous solvent regulates the size of the particles in 

an appropriate solvent. The particles stopped small crystals from clumping 

together in a liquid medium. Numerous well-known chemists investigated the 

recurring precpitation processes that resulted in the creation of gel crystals and 
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Liesegang rings. [4, 6, 7]. This phenomena has prompted much descriptive 

investigation. Roy and his colleagues utilized the chemical homogeneity present 

in colloidal gels. They enhanced the sol-gel approach, enabling the synthesis of 

various ceramic oxide compositions incorporating Al, Si, Ti, Zr, etc., which 

were previously unattainable by ceramic powder techniques [8, 9]. The initial 

water and ammonia concentrations, precursor, solvent, and reactant 

temperatures dictate the ultimate size of the spherical particles [10, 11]. 

1.2.2. Solvothermal method 

The solvothermal (hydrothermal) technology, recognized for its environmental 

sustainability and potential, employs aqueous or nonaqueous solvents to enhance 

particle size distribution and shape regulation. This method standardizes metal 

salts and modifies the medium pH to alkaline using a basic solution. The target 

nanomaterial regulates the thermal treatment temperature and duration of the 

homogenized solution. Time, temperature, media, and precursors influence the 

dimensions and morphology of nanoparticles [12].  

1.2.3. Green synthesis  

In the production of green nanomaterials, capping agents may consist of plant 

extracts or microorganisms. Plant-derived nanoparticles are created en masse for 

biosynthesis. Plants synthesize metallic nanoparticles from seeds, leaves, stems, 

roots, and latex. The most secure method for synthesizing nanoparticles was 

environmentally sustainable. The demand for the manufacture of green metallic 

nanoparticles has increased. We aim to eradicate synthetic waste, chemical 
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byproducts, and derivative substrates. Natural biomaterials are advantageous for 

the environmentally sustainable production of nanoparticles. Researchers utilize 

bacteria, algae, fungi, and plants to produce cost-effective, energy-efficient, and 

eco-friendly metal nanoparticles. Sustainable synthetic methods are supplanting 

physicochemical approaches in the sector [13, 14].  

1.2.4. Contamination of water 

Water is essential for human survival, as the deterioration of water quality 

impacts all forms of life. Organic contaminants in global water systems 

constitute a significant issue. Pharmaceuticals and chemical dyes are commonly 

utilized in water and sewage systems due to their extensive application and 

market demand. Water pollution is responsible for the majority of waterborne 

diseases, significantly impacting metropolitan populations. Consequently, 

individuals are compelled to consume untreated irrigation water, resulting in 

significant health repercussions [15].  

Comprehending the origins, interactions, and consequences of water 

contaminants is crucial for mitigating their environmental impact and 

safeguarding ecosystems. The improper disposal of aging pollutants, 

decontamination equipment, and the elimination of substandard and 

contaminated human and animal waste products may introduce these pollutants 

into water systems [16-18]. Hazardous aquatic contamination renders the water 

supply systems of developed nations susceptible. The United States possesses 

more water than is produced by its rivers and lakes. Groundwater in certain 
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regions may be chemically dangerous. Water contaminants encompass heavy 

metals, chlorinated hydrocarbons, organic dyes, industrial metal coatings, and 

microbes. Since World War II, the manufacturing and utilization of synthetic 

chemicals have escalated. The existence of these pollutants has tainted water 

sources. Examples encompass pesticide use, agricultural effluent, and improper 

industrial waste dumping into aquatic bodies. Improper disposal of chemical 

waste in landfills, storage lagoons, treatment ponds, and other facilities can lead 

to groundwater contamination. Pollution and inequitable distribution restrict the 

accessibility of numerous global water sources, which seem boundless. Water 

scarcity impacts many individuals globally, triggering numerous conflicts. 

Groundwater, sourced by drilling, excavation, or springs, significantly impacts 

river baseflow. Approximately 80% of ocean pollutants originate from terrestrial 

sources, either industrial activities or indirect disposal of human waste [19-21].  

