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Abstract 

This work includes three routes, the first used an innovative 

precipitation method for creating magnetic Fe3O4 nanoparticles under 

environment oxygen without and with the use of different surfactants as 

templates, including sodium dodecyl sulfate (SDS), triton X100, 

cetrimonium bromide (CTAB), and cetramide (CT). These magnetic iron 

oxide (Fe3O4) nanoparticles were created as inverse spinel (Fe2O3. FeO), 

when combined iron sulfate solution with an aqueous mixture of sodium 

hydroxide and sodium nitrate without any calcination under oxygen gas. 

In second route, the prepared iron oxide nanoparticles (Spinel Fe3O4)p

were identified using several techniques, including infrared spectroscopy 

(FTIR), X-ray diffraction (XRD) analysis, and scanning electron 

microscopy (SEM). Infrared spectroscopy showed reasonable peaks at 

598-744 cm
-1

, confirming the presence of the tetrahedral and octahedral 

structures of the prepared iron oxide nanoparticles as an inverse spinel. 

X-ray diffraction explained that the prepared samples without and with 

addition surfactants are crystalline in nature, with nanosize ranged (8.5 

nm without surfactants to 27.72 nm with using the surfactants). SEM 

imagesp of prepared iron oxide nanoparticles without and with using 

surfactants given spherical shapes with semi-regular clusterspaspBroccoli 

like nanostructures. On the other hand in third route, iron oxide 

nanoparticles were used as an adsorbent to remove eosin yellow dye from 

aqueous solutions. In the beginning, an adsorption experiment was 

conducted for all the prepared surfaces towards the dye, as it was found 

that the best removal percentage of the dye was on the surface of iron 

oxide nanoparticles with cetrimide (Fe3O4 + cetramide), where the 

removal percentage reached 94.7% . After that, the factors affecting the 
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surface adsorption process of iron oxide were studied with cetrimide 

only, Fe3O4 prepared with cetramide gave a higher removal efficiency 

compared with the prepared iron oxides. It was found that the adsorption 

capacity increased with the increase of the equilibrium time until it 

reached the saturation stage at a time of 60 minutes. While testing the 

effect of the amount of surface on the adsorption process showed an 

increase in the removal efficiency with the increase in the surface mass as 

a result of the increase in the surface area, the dye was most effectively 

absorbed at a weight of 0.01 g. The pH factor showed a clear effect on the 

removal efficiency, as it was found that the best removal of the dye in a 

neutral medium (pH 6.5) is due to the presence of neutralizing groups in 

the composition of eosin yellow dye. On the other hand, it was found that 

the removal efficiency increases with the increase in temperature as a 

result of the increase in kinetic energy, which facilitates the access of dye 

molecules to the active sites on the adsorbent surface. The 

thermodynamic study showed that the process of adsorption of iron oxide 

nanoparticles with cetrimide is an endothermic process since the enthalpy 

value is positive and spontaneous and does not require an external source,p

while the enthalpy value is negative and non-spontaneous in the creation 

of iron oxide nanoparticles without cetrimide is an exothermic process. 

Magnetite with cetramide obeys a chemisorption because ΔH
o
 of this 

reaction is more valuable than (20) kJ mol
-1

 in opposite the Fe3O4 in 

absence cetramide is found to be Physisorption because ΔH
o
 value is 

lower than (20) kJ mol
-1

. The data from the isotherm model equations 

show that the magnetite produced in the presence of cetramide obeys 

Langmuir, Freundlich, and Temkin while Fe3O4 produced in the absence 

of cetramide does not. 
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Chapter One 

Introduction 

1.1. General Introduction 

 The term "pollution" refers to any unfavorable or harmful 

environmental alteration brought on by the physical, chemical, or 

biological byproducts of human industrial or social activity [1]. Rivers, 

seas, the atmosphere, and the soil can all be impacted by pollution. Both 

biodegradable contaminants, like sewage effluent, which if properly 

treated and dispersed causes no long-term harm, and non-biodegradable 

contaminants, such as some industrial colors, phenol and its derivatives, 

organic compounds, and heavy metals (such as Pd, Cd, Cu, Cr, and Zn) in 

some industrial effluents can contaminate water [2, 3]. Harmful 

substances in water pose a major threat to both human health and the 

environment. The first contaminant to be noticed in water is color; 

therefore, before was released into water bodies, wastewater must be 

treated. Wastewater produced by the textile, rubber, paper, plastic, 

cosmetics, and dye production industries, among others, is mostly colored 

by residual dyes[4].These excess dyes shouldn't be released into 

waterways because it's unsightly and harmful to the ecosystem. Strong 

dye colors have the ability to block light, slow down photosynthetic 

activity, stop the growth of biota, and chelate metal ions, which can be 

micro-toxic to organisms. Due to their complicated structures and 

synthetic origins, dyes cannot be easily removed by standard wastewater 

treatment techniques because most are stable to photo agents and bio 

agents [5, 6].The dyes are organic substances that are soluble, especially 

those that belong to the groups of acids, bases, reactive, and directs. They 

are difficult to remove using conventional methods because they are 

highly soluble in water[7]. One of its properties is the ability to color a 
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certain substrate since it has chromophore groups in its molecular 

structures. However, the material capacity to fix its color is due to the 

auxotrophic groups, which are polar and may interact with polar groups 

of textile fibers [8]. The use of treatment methods utilizing physical, 

chemical, and biological technologies in order to preserve the 

sustainability of the environment for future generations is therefore 

imperative. It has been noted that, despite being effective, physical-

chemical methods come at a significant expense in terms of electricity, 

inputs, or operation, as well as inconveniences caused by sludge disposal 

[9]. Many physical and chemical techniques have been studied to treat 

pollution, including ion exchange electrocoagulation and sedimentation, 

infiltration and reverse uniformity, chlorine treatment, and adsorption. 

Due to its high effectiveness and low cost in treating polluted water, 

adsorption is among the approaches that are most crucial [10].  

1.2. Adsorption Process 

 Adsorption is a chemical and physical process that has enormous 

potential for creating high-quality effluent. This phenomenon of 

adsorption is basically due to the presence of residual forces at the surface 

of a liquid or a solid [11]. It is because of these residual forces that the 

substances stick to the surface and thus create an excessive concentration 

at the surface. Since adsorption is a spontaneous process, it is achieved 

via a reduction in the system free energy and a decrease in entropy [12]. 

This is a direct result of the fact that molecules at the surface are more 

organized than those in solution. The bonding that holds the adsorbate 

and adsorbing surface together is caused by a variety of very distinct 

types of forces, including dispersion forces, dipole interactions, and 

valence forces [13]. 
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1.3. Types of Adsorption  

 Based on attractive forces operating between adsorbent and 

adsorbate, adsorption has been classified into two types, van der Waals 

adsorption (or physical adsorption), and chemisorption (or activated 

adsorption). 

1.3.1. Physical Adsorption 

Physical adsorption is a result of forces known as van der Waals 

forces, which are the same ones responsible for the condensation of gases 

into liquids. Adsorption heat should fall within the range of condensation 

heat, which is 20pkJ mol
-1

 or less. Physical adsorption can be easily 

reversed and reaches equilibrium relatively quickly when it occurs at low 

temperatures. Additionally, this adsorption type is general in nature and 

may involve many adsorbate layers on the adsorbent surface [14, 15]. 

1.3.2. Chemical Adsorption  

The partial or total transfer of electrons between the adsorbate 

molecules and the adsorbent surface causes the forces implied by 

chemisorption. Compared to physical adsorption, the heat of adsorption is 

substantially greater (more than around 80 kJ/mol). Chemisorption is 

defined by its specificity and can be quick or slow. It can happen at room 

temperature or at greater temperatures and is typically irreversible in 

nature [16, 17]. 
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Figure (1.1) explains chemisorption and Physisorption 

1.4. Adsorption from Solution 

Adsorption of substances from solutions onto solid adsorbents is a 

rather complicated phenomena; it is distinct from the adsorption of single 

substances (gases, vapours, and pure liquids) in that the solution contains 

at least two components that create a densely packed layer on the surface. 

As they approach the surface's active areas, the solvent and solute 

molecules engage in competition. The type of interactions between the 

solute and the solvent in the solution phase, at the interface, and in 

contact with the adsorbent all play a role in this phenomenon. Adsorption 

from solution by porous adsorbents can be thought of as occurring 

primarily in four stages [18]: 

A. Movement of solute molecules from the solution interior to the 

adsorbent's surface. 

B. Adsorption onto external surface sites and solute molecule motion 

across the interface. 
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C. Interaction of solute molecules with the sites present on the surfaces 

inside the adsorbent, enclosing the pore and capillary gaps. 