The Netherlands conducted nationwide surveillance from 2010 to 2014. The 

operation identified elevated pesticide concentrations in groundwater wells, 

which is concerning. This research analyzed shallow groundwater samples from 

the Netherlands and Flanders for 405 chemicals and 52 metabolites. The findings 

indicated the presence of neonicotinoids, which are both mobile and persistent, 

at concentrations ranging from 0.12 to 0.01 g/L [22]. The Yangtze River Basin 

in Hubei Province, Central China, exhibited elevated levels of organochlorine 

and organophosphate pesticides. Sixteen groundwater samples from the 

specified area contained fifteen organochlorine compounds and four 
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organophosphate compounds. The mean concentrations of the four 

organophosphate pesticides were 196.01 ng/L for aldrin, dieldrin, and 

hexachlorocyclohexane. The water supply failed to comply with EPA standards 

[23]. The phreatic aquifer underlying the Pampean region of Argentina harbors 

organochlorine pesticides, signifying their prolonged presence. Numerous 

studies indicate that specific regions exhibit elevated levels of fluoride in 

groundwater. Refrain from utilizing groundwater with elevated fluoride levels 

for extended periods. The health advantages of fluoride warrant the fluoridation 

of public water supplies. Excessive fluoride absorption can lead to dental and 

skeletal fluorosis. This study found that neonates and toddlers exhibit heightened 

sensitivity to dental fluorosis, a non-carcinogenic danger. A recent investigation 

of groundwater fluoride levels in Agra City, India, revealed a significant 

variation above the WHO guideline of 1.5 mg/L. The mean fluoride 

concentration in 51 groundwater samples from Siddipet Vagu, India, was 3.7 

ppm. 51% of samples surpassed the WHO safety threshold of 1.5 mg/L for 

fluoride [24]. The research analyzed fifty borehole samples from dense 

agricultural regions along the West Bank of the Nile River in Luxor 

Governorate, Egypt, revealing that 62% exhibited moderate vulnerability to 

groundwater contamination, while 38% demonstrated high vulnerability. Nitrate 

contamination from nitrogen-based fertilizers has affected 52% of the land. 

Recent research indicated that Chungcheong Province, South Korea, exhibited 

a mean nitrate concentration of 12.4 mg/L [25]. Pharmaceutical pollutants 
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(PhCs) are present in groundwater, oceans, and rivers globally. Articulating the 

grave predicament of humanity may prove beneficial: Since 1970, 50% of 

Earth's water has been contaminated. In 1999, the United States recognized PhC-

contaminated water as a public health hazard [26-29]. More than fifty percent of 

China's population consumed contaminated water during that period. Indian 

rivers, groundwater, and water treatment facilities harbor pharmaceutical 

contaminants. These compounds may attain concentrations of 31.0 mg L-1 [30, 

31]. The demand for infectious illness therapies and the increasing production 

of agriculture, poultry, and livestock contribute to PhC pollution. Among these 

drugs ciprofloxacine (CF) was wideky used in the last two decades.Numerous 

investigations have identified TCs in soil and water reservoirs in the United 

States, United Kingdom, and China [32]. The proliferation of pharmaceutical 

contaminants in marine, freshwater, and potable water sources indicates the 

inadequacy of existing treatment methodologies [33-41]. Consequently, PhC 

prevention necessitates innovative approaches. Nanomaterials have enhanced 

the adsorption process, effectively eliminating non-degradable water pollutants 

such as heavy metals. This technique is straightforward, energy-efficient, and 

does not emit detrimental byproducts.  

1.3. Aim of the study 

This study aimed to prepare MgO/SiO2 (MgSi-1), 2.5%MoO3@MgO/SiO2 

(MgSi-2), 5%MoO3@MgO/SiO2 (MgSi-3), and 10%MoO3@MgO/SiO2 (MgSi-

4) triple composite as environmentally safe sorbents. A one-put route was 
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adopted in order to simplify the process. The prepared double and triple 

composites will be tested for removing organic pollutants exampled by  CF, and 

their sorption kinetics will be investigated.
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Chapter Two 
Materials and Methods 
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2. Materials and methods 

2.1 Materials 

CF was provided from Rhanboxy, Mumbai, india. magnesium oxide (MgO) was 

provided from Fluka, USA. Molebdinum oxide (MoO3) and D(+)-Glucose 

monohydrate (GL) were provided from Riedel-de-Haen, Germany. Fumed silica 

(SiO2) was purchased from (LOBA CHEMIE, Mumbai, India). 

2.2. Preparation of  MgSi- nanocomposites 

Equal moles of  MgO  and SiO2, were were transferred to a 500 mL beaker. 10 

g of GL and 50 mL of distilled water were added to the beaker. The mixture was 

heated on a hotplate until the GL was carbonized. The obtained powder was 

grinned, transferred to a porcelain dish, and calcined at 600°C for 3.0 h. The 

process was repeated using the typical MgO  and SiO2 amounts with the addition 

of a proper amount of MoO3 to obtain MgSi-2, MgSi-3, and MgSi-4 triple 

composites. 

2.3. Preparation of  CF solution 

0.1g of CF was weighed using an analytical balance and transferred to a 1L 

volumetric flask to obtain 100 mg L-1 CF solution. Then, 600 mL of DW was 

added to the flask and put into an ultrasonic path, then the solution was 

completed with DW to the neck mark.  

2.4. CF Adsorption 

0.05g of sorbent was weighed in 150 mL beaker. 100 mL of the 100 mg L-1 CF 

solution was poured into the beaker. A portion of the mixture was withdrawn till 
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the CF sorption reached the equilibrium. The aliquots were filtered via a 0.22μm 

syringe filter, and the absorbance was measured utilizing a UV-Vis-

spectrophotometer (λmax = 273 nm).  
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Chapter Three 
Results and discussion 
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3.1. Contact time study 

The contact time study of CF and sorption onto the as-prepared nanocomposite 

was studied. The CF and absorbance measured during the study were employed 

for calculating their remaining concentrations (unadsorbed) at each time interval 

via Eq. 1. Using Eq. 2 was utilized to calculate the adsorption capacity at each 

period (the CF or milligrams adsorbed onto one gram of sorbent, qt, mg g-1). 

𝐶𝑡 =  
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
 ×  𝑐𝑜𝑛𝑐.𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑                         (1) 

qt =  
(Co− Ct) V

m
 ,                                        (2) 

Fig. 1demonstrate the adsorption trend of CF onto prepared nanocomposite. The 

MgSi-1, MgSi-2, MgSi-3, and MgSi-4 triple composites showed qt values of 

72.4, 80.9, 89.1, and 97.8 mg/g. Although all sorption processes reached 

equilibrium within 90 minutes, almost 90% of the gained qt values was acquired 

within the first 30 minutes, reflected high sorption ability of the MgSi to treat 

contaminated water and nominating them as fast treatment sorbents. 
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Fig. 1 The contact time results of CF sorption onto MgSi-1 composite. 

 

 

 
 

Fig. 2 The contact time results of CF sorption onto MgSi-2 composite. 
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Fig. 3 The contact time results of CF sorption onto MgSi-3 composite. 

 

 
Fig. 4 The contact time results of CF sorption onto MgSi-4 composite. 
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3.2 Adsorption rate order 

The adsorption rate order of CF and   removal by was studied via pseudo-first-

order (PF, Eq. 3) and pseudo-second-order (PS, Eq. 4) kinetic models. 

ln(qe − qt) = ln qe − k1. t                                         (3) 

1

qt
=  

1

k2.qe 
2 t

+ 
1

qe
                                                                 (4) 

The symbol qe (mg g-1) represents the equilibrium adsorption capacity. The PF 

and PS constants are also time-dependent, with the former represented as k1 

(min-1) and the latter as k2 (g mg-1 min-1). The PF plots of the CF adsorption onto 

MgSi-1, MgSi-2, MgSi-3, and MgSi-4 composite were depicted in Fig. 5, 6, 7, 

and 8, respectively, while the PS plots were illustrated in Fig. 9, 10, 11, and 12, 

respectively. The rate-order output of CF removal by the four composites 

showed better fitting to the PF model (Table 1).  