D. Desorption of the products from the surface. 

E. Diffusion of the products away from the surface. 

 

 

 

 

 

 

 

Figure (1.2) shows mechanism of heterogeneous catalytic reaction   

 

The amount of solute that is adsorbed onto the solid particle and 

the rate at which it is done so may be influenced by one or more of the 

earlier processes. Two alternative physical representations of the 

adsorption of nonelectrolytes at the solid-solution interface can be used to 

understand it. According to this perspective, a partition between a bulk 

and the interfacial phase corresponds to adsorption from the solution [19]. 

 

1.5. Adsorption Isotherms 

The term "adsorption isotherm" refers to the quantitative 

relationship between the quantity of a substance adsorbed and the 

equilibrium concentration of the adsorbate at a fixed temperature. By 
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measuring the amount of solute adsorbed (Qe) on the surface of the solid 

as a function of the equilibrium concentration (Ce) of the solute in 

solution, the adsorption isotherm may be derived experimentally. There 

are many different shapes for adsorption isotherms. The adsorption 

mechanism and kind of adsorption can be determined by the shape of the 

adsorption isotherm. 

Typically, it is believed that adsorption from a solution is a 

continuous function of the solution concentration. The shape of the 

isotherm of adsorption from solution is affected by intricate molecular 

interactions of the solution constituents with the adsorbent and with one 

another in surface and bulk solutions. Adsorption selectivity is low if the 

way the components of the solution interact with the adsorbent is 

similar[20].  

1.6. Types of Isotherms 

Different isotherms have been established theoretically or 

empirically. The best known are shown in Table (1-1). 

Table (1.1): Types of Adsorption Isotherms 

 

Isotherm  Applications 

Langmuir Physical and Chemical Adsorption 

Freundlich Physical and Chemical Adsorption 

Temkin Chemical Adsorption 

Fowler Physical and Chemical Adsorption 

BET Multimolecular physical adsorption 

Since the Langmuir, Temkin, and Freundlich isotherms are seen 

to be the most pertinent isotherms in adsorption from solution, they will 

be covered in detail[21]. 
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1.6.1. Langmuir Isotherm 

In 1916, Langmuir presented a model for the adsorption process, 

and in particular for the chemisorption process, which allowed him to 

derive an adsorption isotherm in a straightforward but crucial theoretical 

way. Langmuir considered the surface of a solid to be made up of active 

sites each of which could adsorb one adsorbate molecule (gas molecule). 

Furthermore, it was assumed that all the active sites are energetically 

equivalent and the ability of the adsorbates to bind to the surface is 

independent of each other. Adsorption usually occurs till equilibrium is 

attained where the rate of adsorption is equal to the rate of desorption. 

Because Langmuir adsorption is monomolecular, it excludes the 

possibility of further adsorption on the adsorbate currently present on the 

surface [22]. 

In the case of adsorption from solution, Langmuir isotherm is 

applied in an almost similar way for the adsorption of gases on solid 

surfaces. Only a monolayer is still capable of adsorption, but in this case 

a competitive adsorption is considered to take place between the two 

components of solution (solute and solvent molecules). The Langmuir 

isotherm can be expressed as follows: 

 

   
        

       
                                                                                      

Where qe: the amount of adsorbate adsorbed per unit weight of adsorbent 

at equilibrium (mg.g
-1

). Ce: equilibrium concentration of adsorbate in 

solution after adsorption (mg.L
-1

). qm (mg.g
-1

) is the maximum adsorption 

capacity, and KL (L.mg
-1

) is the Langmuir isotherm constant. The 
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equation is linearized to determine the Langmuir isotherm constants (1-

2). 

 

  

  
 

 

     
 

  

  
                                                                                  (1-2) 

                                                                     

As a result, by plotting Ce/qe against Ce, one may determine KL value 

from the intercept and qm value from the slope [23]. 

 

1.6.2. Freundlich Isotherm 

Freundlich puts up an empirical equation for adsorption in 

solution in 1926, his idea was supported by measurements from 

experiments. Assuming a heterogeneous surface with adsorption on each 

class of sites obey the Langmuir equation. The binding energy varies 

continuously from site to site on the solid surface, so the affinity of these 

sites toward the same molecule is different. Freundlich isotherm may be 

expressed as: 

         
                                                                               

(1-3)
                                                                                                             

 

Empirical Freundlich constant (kf), also known as the capacity factor 

(L.g
-1

), and heterogeneity factor (1/n). By calculating the logarithms of 

equations (1-3), the Freundlich expression can be converted into a linear 

form: 

                  
 

 
                                                                                                                                                                                                                                  

The log qe was plotted vs. log Ce , the intercept value is equal to kf and 

the slope is  equal to 1/n [24, 25]. 
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1.6.3.Temkin Isotherm 

 Adsorbing species-adsorbent interactions are specifically taken into 

account via a component in the Temkin isotherm. This isotherm (i) is  

 

predicated on the assumptions that I the heat of adsorption of every 

molecule in the layer decreases linearly with coverage as a result of 

adsorbent-adsorbate interactions and (ii) the adsorption is characterized 

by a uniform distribution of binding energies up to maximum binding 

energy [26]. Temkin isotherm is represented as: 

                                                                                                

       

KT: The equilibrium binding constant (L.g
-1

). The Temkin isotherm 

constant (B), can be determined as follows: 

     
 

 
                                                                                                    

                                                                                             

R is the gas constant (8.314 J.mol
-1

.K
-1

), b is connected to the heat of 

adsorption (J.mol
-1

), and T is the absolute temperature (K). Can rearrange 

equation (1-5) to get the equation linear form: 

                                                                                                p 

The values of b and KT can be derived from the slope and intercept of a 

plot of qe vs. ln Ce, respectively[27]. 

 

1.7. Thermodynamics of Adsorption 

The thermodynamic treatment of adsorption makes it possible to 

gather useful data on the adsorption process's randomness, spontaneity, 

and binding strength. Adsorption isotherms at various temperatures in 
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systems with reversible behavior can be measured to identify the 

thermodynamic functions that characterize adsorption from solution. The 

examination of variations in solution density, variations in the solubility 

of substances with temperature, etc. is obviously a necessary prerequisite 

of adsorption studies at various temperatures (which leads to the 

calculation of thermodynamic data and their interpretation) [28]. 

Analysis of the heat effects that come along with adsorption is 

one of the main goals of adsorption thermodynamics. It is not as easy to 

understand the heat change that takes place when a solution comes into 

contact with a solid as it is to understand the heat of adsorption that 

develops when a single gas is absorbed by a solid. It is possible to 

determine the heat of adsorption from solutions by measuring the 

concentrations needed to achieve a certain quantity of adsorption at 

various temperatures. The heat of adsorption from solutions is often 

several times lower than that of the same adsorbent from a gaseous phase 

[29]. Thus, the following equation could be used to calculate the heat of 

adsorption (H) [30]: 

                                                                                            (1-8) 

 

Here Xm (Keq.) represents the maximal adsorption uptake at a certain 

equilibrium concentration (Ce), which was assumed to be the same across 

all study temperatures. Consequently, from plotting ln Xm against 1/T, a 

straight line with a slope of -∆H/R results are obtained. 

Equilibrium is reached more slowly in the case of adsorption from 

solutions than from the gas phase. The following equation was used to 

determine the equilibrium constant (keq) for the adsorption process at each 

temperature [31] : 

constantln 



RT

H
Xm
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(1-9)                                                                                                                               

 

Where: m is the weight of the adsorbent (g), Qe is the amount adsorbed in 

mg/g, Ce is the equilibrium concentration of the adsorbate given in mg/L, 

and V is the volume of the adsorbate solution (L). The change in free 

energy (G) can be calculated from equation[31, 32]: 

                                                                                 (1-10) 

 

Where R is the universal gas constant (J/mol K) and T is the absolute 

temperature in, was used to compute the Gibbs energy G
o
  

              
     

  
                                                                             (1-11) 

The change in enthalpy H
o
 and change in entropy S

o
 were determined 

by using the Van’t Hoff equation. 

           
    

  
 (

   

 
)                                                          (1-12) 

On the other hand, using equation (1-14), the activation energy was 

determined [31, 33]. 

                                                                                  (1-13) 

Plotting ln kd vs. 1/T yields a straight line with a slope of -∆H/R and an 

intercept of ∆S/R; G can be calculated using the Gibbs equation [34]. 

 

1.8. Using Magnetic Nanoparticles as adsorbent surfaces 

 The last developments in nanotechnology have made it possible to 

purify water effectively. Water filtration uses various nanoparticle-based 

products, including carbon nanotubes, nanoscale metal oxides, 

nanofibers, etc. The benefit of surface modification for focusing on a 

)(.

)(.

LVC

gmq
k

e

e
eq 
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specific pollutant for adsorption and magnetic separation provided by the 

magnetic nanoparticles makes the procedure simple overall (Figure 1). In 

groundwater remediation, particularly for the removal of arsenic, the use 

of magnetic nanoparticles (magnetite Fe3O4) for separating water 

pollutants has already been developed. Magnetism has been used as 

active material in a variety of water treatment technologies, for example, 

coagulation, adsorption, factory pipelines, and biological processes. 

Due to its extraordinarily small size and high surface-to-volume ratio, 

Fe3O4 NPs as an adsorbent surface might offer better kinetics for the 

adsorption of contaminants[35]. 

 

Figure (1.3): Diagrammatic representation of the defluorination 

process utilizing MNPs  

 

1.9. Magnetic Bulks and Nanoparticles 

 Most of the features of nanoparticles compared to their bulk 

counterparts are the existence of a large proportion of atoms at the surface 

of the particle and quantum size effects. This is the reason behind the 

behavior of materials at the nanoscale and in turn affects the chemical 

reaction and the magnetic, optical, and electronic properties of the 
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nanoparticles[36]. Among the many various nanoparticles, magnetic bulk 

and nanoparticles are a derivative class of nanoparticles modified using 

an external magnetic field (H) of diameters ranging (100-2500) nm. For 

example, cobalt, iron, gold, copper, silver, and nickel[37].The method of 

synthesis and chemical composition are important factors that control the 

physical and chemical properties of magnetic nanoparticles. The most 

advantages of magnetic nanoparticles are their small size, the effective 

surface that can be modified, large surface area, less toxicity, and 

superparamagnetic. The morphology is a factor influencing the magnetic 

properties attributable to the dominant influence of anisotropy on 

magnetism[38]. Superparamagnetic is a distinctive feature of 

nanoparticles. When shed an external magnetic field, the magnetic 

moments travel in the direction of the magnetic field. As the magnetic 

field is removed, becomes moments irregular due to the thermal energy, 

thus the nanoparticles lose the magnetic response. Hence, magnetic 

nanoparticles can be simply removed from target compounds such as 

biological and environmental samples with using an external magnetic 

field (Fig.1-2)[39].pDue to the attractive properties of magnetic particles, 

they have become widely used in many applications, for example cation 

sensors, biomedicine, environmental treatment, magnetic resonance 

imaging, defect sensor, nanofluids, data storage, and optical filters [44] .p

The instability of the magnetic nanoparticles in the reaction solution is 

cause by the agglomeration of the particles, as well as the loss of the 

magnetic and scattering property of being chemically active and 

oxidizing in the air. Many literatures have indicated the addition of a 

protective and stabilizing factor for magnetic nanoparticles. This is done 

through surface modification methods that include either grafting or 

coating using organic compounds such as surfactants and polymers, and 

inorganic compounds such as silica, carbon, and minerals[41]. 
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Figure (1.4): The behavior of superparamagnetic nanoparticles with 

and without the existence of an applied magnetic field. 

 

1.10. Iron Oxide Nanoparticle 

 The iron is the most recent transitional mineral and the main 

component of the earth's crust, compared to the transition elements in the 

same group. Iron compounds are chemically formed by combining the 

oxygen element with the iron element to form iron oxides. These 

substances are frequently employed in biological and geological 

applications [42]. Iron oxide appears in many forms with a crystalline 

structure and different magnetic and structural properties, which are 

hematite (α-Fe2O3), magnetite (Fe3O4), and maghemite ( -Fe2O3) as 

shown in Table (1.2). The crystal structures of oxide form tetrahedral and 

octahedral can be represented by close-packed planes of iron cations and 

oxygen anions[43]. The crystal structure of hematite includes a hexagonal 

arrangement of oxygen ions, and the octahedral sites are filled with iron 

ions (III). Whereas the crystal structure of magnetite and maghemite is 

almost similar, the cubic arrangement of the oxygen ions appears, while 
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the iron ions (III) have a random distribution between the octahedral and 

tetrahedral locations, and the iron ions (II) occupy the octahedral 

locations, so the final form is a cubic inverse spinel structure. Iron oxide 

nanoparticles have high oxidative stability, superparamagnetic properties, 

biocompatibility, and non-toxicity[44]. Therefore, it attracted researchers' 

interest due to its effective role in many fields such as wastewater 

treatment, catalysts, high-density data storage fields, lithium-ion batteries, 

modified anti-corrosive coatings, Ferro fluids and super capacitors, 

electrode materials, bio separations, and the separation of biochemical 

products. Also, the low toxicity of iron oxide nanoparticles makes them 

applicable in the medical field such as diagnostic magnetic resonance 

imaging (MRI), thermal therapy, tissue-specific releasing of therapeutic 

agents, magnetic sensing probes for in-vitro diagnostics (IVD), 

hyperthermia-based cancer treatments, and drug delivery[45]. 

Table (1.2): Magnetic and Physical Properties of Iron Oxides[46] 

 

Property 
Iron oxides 

Magnetite Hematite Magnetite 

Molecular formula Fe3O4  -Fe2O3  -Fe2O3 

Hardness 5.5 6.5 5 

Density (g/cm
3
) 5.18 5.26 4.87 

Melting point (
o
C) 1583-1597 1350 -- 

Type of magnetism Ferromagnetic 
Weaklypferromagnetic 

or antiferromagnetic 
Ferrimagnetic 

Standard freepenergy of 

formation Gf
o
p(kJ/mol p(  

-1012.6 -742.7 -711.1 

Color 
Black to Dark 

Gray 
rust-red 

Brown, bluish black; 

brown to yellow  

Curie temperature (K) 850 956 820-986 

Space group Fd3m R3c (hexagonal) P4332 (cubic); P41212 

Structural type Inverse spinel Corundum Defect spinel 
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Crystallographic system Cubic 
Rhombohedral, 

hexagonal 
Cubic or tetrahedral 

Lattice parameter (nm) a = 0.8396 

a=0.5034, c=1.375 

(hexagonal) 

aRh = 0.5427,  = 

55.3O 

(rhombohedral) 

a = 0.83474 (cubic); 

a = 0.8347, c = 2.50 

(tetragonal) 

Structures 

   

 

 

1.11. Methods of Synthesis of Iron Oxide Nanoparticles 

 The common synthesis methods include the co-precipitation 

method, sol-gel method, hydrothermal technique and thermal 

decomposition. 

1.11.1. Co-Precipitation method  

The term co-precipitation describes the process of loading one or more 

types of material upper precipitate by the nucleation and grain growth  

[47]. This method is a widely used for iron oxide nanoparticles synthesis 

due to available, Abundance of precursor materials that are non-toxic, fast 

and easy. So, it plays an effective role in biomedical applications. The 

disadvantages of this method include  the pollution of the produced 

precipitation with species of precursor, produced  an irregular 

morphology [48, 49]   The synthesis process involves mixing iron salts 

(such as sulfates, chlorides, and nitrates) with a base solution (such as 

NaOH) and dissolving them in an aqueous solution in an inert nitrogen 

atmosphere at room temperature. This leads to precipitation of iron ions 

(II, III) in the aqueous solution. Finally, the nanoparticles are dried to 
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remove solvents and iron hydroxides. Using this method, nanoparticles 

can be obtained with a diameter value lower 40 nm and high productivity. 

The temperature, type of salts, and acidic function are important factors 

that determine the shape, size and magnetic properties of the prepared 

iron oxide nanoparticles. The synthesis route by co-precipitation consists 

of two steps: the first step is rapid nucleation until the concentrations of 

the used substances reach the supercritical saturation. The second step is 

depended on the diffusion of dissolved species on the surface of the 

crystalline material that leads to the slow growth of the nucleus [50].This 

method used to preparation Fe3O4 with and without surfactants.  

1.11.2. Sol–Gel Technique 

        One of the methods of wet chemical synthesis includes two steps, 

the first step is the hydrolysis and condensation of metal alkoxides 

(precursors) to lead to the dispersion of the alkoxides in the solution. The 

second step is the drying process of the gel solution via removing the 

solvents or via a chemical reaction to produce a metal oxide network. 

Water is used as a solvent, while the precursors are dissolved in water 

with the help of a base or acid. The nature of precursors, acidic function, 

temperature, and ionic strength are influencing factors that determine the 

required structure of the prepared iron oxide nanoparticles [51]. Due to 

the fact that iron oxides have a high surface energy, they cause 

nanoparticles agglomerate, and this leads to increased particle size. To 

overcome of nanoparticle agglomeration during the synthesis process, 

modifying its surface by coating them with organic or inorganic 

molecules. The advantages of the sol-gel method are being simple, less 

expensive, good particle size control, homogeneous crystals, 

monodispersed, and high stability in aqueous solution [52]. 
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1.11.3. Hydrothermal Technique 

          One of the wet chemical processes for the high-pressure, high-

temperature synthesis of metals and metal oxides. The method includes 

the use of Teflon-lined stainless-steel autoclavep at high pressure up to 

200psi and high temperature up to 200°C in aqueous medium. 

Supersaturation of the medium occurs when low solubility of oxides or 

mineral salts is dried in aqueous solution. The advantages of the 

hydrothermal method include the possibility of controlling particle size, 

high crystallinity, generation of unique condensed phases, and high 

efficiency of the materials used [53]. Ferric sulfate, ferric nitrate, and 

ferrous chloride are used to synthesize hematite iron oxide nanoparticles.  