Fig. 5 The PF investigation of CF sorption onto MgSi-1 composite. 
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Fig. 6 The PF investigation of CF sorption onto MgSi-2 composite. 

 

 

Fig. 7 The PF investigation of CF sorption onto MgSi-3 composite. 
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Fig. 8 The PF investigation of CF sorption onto MgSi-4 composite. 

 

Fig. 9 The PS investigation of CF sorption onto MgSi-1 composite. 
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Fig. 10 The PS investigation of CF sorption onto MgSi-2 composite. 

 

Fig. 11 The PS investigation of CF sorption onto MgSi-3 composite. 
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Fig. 12 The PS investigation of CF sorption onto MgSi-4 composite. 
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3.3 Adsorption control mechanism 

The rate-control mechanism of CF and   removal by MgSi-1, MgSi-2, MgSi-3, and 

MgSi-4 composites was studied using the intraparticle (IPD, Eq. 5) and the liquid-

film (LFD, Eq. 6) diffusion model. 

qt = KIP ∗ t
1

2 + Ci                                               (5) 

ln (1 − F) =  −KLF ∗ t                                         (6) 

The IPD constant is denoted by KIPD (mg g-1 min-1/2), and the LFD constant is 

designated by KLFD (min-1). Ci: the boundary layer factor, expressed as mg g-1.  

The LFD plot of the CF adsorption onto MgSi-1, MgSi-2, MgSi-3, and MgSi-4 

composite were depicted in Fig. 13, 14, 15, and 16, respectively, while the IPD 

plots were illustrated in Fig. 17, 18, 19, and 20, respectively. The rate-control 

output of CF removal by the four composites  fitted the LFD indicating high  

sorbent-sorbate affinity (Table 2). 

 

Fig. 13 The LFD study of CF sorption onto MgSi-1 composite. 
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Fig. 14 The LFD study of CF sorption onto MgSi-2 composite. 

 

Fig. 15 The LFD study of CF sorption onto MgSi-3 composite. 
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Fig. 16 The LFD study of CF sorption onto MgSi-4 composite. 

 

Fig. 17 The IPD study of CF sorption onto MgSi-1 composite. 
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Fig. 18 The IPD study of CF sorption onto MgSi-2 composite. 

 

Fig. 19 The IPD study of CF sorption onto MgSi-3 composite. 
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Fig. 20 The IPD study of CF sorption onto MgSi-4 composite. 

 

 

 

Table 1 The adsorption rate control results of CF removal by MgSi-1, MgSi-2, MgSi-3, 

and MgSi-4. 

Adsorbent 
LFDM IPDM 

KLF (min–1) R2 KIP (mg g-1 min0.5) R2 

MgSi-1 0.078 0.965 4.989 0.859 

MgSi-2 0.083 0.981 6.744 0.889 

MgSi-3 0.101 0.978 6.416 0.931 

MgSi-4 0.041 0.974 5.760 0.896 
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3.4. Conclusion 

This study used a one-put fast method to prepare MgSi-1, MgSi-2, MgSi-3, and 

MgSi-4 composites. The synthesized composites were studied for removing CF 

and   from the water via adsorption. The MgSi-1, MgSi-2, MgSi-3, and MgSi-4 

showed qt values of 72.4, 80.9, 89.1, and 97.8 mg/g, respectively, these results 

reflected that doping MgOSiO2 with  MoO3  improved the sorption ability of the 

base material. Notably, almost 90% of the gained qt values were acquired within 

the first 20 to 30 minutes, and all sorption processes reached equilibrium at 60 

minutes, which nominated the prepared composites as fast treatment sorbents. 

The rate-order output of CF removal by MgSi-1, MgSi-2, MgSi-3, and MgSi-4 

followed the PF model, and the rate-control output revealed that that the LF 

controlled the CF sorption onto the four sorbents.  
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