      In contrast, ferric ammonium citrate is used to synthesize magnetite 

nanoparticles. The process of synthesis of magnetite includes the use of 

CO as a reducing agent resulting from the decomposition of ammonium 

citrate at a high temperature to reduce the Fe
3+

 to Fe
+2

. Because of the 

ability of carbon monoxide to miscible in a supercritical aqueous solution 

of grantpthe autoclave completes reduction of all the reactants in order to 

continue the reaction under supercritical conditions [54]. Synthesized 

hematite nanoparticles using ferric ammonium sulfate and ferric nitrate in 

a high-temperature autoclave within a time 5-30 seconds. The nucleation 

and grain growth processes can control particle size during 

crystallization. Temperature also plays an effective role in the nucleation 

process due to its ability to reduce size and increase the grain rate at 

higher temperatures. Also, the precursor concentration and the residence 

time effect on the particle size and morphology, both of observed to 

increase the particle size while the residence time was a stronger effect 

than the concentration. The hydrothermal method was able to synthesize 
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compounds in different shapes are nanospheres, nanosheets, nanoplates, 

nanorods, nano cubes, nanorings, nanowires, etc.p[55]. 

1.11.4. Thermal Decomposition 

 A method frequently used to create high-crystalline iron oxide 

nanoparticles. The method involves continuous heating of a mixture of 

non-magnetic organometallic salts, solvents and surfactants in an oxygen-

free atmosphere with a temperature sufficient for chemical dissociation. 

Then the nanoparticles grow and agglomerate. Argon gas is used because 

it can maintain the atmosphere inert for a longer period. Correspondingly, 

the dissociation temperature is in the range (100-350)
o
C. It uses non-

magnetic materials such as ferric (III) acetylacetonate and iron carbonyls, 

and surfactants such as fatty acids. Finally, it is possible to produce iron 

oxide nanoparticles with a high level of uniformity and an average size of 

10-30 nm. Changing the reaction duration and dissociation temperature 

can also affect particle size [56]. 

1.12. Eosin Yellow Dye 

 Eosin belongs to a group of fluorescent red dyes (an acidic dye). It 

is a synthetic fluorescein derivative that is made up of the molecules 

eosin Y and eosin B. Much more frequently, eosin Y is employed. It is a 

fluorescein tetrabromo derivative with a light-yellow hue. You can further 

differentiate eosin Y into water-soluble and ethanol-soluble varieties. 

According to the researcher's observations, ethanol-soluble eosin Y 

pollution more quickly and produces a more vividly red color than water-

soluble eosin Y. Eosin B, a dibromo dinitro derivative of fluorescein, with 

a tinge of blue. The performance of eosin B is on par with that of eosin Y, 

and it occasionally produces a brighter red hue. Eosin can be used to stain 

muscle fibers, collagen, red blood cells, and cytoplasm [57, 58]. Eosin Y 
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is frequently utilized in biological tissues as a counterstain. The most 

used method for staining histology material is hematoxylin-eosin. In 

addition to their, it use as coloring agent in textiles, food, cosmetics, 

pharmaceuticals and are increasingly being used in the manufacture of 

ink. In actuality, all traditional red inks are diluted eosin solutions. The 

enormous requirement for dyes in the industrial sector has led to the 

introduction of these toxic, poorly biodegradable dye molecules into our 

ecosystem; as a result, become immediate and effective remediation is 

necessary[59]. 

 

Table (1.3): Properties of eosin yellow dye [60, 61]. 

Property Value 

Conventional name Eosin yellow 

Various names Eosin dye, bromoeosine, 

tetrabromofluorescein. 

Molecular Formula C20H8Br4NaO5
+
 

Molecular Weight 670.9 (g/mol) 

Maximum wavelength  518 nm 

Class xanthene dye 

Ionization Acid 

Color Yellow 

Solubility, aqueous 40% 

Solubility in ethanol 2% 
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Figure (1.5): Structure of the eosin yellow dye[61] 

 

1.13. Literature Survey 

 Shideh et al. [62] (2012) synthesized of Magnetite (Fe3O4) 

nanocrystals using facile hydrothermal method. It was discovered that as 

the hydrothermal temperature rose from 100
 o

C to 200
o
C, the average 

crystallite size and physical size of the generated nanocrystals also 

increased. The resulting Fe3O4 nanocrystals exhibit superparamagnetic 

behavior, and when the hydrothermal temperature rises. 

 Hernandez et al. [63] (2015) prepared Fe3O4 nanoparticles via the 

thermal decomposition method and employed as surface to remove 

methylene blue dye from contamination solutions. The presence of a 

structural Fe3O4 phase, in which the granules have an acicular shape, was 

confirmed by X-ray diffraction. These nanoparticles display 

superparamagnetic properties, as evidenced by the hysteresis loops 

produced by a vibrating sample magnetometer. 

 According to Cherukutty et al. [64] (2018), employed the 

solvothermal method to prepare Fe3O4 NPs and Fe3O4/rGO 

nanocomposites as adsorbents for the removal of the methyl violet (MV) 

dye. The greatest adsorption capacity for FG2 was measured at 196 mg/g. 

For FG1 and FG2, the adsorption isotherms and kinetics suit the 

Langmuir and pseudo-second-order kinetic model more accurately. 

Reduced dye adsorption sites are caused by increased Fe3O4 loading on 
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rGO, and magnetic separation is impacted by too little Fe3O4 loading. For 

the adsorption process and quick separation of the adsorbent, the ideal 

Fe3O4 loading on rGO is a crucial parameter. 

 Rahmawati et al. [65] (2019) prepared magnetite (Fe3O4) 

nanoparticles by both coprecipitation and co-precipitation-ultrasonic 

irradiation methods. This study showed that ultrasonic irradiation could 

lessen the accumulation that takes place during the synthesis process, 

resulting in particles with a clear, nearly homogenous shape. 

 Xiaoduo et al. [66] (2019) prepared of Fe3O4 nanoparticles by sol-

gel assisted method and annealed under vacuum at different 

temperature 200-400ºC, used Fe3O4 nanoparticles functionalized 

activated carbon as efficient surface to removing rhodamine B (RhB) and 

methyl orange (MO) from solution. It was found that an adsorbate 

quantity of the prepared surface towards rhodamine and methyl dye are 

182.48 mg. g
−1

and 150.35 mg. g
−1

, respectively. An exothermic and 

spontaneous adsorption process was discovered when the thermodynamic 

parameter was further studied. This composite has a high rate of magnetic 

separation and adsorption, has the potential to be a valuable and 

recyclable adsorbent for processes for treating and purifying wastewater. 

  Zakiyyu et al. [67] (2019) reported the preparation of Fe3O4 

nanoparticles using a sol-gel and annealed them under vacuum at various 

temperatures ranging from 200
 o

C to 400 
o
C. The Fe3O4 nanoparticles 

were successfully characterized in their phase and molecular structure, 

functional group, morphologies, and roughness analyses; the findings 

showed that different-sized Fe3O4 nanoparticles were produced. The 

fabrication of Fe3O4 nanoparticles using this process offers a number of 

important advantages. First off, the synthetic approach uses less 

expensive, hazardous free iron salts, making it economically significant 

and environmentally beneficial. Second, by adjusting the annealing 
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temperature, the size of the produced Fe3O4 nanoparticles may be easily 

regulated. 

 Joshi et al. [68] (2019) prepared Fe3O4@ activated carbon 

nanoparticles were by co-precipitation methods. Different techniques 

were used to characterize the Fe3O4@AC nanoparticles, and the results 

showed that the synthesized nanoparticles had a diameter of 6-16 nm. For 

the dyes methylene blue and brilliant green, the absorption capacities of 

Fe3O4@AC were determined to be 138 mg/g and 166.6 mg/g, 

respectively. 

 Venkatesha et al. [69] (2021) synthesized graphene oxide based 

magnetic nanocomposite using the coprecipitation method. The ability of 

magnetic nanocomposite to adsorb industrial dyes Methylene Blue and 

Rhodamine Blue is put to the test. The dye concentration, adsorbent 

dosage, and adsorption time are all optimized in the dye removal tests 

(0.1 g/L graphene oxide, 10 mg/L of dyes, and a 25 min adsorption time). 

For MB and RB, adsorption capacities of 100 and 80 mg/g, respectively, 

were attained. 

 Beata et al. [70] (2021) prepared ferrimagnetic magnetite (Fe3O4) 

nanoparticles using Massart's method. Then, done of functionalized form 

(f-MNPs) with succinic acid, L-arginine, oxalic acid, citric acid, and 

glutamic acid. According to the study results of the XPS analysis of the 

elements and their chemical states on the surfaces of MNPs and f-MNPs, 

there are variations in the types of iron oxide, the number of carbon-

oxygen groups, the chemical bonds between the atoms, the magnetic 

properties, and the molecules that are adsorbed. The biocompatible 

surfaces for L929 cells demonstrated variable cytotoxicity for HeLa cells 

(10.8-5.3% of cell death), with MNPs functionalized with oxalic acid 

having the highest cytotoxicity. 
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1.14. Aim of the study 

The aims of this project are to: 

A. Prepare of magnetic Iron oxide ( Fe3O4) nanostructure as a catalyst. 

B. Study the effect of using positive, negative and neutral surfactants on 

the preparation methods. 

C. Study the properties of the as-prepared nanostructure using Inferred 

spectroscopy (FTIR), X-ray diffraction (XRD), Scanning electron 

microscopy (SEM). 

D. Study the adsorption of the eosin yellow dye in a liquid – solid 

system.  

E. Study the different parameters on removal process of dye such as 

effect of catalyst (iron oxide), equilibrium time, masses, initial pH, 

and temperature. 

F. Study of sorption isotherm models and thermodynamic functions.  
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Chapter Two 

Experimental part

2.1 Chemicals and Instruments  

2.1.1. Chemicals 

The chemicals and reagents used in this study are listed in Table (2-1).                                                                       

Table (2.1): Chemicals and Reagents 

Materials Formula Company 

supplied 

Purity and 

percentage 

% 

Absolute ethanol C2H5OH Carlo erba, 

France 

99.9 

Cetrimide ( CT ) C17H38BrN CDH, India 99 

Cetrimonium 

bromide (CTAB) 

CH3(CH2)15N(Br)(CH3)3 CDH, India,  99 

Eosin yellow dye C20H6Br4Na2O5  99 

Hydrochloric Acid 

 

HCl BDH company, 

England 

(35)% 

Iron (II)sulphate 

heptahydrate 

FeSO4.7H2O BDH company, 

England,  

99.98 

Sodium dodecyl 

sulfate (SDS) 

CH3(CH2)11OSO3Na CDH, India 90 

Sodium hydroxide NaOH BDH company, 

England 

99.99 

Sodium nitrate NaNO3 BDH company, 

England 

99 

Triton (X100) t-Oct-C6H4-

(OCH2CH2)xOH, x= 9-

10 

CDH, India 99 
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2.1.2. Instruments 

Table (2.2) describes the employed instruments in this study with their companies 

and places.   

                             

Table (2.2): Employed instruments. 

 

 

 

 

 

Instruments Companies Places 

Double -beam-UV-

Visible 

spectrophotometer 

AA-1800, 
Shimadzu, Japan. 

University of Kerbala, 

Science college . 

Digital pH meter OAICTON-2100, 

Singapore 

University of Kerbala, 

Science college 

Electrical hot plate Heido-MrHei-

Standard, Germany 

University of Kerbala, 

Science college 

FT-IR Spectrometers Shimadzu,8400S 

Japan 

University of Kerbala, 

Science college 

Oven Memmert, Germany. University of Kerbala, 

Science college 

Scanning Electron 

Microscopy (SEM) 

(kyky EM) 320., 

USA. 

Isfahan University, 

Iranian Islamic 

Republic 

Sensitive balance BL 210 S, 

SartoriusGerman 

University of Kerbala, 

Science college 

Shaker machine Lab companion University of Kerbala, 

Science college 

X-Ray Diffraction 

Spectroscopy 

Lab X- XRD 6000, 

Shimadzu, Japan 

Isfahan University, 

Iranian Islamic 

Republic 
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2.2. Preparation of Standard Solutions  

2.2.1. Preparation of Eosin yellow dye Solution 

 A stock solution of Eosin yellow dye (100 mg/L) was prepared by 

dissolving (0.1 g) in (1000 mL) distilled water. Then dilute solutions of this dye 

were prepared with concentrations ranging from (1 to 50) mg/L through the 

process of dilution with distilled water. 

 

2.2.2. Preparation of Acid Solution 

 25 mL of hydrochloric acid solution was prepared at a concentration of 3 

mol/L, as 6.62 mL of concentrated hydrochloric acid (1.18 g/mL, 35 % and 36.46 

g/mol) was added to a volumetric bottle of 25 mL containing half of distilled 

water, then the process was completed by adding water. Carefully cold distilled to 

the vial to the mark until obtained a volume of 25 mL. 

 

2.2.3. Preparation of FeSO4.7H2O  Solution 

 250 mL of Ferric sulfate was prepared at a concentration of 0.033 mol/L 

with a molecular weight of 278 g/mol by dissolving 3.33 g of FeSO4.7H2O in a 

250 mL volumetric flask and then completing the solution with distilled water to 

the mark to got 250 ml of FeSO4.7H2O. 

 

2.2.4. Preparation of NaOH Solution 

 1 M of sodium hydroxide was prepared by dissolving 2 g of NaOH in a 50 

volumetric vial and then completing the solution with distilled water to the mark. 
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2.3. Preparation of Iron Oxide Nanoparticles 

2.3.1. Synthesis of Spinel Fe3O4 nanoparticles without Surfactant 

 150 mL of FeSO4.7H2O of 0.033 mol/L was put in a 400 mL beaker. (50 

mg of NaNO3 and 0.56 g of NaOH) were dissolved in 60 mL of distill water then 

put in a 100 mL beaker. Both solutions were heated to 75 
o
C and mixed together 

using the glass rod then heated to 90 
o
C for 10 minutes. A tong was used to pick 

up the produced hot solution. A green suspension was created, which quickly 

turned black. The black color suspension was cooled to 20 
o
C. A Buchner funnel 

was used to filter this black suspension. The resulting black precipitation was 

washed twice with 50 mL of water to remove all salts, and then dried in a 100 
o
C 

oven for 60 minutes. Figure (2-1) shows how the black powder was scraped off 

the filter paper. 

2.3.2. Synthesis of Spinel Fe3O4 nanoparticles with surfactants 

 The same measures were taken as mentioned in the previous paragraph 

(2.4.1) and adding surfactants such as (positive surfactant (CT (cetramide) CTAB 

and, negative surfactant (SDS), and neutral surfactant (X-100) after both solutions 

were heated to 75 
o
C and mixing the both solutions, then completing the other 

steps in this paragraph (2.4.1) as shown in Figure 2-1. The chemical reactions of 

spinel Fe3O4 without and with surfactant were proposed using the equations 

below. 

12FeSO4.7HO+23NaOH+NaNO3→4Fe3O4+12Na2SO4+NH3
↑
+94H2O                                          ….(2-1)  

12FeSO4.7HO + 23NaOH + NaNO3 +surfactant→ 4Fe3O4 + 12Na2SO4 + NH3
↑
 + 94H2O +surfactant             ... (2 -2) 
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Scheme (2-1): The schematic diagram of the steps of Spinal Fe3O4 

Nanoparticle Preparation. 

 

2.4.  Characterization of Spinal Fe3O4   

2.4.1. FT-IR Spectroscopy  

 The FT-IR spectra of the Fe3O4 with and without surfactant substance were 

obtained using CsI powder in the range (400-4000) cm
-1

 using (FT-IR 

Spectroscopy, Shimadzu). 
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2.4.2. X-Ray Diffraction Spectroscopy (XRD) 

 Scherer's equation (eq.3) was used to calculate the mean Crystal sizes (L) of 

all samples,. The equation was based on X-Ray data Diffractionp (XRD). 

Shimadzu's Lab. XRD 6000 instrument was used to analyze the XRD data. This 

instrument employs magnetite with and without surfactant substance as a target 

source with a wavelength of (0.15406 nm(, a voltage of 40.0 kV, a current of 30 

mA, a speed of 12.0000 (deg/min), and an angle (2) range of (20 - 80) deg. 

   
   

       
                                                                                   …..(2-3) 

Here: θ = Bragg angle, λ= 0.15406 nm = wave length of X-ray, β1/2 =Full Width 

Half- maxima (FWHM), )Dpor L) = crystallite size of particle. and k = the Scherer 

constant with value from (0.84 to 0.94)   [71, 72]. 

 

2.4.3. Scanning Electron Microscopy (SEM) 

 SEM analysis (FESEM FEI Nova Nano SEM 450) was used to measure the 

scanning electron microscopy image for all samples (Fe3O4 with and without 

surfactant substance). 

                                 

2.5. Factors Influencing on the Removal the Dye  

2.5.1.Equilibrium Time  

 In order to know and determine the time required to achieve equilibrium 

between the adsorbent surface and the adsorbent, volumetric bottles with a 

capacity of 25 mL were used, in which a concentration of 10 mg/L and a surface 

weigh of 0.01g was used for the dye in ( 60) min. and temperature 298 K, the 

solutions were separated using magnets, and then the absorbance was measured at 

the maximum wavelength 516 nm. 
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2.5.2. Effect of the Weight of Surface Adsorbent 

 Changing the weight of the adsorbent surface has an effect on adsorption, 

so it was studied using concentrations of 10 mg/L of dye and by using different 

weights of the adsorbent surfaces ranged between (0.005, 0.01, 0.02 and 0.03) g 

for magnetite then using a shaking time of (60) min. With the laboratory 

temperature set at about (298)K. After that, these solutions were separated using a 

magnet, and the absorption at the greatest wavelength of the dye was measured 

using a UV-visible device, then the concentration of each dye at equilibrium (Ce 

mg/L) was found based on curves. The previous prepared titration was then 

calculated as the percentage of removal. 

 

2.5.3. Effect of pH on the dye 

 The effect of changing the acidity function on the removal rate and the 

adsorption process was studied by using concentrations of 10 mg/L of dye, while 

fixing the best conditions for the adsorption process, with the change of the acidic 

function within the range (pH = 3,5,6.5,9 and 12), after that. The same measures 

were taken as mentioned in the previous paragraph (2.6.2). 

 

2.5.4. Effect of Temperature 

 The temperature has an effect on the adsorption process, so it was studied 

and the adsorption capacity was known using concentrations of 10 mg/L for the 

dye with fixation of the best conditions for the removal process, with changing 

temperatures within the temperature range (278 - 323) K. Using magnetite as an 

adsorbent. The identical steps as those indicated in the previous paragraph were 

taken (2.6.2). 
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2.6. Adsorption Isotherm  

 In order to obtain the adsorption isotherm for the dye with the adsorbent 

surface (magnetite), different concentrations were used that ranged between 

(5,10,15,20 and 25) mg/L of the dye with a weight of 0.01 g of magnetite, with an 

adjustment of the acidity function. Within the limits of (pH= 6.7) using a shaking 

time of (10 to 60) min, and temperature 298 K. The solutions were separated 

using magnets, and then the absorbance was measured at the maximum 

wavelength 516 nm. as shown in the following equation[73] 

 A= m Ce + b                                                                           ………(2-4) 

A = absorption, m = Slope, Ce = equilibrium concentration (mg/L), b = Intercept. 

 After determining the Ce values, the values of the adsorption weight 

capacity (Qe) were extracted from the following equation [74] 

    
        

 
                                                                        ………(2-5) 

 Where Qe = weight adsorption capacity in units of (mg/g), Ce = the 

equilibrium concentration of the adsorbent solution in units of (mg/L), Co = the 

initial concentration of the adsorbent solution in units of (mg/L), V = total volume 

of the adsorbent solution in units (L), m is weight of the adsorbent in units of (g). 

 The percentage of dye removal (E%) was also calculated using the 

following equation (2-5) [75]. 

E %  
     

   
                                                                     …….(2-6)       

2.7. Equilibrium Isotherm Modeling 

 By adding 0.01g Fe3O4 to various dye concentrations (from 5 to 25) mg/L 

and temperatures (from 5 to 30) 
o
C with the proper pH adjustment, decolonization 

isotherms were discovered. The ideal isotherm model was described using 
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experimental data at equilibrium amounts of dye adsorbed (qe) on the adsorbent 

(Fe-oxide) and dye concentration in solution (Ce) at constant temperatures and pH 

levels. The equilibrium data were described by linear versions of the Langmuir 

and Freundlich equations (Table 2.3). Correlation coefficients were used to 

compare how applicable these equations were (R
2
) [73].  

Table (2.3): Different isotherm models used in this study and their linear 

forms 

Isotherm Nonlinear form Linear form Plot 

Langmuir  qe 
    

      
 

 

  
 (

 

     
)      

 

  
  

 

 

  
     

 

  
  

Freundlich qe KF Ce
1/n Log qe=log KF + 1/n log Ce Log qe VS log Ce   

Temkin qe 
  

  
            qe 

  

  
     

  

  
       qe vs. ln Ce 
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Chapter Three 

Results and Discussion 

3.1. Verify the Elements of the Preparation Equation Fe3O4 NP 

 Preparation of Fe3O4 NP in the presence and absence of surfactant according 

to the method described in paragraph (2.4) and the results of equations (2-1 and 2-

2) were inferred by conducting a number of detections that showed the formation 

of sodium sulfate, it was in a soluble state in the filtration solution. It was noticed 

that the addition of barium chloride to the filtrate was white turbidity due to barium 

sulfate as explained in the Fig 3.1(a). As for ammonia in a gaseous state where a 

white cloud is formed on the rod glass moistened with HCl near the beaker's 

nozzle, and the color of the litmus paper changed from red to blue as shown in the 

Fig 3.1(b) and this indicates that the formed precipitate is only magnetic iron. It 

was inferred by the attraction of magnet 

 

Figure (3.1): Detection of the Chemicals Compounds During the Magnetic 

Iron Nanoparticle Preparation such as (a) Na2SO4 solution and (b) NH3  gas. 

 

 

 

a b 
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3.2. Characterization of Fe-oxide NPS 

 FT-IR, X-Ray Diffraction (XRD), scanning electron microscopy (SEM) and 

Energy-dispersive X-ray spectroscopy (EDX) were used to evaluate the generated 

Fe3O4 nano powder. The details regarding chemical composition were given by 

EDX. By using SEM, the oxides' shape and particle size were evaluated. The 

information regarding the crystalline structure and particle size was discovered 

using XRD analysis. 

3.2.1. FT-IR spectral analysis 

 The identification of substances is helped in some qualitative ways by FT-IR 

spectrum analysis. IR light is absorbed by both inorganic and organic substrates, 

making them IR active. Oxides and hydroxides of metal nanoparticles typically 

produce an absorption peak below the wavelength of 1000 nm, or in the finger print 

zone, as a result of interatomic vibrations. FT-IR spectra of Fe3O4 with and without 

surfactants are shown in Figure 3.2 to provide some insight into the structure of the 

synthetic oxides. Figure a the large peak at 3163.36 cm
-1

, which belongs to the O-H 

group, as well as the peak at 1100 cm
-1

, which explains the O-Fe-O as an 

octahedron bending, are both seen in the FTIR spectra for all manufactured 

magnets. Form b depicts the broad peak at 3340 cm
-1

 beyond to the O-H stretching 

of the iron oxide and another peak at 3028 cm
-1

 assignment to the N-H bending in 

addition to the peaks between 2924 and 2850 cm
-1

 represent stretching C-H. As for 

the Fe-O bonding, it is in locations between 640 and 598 cm
-1

 that present to the 

tetrahedral curvature [76, 77]. The O-H bending is explained by the peak at 1207 

cm
-1

. Fe-O octahedral and tetrahedral bending are shown by the more intense bands 

between 744 and 598 cm
-1

[78] . The same is true for the spectra of c, d, and e; the 

magnetic iron oxide spectrum shows the same peaks, with the addition of a few 

different peaks that are associated with the active groups in the surfactant molecule. 
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The same holds true for the spectra of c, d, and e, with the addition of some distinct 

peaks that are related to the functional groups in the surfactant molecule, such as 

the peak at 3159 cm
-1

 that denotes N-H bending, the peak at 1111 cm
-1

 that 

illustrates O-Fe-O the octahedron bending, and the absorption at 1739 cm
-1

 that was 

brought on by C=O stretching in Figure (e). 

 

Figure (3.2): The FT-IR spectra of magnetite with and without surfactants, 

including Fe3O4 (a), Fe3O4+CT (b), Fe3O4+CTAB (c), Fe3O4+SDS (d), and 

Fe3O4+Triton X100 (e). 

 

3.2.2. X-ray diffraction (XRD) analysis 

 The crystallographic structure, chemical makeup, and physical 

characteristics of materials can all be learned about using the non-destructive 

analytical technique known as X-ray scattering. This method is based on measuring 

the intensity of an X-ray beam that scatters when it hits a sample as a function of 

incident and scattered angles, polarization, and wavelength or energy. Based on the 

elastic scattering of X-rays from the individual atoms' electron clouds, X-ray 

diffraction provides information about the atomic structure of materials. The 
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dynamical theory of diffraction provides the most thorough explanation of crystal 

scattering. In polycrystalline or powdered solid materials, powder diffraction 

(XRD) is a technique used to characterize the crystallographic structure, crystallite 

size (grain size), and preferred orientation. By comparing diffraction data to a 

database kept by the International Centre for Diffraction Data, powder diffraction is 

frequently used to identify unidentified compounds. Magnetite NPS with and 

without surfactants, XRD patterns are shown in Fig. 3.3. The scattering pattern for 

the tested samples powder, 2θ at λ= 1.54056 nm as a function of Bragg angle is 

shown in those figures. Figure (3.3-a) shows the results of an XRD analysis of 

magnetic iron oxide nanoparticles made without the use of surfactants. Diffraction 

peaks' occurrence at 2θ values of 18.96° (111), 30.4° (220), 35.64° (311), 43.4° 

(400), 53.16° degrees (422), 57.32° degrees (511), 63.12° degrees (440), and 

73.12° degrees (553) are in agreement with the common XRD results of the spinel 

Fe3O4 structure. Additionally, it was noted that when surfactants were applied, 

some values vanished and their relative intensities varied, with the peak at 2θ 

values of 18.96 degrees (111) disappeared when using Triton X100, Cetrimide, and 

CTAB in addition to the increase in the relative strength of the 35.64° degrees 

peaks. (311), 43.4° degrees (400), 53.16° Degrees (422), 57.32° degrees (511), 

63.12° degrees (440), and 73.12° degrees (553). When both ceramide and CTAB 

are used, the prepared nanoparticles. The position and relative strength of the 

diffraction peaks agree well with the standard phase magnetite NPs diffraction 

pattern of the International Center of Diffraction Data card. The Fe3O4 

nanoparticles for all forms in figure 3 (a) to (e) are well crystalline (JCPDS No. 19-

0629)[79]. Using the Debye-Scherer formula according to the equation (2-3), the 

mean crystal diameters of the produced magnetite nanoparticles without and with 

surfactants were computed [71, 72].Due to its size value being less than 10 nm, 

iron oxide nanoparticles were considered to have a quantum dot, with a mean 

crystal size of 8.5 nm. This value is consistent with other nanoparticle studies that 

have been described in references  [80, 81]. However, the mean crystal size rises to 
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21.55 nm, 27.72 nm, 27.66 nm and 22.53 nm for Fe3O4+Triton X-100, 

Fe3O4+CTAB , Fe3O4 + SDS and Fe3O4 + Cetramide respectively when addition 

the surfactants. following the addition of surfactants during the synthesis of iron 

oxide NP because to the behavior of surfactants as template. The hydrophobic 

terminals of the iron oxide NP nanoparticle crystal are located around the 

surfactants, while the hydrophilic terminals are located far away from the solution. 

As a result, when the surfactants are dissolved in aqueous solutions, the mean 

crystal size of iron oxide increases. Additionally, because to his small size and 

magnetic properties, that will shield iron oxide from the agglomeration before 

adding the surfactant materials.
 

 

 

 

 

 

 

 

Figure (3.3): The magnetite's XRD analysis without and with its surfactants 

(a) Fe3O4, (b) Fe3O4+Triton X-100, (c) Fe3O4+Cetramide, (d) Fe3O4 + SDS and 

(e)Fe3O4 +CTAB. 

3.2.3. Scanning electron microscopy (SEM) analysis 

 The surface of the sample is imaged by the scanning electron microscope 

(SEM), a form of electron microscope, using a high-energy electron beam in a 

raster scan pattern. The sample is made up of atoms with which the electrons 

interact to produce signals that provide information about the sample's surface 

topography and composition. According to figure 3.4. (a-e) for the SEM study, the 
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small iron oxide nanoparticles are aggregated into larger particles, and the particle 

size of iron oxide nanoparticles was shown to grow with the following sequences: 

(20-30 nm), (41-50 nm), (43-52 nm), (42-50 nm), and (42-50 nm) for iron oxide 

NP, and with SDS, triton X100, CTAB and cetramide, respectively. This behavior 

indicates that all prepared NP are polycrystals, and the results are consistent with 

those of other studies that have been published [82, 83] 

 

a 

b 



Chapter Three    Results and Discussion 

42 
 

Figure (3.4): The scanning electron microscope (SEM) images of (a) magnetite 

without cetramide, (b) Fe3O4 +CT, (c) Fe3O4 +CTAB, (d) Fe3O4 +SDS and (e) 

Fe3O4 +Triton X 100. 

c 

d 

e 
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3.3. Applying Fe3O4 NP in the Removal of the Organic Contaminants  

 The removal of contaminants represented by the Eosin yellow dye , the 

calculation of the dye's maximum concentration and calibration curve have both 

been attempted using nanomaterials, such as Fe3O4. The absorption spectra were 

recorded using a spectrophotometer (UV-visible), within the range (400-800 nm), 

using cells of glass thickness (1 cm), in order to identify the maximum wavelength 

at which the maximum absorption (     ) of aqueous solutions of Eosin yellow 

dye is attained. Eosin yellow dye has a value of      ) of 516 nm, as demonstrated 

in Figure 3.5. 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.5): (a) UV-Visible Absorption Spectrum for an Eosin yellow dye 

solution (b)calibration curve for the determination of Eosin yellow dye in 

aqueous solution at 516 nm wavelength. 

 

3.4. Using Magnetic Nanoparticles to Remove the Dye Eosin Yellow 

 The eosin yellow dye, a water contaminant, was removed using the produced 

nanoparticles. The % E removal for utilizing Fe3O4 increases after using surfactants at 

 

b 

  

a b 
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the varied dye concentrations of 10 and 25 mg/L, as shown in Figure 3.6. Due to 

the higher number of dye ion collisions with the catalyst surface (Fe3O4 NP) during 

the adsorption process, the high concentration of dye (25 mg/L) was removed more 

quickly than the low concentration of dye (10 mg/L). The highest E % removal 

achieved with (Fe3O4 + cetramide) as a surfactant was 94.7% at 25 mg/L dye (pale 

blue column) and 0.05 g of NP, and 94.6% at 10 mg/L dye and 0.05 g NP (green 

column).  

Figure (3.6) also shows that the adsorption capacity (qe) for employing Fe3O4 

increases when cetramide is used as a surfactant. The greatest qe was 2.37 mg/g 

when using 25 mg/L with 0.05 g of the nanoparticle (pale blue column) and 0.95 

mg/g when using 10 mg/L with 0.05 g. The best results for removal are obtained 

when using cetramide as a positive surfactant, Figure (3.7) illustrates the role of 

using cetramide during the preparation of iron oxide NP.  

Based on the hydrophobic part of this surfactant being arranged towards the surface 

of Fe3O4, while the dye attractive with the hydrophilic part of surfactant that have a 

positive charge in aqueous solution, the attractive force will increase on iron oxide 

NP, which prepared in presence a cetramide. The positive charge of the surfactant 

will attract the negative components in the dye, enhancing the removal of the dye 

from aqueous solution[84, 85]. 
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Figure (3.6): Relationship between produced nanoparticles with various 

surfactants and the E% (a) and qe  (b) of dye removal at 60 minutes. 

 

b 
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Figure (3.7): Fe3O4 nanoparticles in the presence of the surfactant (cetramide) 

are used as a mechanism to remove the dye from its solutions. 

3.5. The efficiency of surfactant (cetramide) on created 

Fe3O4nanoparticles  

 Due to the adsorption of eosin yellow dye (10 mg/L) by Fe3O4 particles 

created by the presence of the surfactant, this process can operate in reverse and it 

is the adsorption process that will diminish with repeated use at 298 K and 60 min. 
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This situation may arise during the saturation process of the active site of 

synthesized nanoparticles caused by the adsorption of dye particles. The amount of 

eosin yellow dye removed from aqueous solutions decreased from 94.48 % in the 

first stage to 75.61% Figure 3.8, which is a good percentage when the process is 

repeated five times. Additionally, the amount of dye adsorption decreased from 

4.72 mg/g to 3.75 mg/g, which shows that 0.01 g of nanoparticles has the ability to 

be used repeatedly several times but that its effectiveness decreases in small 

amounts when the process is repeated repeatedly as shown in the Figure 3.9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (3.8): The five-fold elimination of dye by Fe3O4 nanoparticles in the presence 

of cetramide  
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Figure (3.9): The correlation between the amount of substance that adsorbs on 

Fe3O4 nanoparticle sizes in presence of a cetramide in mg/g while utilizing 

Fe3O4 nanoparticle sizes in presence of a cetramide repeatedly. 

 

3.6. Suggested  mechanism of effect using surfactant on the 

adsorption  

 Based on the outcomes of produced experiments, Fig. 3.10 presents the 

proposed mechanism for the Fe3O4 nanoparticles coated with the produced cationic 

surfactant, cetramide in addition the dye. When using a cationic surfactant, the 

positive head group of the surfactant's molecules may electrostatically bind to the 

negative surface of the magnetite particles, causing the surfactant to be particularly 

adsorbed there .As a result of the surfactant's polar head (hydrophile) and non-polar 

tail (hydrophobic) as in Fig. 3.10, it is shown that the surfactant molecules align 

themselves with the hydrophilic magnetite particles, adsorb on their surface also 

since the hydrophobic end is surrounded around Fe3O4 nanoparticles and the 

charged end is in water, the negatively charged particles of the dye are attracted to 
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the positive end of the cetramide, and leave a clear space between the head groups 

and the magnetite particles. The reverse micelles method is basically a water-in-oil 

emulsions that generate reverse micelles, which act as nonreactors for various 

physico-chemical processes. In this particular case, a reverse micelle solution is 

created by inversion of typical surfactant micelles , which encourages the creation 

of reverse micelles. On the other hand, it has been demonstrated that the ionic 

surfactant micelles' lifetime in aqueous solution, i.e. the characteristic 

micellization-dissolution equilibrium time noticeably increases with increasing 

hydrophobic tail length [86-88]. 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.10): Referring to Adsorption of the surfactant and dye on the 

catalyst (Fe3O4 NP) and Micelle and Reverse Micelle Solutions Schematic, 

taken from this source. 
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3.7. Study Factors influencing on Removal of Eosin yellow Dye from aqueous 

solution  

This part includes clarification of some factors that affect the use of Fe3O4 in 

removing Eosin yellow dye that pollute water. In addition, the work includes 

adsorption isotherms, theoretical models that describe isotherms and 

thermodynamic functions of the adsorption processpand factors include:  

3.7.1. Equilibrium Time of Adsorption System 

 In order to ascertain of time needed to achieve equilibrium between the 

adsorbent surface and the adsorbent because of the time is from the parameters that 

impact the E%, in which a concentration of 10 mg/L and a surface weight (Fe3O4) 

of 0.01 g for the dye were inserted. Shake for intervals of 10, 20, 30, 40, 50, and 60 

minutes at laboratory temperature (298K). The absorbance was then determined at 

the dye's maximum wavelength, 516 nm, after the magnetite NP had been separated 

using a magnet. The results shown in Figure 3.11 and table 3.1, demonstrate that 

the time 60 min is the best equilibrium time for Eosin dye because it reaches an 

equilibrium state where all of the active sites in the adsorption material have been 

occupied by the dye separately by forming hydrogen bonds with the oxygen ions 

present on the surface of the adsorbent material. This was fixed in subsequent 

experiments. 

Table 3.1. The removal percentages of Eosin yellow dye from aqueous solutions using Fe3O4 

surface at different times and 298 K 

Time/min.  Removal% = (
     

  
      

10 
78.177 

20 
80.359 

30 
84.595 

40 
86.777 

50 
91.270 
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60 
94.480 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.11): Effecting of equilibrium time on removal efficiency % of Eosin 

yellow dye 

 

3.7.2. Effect of the Weight of Surface Adsorbent 

The removal of the Eosin yellow dye is affected by changes in the weight of the 

adsorbent surface (magnetite NP), so this effect was investigated using 

concentration (10 mg/L), an equilibrium time (60 min.) of the amount, and at a 

temperature of 298 K with the use of various weights of the adsorbent surface that 

ranged between (0.005, 0.01, 0.02 and 0.03) g at 298 K and pH 6.5 , as is Fig.3.12.p

Table 3.2. Due to the availability of a larger surface area with an increase in the 

number of active sites prepared for adsorption, the percentage of dye removal (E%) 

rises with the weight of the adsorbing surface [89], which in turn causes an increase 

in the amount of Eosin yellow dye being adsorbed from the solution.  
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The amount of adsorbent material in the saturation stage, which means that the 

surface is saturated with the adsorbent and is not affected by an increase in the 

weight of the adsorbent surface (Fe3O4), is represented by the removal percentage 

(E%), which increases until it reaches a specific value, and it constant means that 

the amount is constant. Therefore, the weight of 0.01 g provided the best adsorption 

rate for the dye. Discovered that 0.01 g was the best due to the E% in the other 

weights was slightly raised in comparison to 0.01 g, and we also took into account 

the cost of the manufactured Fe3O4 NP. 

Table (3.2): Explaining Eosin dye removal percentages from aqueous solutions employing 

various weights from the surface of Fe3O4 NP at 298 K 

Wt. (g)  Removal% =(
     

  
      

0.005 
80.231 

0.01 
94.500 

0.02 
95.000 

0.03 
96.000 
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Figure (3.12): Effecting of surface weight of Fe3O4 on clearance rate of Eosin yellow dye 

3.7.3. Effect of pH 

 One of the key factors influencing the dye and process of the removal the 

dye from its solutions is pH, often which that effect on the resonance of the dye 

(mesmeric effect) of the dyes which caused to shifting the colors from medium to 

other therefore was studied the effecting the pH and applied the removal percent 

(% E). With pH, adsorbate's chemical properties change. The degree of ionization 

and speciation of different dyes is influenced by the pH of the solution, which 

ultimately changes the reaction kinetics and equilibrium properties of the 

adsorption process.Fig.3.13p and table (3.3) displays the E removal % of dye 

removal at various pH values for an initial dye concentration of 10 mg/L. % E is 

significantly impacted by pH. modifying the chemistry of the dye molecules as 

well as the surface of Fe3O4 NP inside aqueous solutions. As a dipolar of Eosin 

yellow dye when it in the low pH molecules. Eosin yellow dye contains a 

carboxylic group, carbonyl groups and phenolic groups. These groups are naturally 

nucleophilic [90]. The dye is released when the pH of the dye solution drops. 

Protonated molecules are removed on the surface of the magnetite produced by the 

surfactant cetramide. This figure shows that for an initial dye concentration of 10 

mg/L, removal % was approximately 60.20 % at pH 3, 61.85% at pH 5, and a 

higher value of  % E elimination  was 95.68% at pH 6.5. (pH of the dye), pH elevation 

resulted in a decrease in % E  removing. Using a 10 mg/L starting dye concentration, 

the removal percentage was 38.87 % at pH 9 on other hand it a negligibly low 

14.65 % at pH 12, because the active sites were occupied by OH
-
 groups and there 

was a repulsion between the OH
-
 groups of the dye and iron nanoparticle as the Fig 

3.14, the basic medium had no effect on the dye concentration and the removal % 

was very low.  
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Table (3.3): Eosin dye removal percentages from aqueous solutions using the surface of 

Fe3O4 NP  at various initial pH and at 298 K 

pH  Removal% =(
     

  
      

3 60.201 

5 61.853 

6.5 95.681 

9 38.874 

12 14.657 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.13): Effecting of pH on the desorption of Eosin yellow dye. 
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Figure (3.14): (a) Structure of eosin in acidic and basic medium adapted from 

this references [91, 92] and (b) Schematic for repulsion  of OH groups onto 

iron oxide NP modified from this reference [93] 

 

3.7.4. Effect of Temperature on Removal of Dye 

 Temperature can have an impact on both the structure of the dye and how 

well it is removed by magnetite nanoparticles. Therefore, the influence of 

temperature from (278 to 323) K on the incubation duration of (10 to 60) minutes, 

the dye employed, the % E elimination and qe were evaluated. According to the data in 

figure 3.15,table (3.4) ,the removal values rise as the temperature rises. This behavior 

shows that as the temperature rises, dyes become more mobile and have higher 

kinetic energies, making it easier for them to reach the surfaces of active sites. It 
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also shows that as pores become larger and depigment, the dyes' propensity for 

adsorption on catalyst surfaces increases [84, 94]. Higher value of E% and qe was in 

303 K. On the other hand, at high temperatures like 313 K and 323 K, the E removal% 

falls. This is the reasoning behind the dye concentration with vaporization of the 

aqueous solutions. 

Table (3.4): Referring to Eosin dye removal percentages from aqueous solutions by using 

various weights from the surface of Fe3O4 NP at 298 K 

Time/min.  Removal% =(
     

  
      

5 77.692 

15 90.439 

25 92.375 

30 94.625 

40 81.170 

50 81.100 
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Figure (3.15): The impact of temperature on the efficacy of iron oxide nanoparticles (NP) 

produced in the presence of cetramide surfactant in the removal of dye (a) E % with the 

time (b) qe with the time. 

 

3.8. Thermodynamics parameters 

In order to investigate the type of adsorption process that occurred on any solid surface, 

thermodynamics parameters are essential. Equation (1.11) was used to initially determine the 

sorption distribution coefficient (kd) [94, 95], Cads. is the amount of adsorbate (dye) on the solid 

surface (Fe3O4 in presence and absence cetramide) and Ce is a residual dye (mg/L) in a solution at 

equilibrium. Used the equations (1-10 to 1-14) to determining thermodynamics factors. 

Comparison kinetic and Thermodynamic between magnetite NP produced by cetramide and 

Fe3O4 without cetramide as shown in table 3.5 is based on the results in figures 3.16 and 3.17 as 

well as table 3.6., for adsorption isotherms magnetite with and without surfactants.                                       

      Table (3.5): The Thermodynamic Parameters for eosin yellow dye adsorption on Fe3O4 

surface prepared in presence and absence cetramide at (278-303) K. 
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Ea 

kJ mol
-1

 
T/K 

ΔG
o 

kJ mol
-1

 

ΔS
o 

kJ mol
-1

 

ΔH
o 

kJ mol
-1 

Ln kd (1000/T) Adsorbate 

39.040 278 -3.273 

0.144 36.729p

-1.053 3.597 
Fe3O4 in 

presence 

cetramide 

39.124 288 -5.463 -2.091 3.472 

39.207 298 -6.134 -2.305 3.355p

39.248 303 -7.122 -2.684 3.300 

-147.433 278 27.119 

40547- -149.827 

1.022 3.472 Fe3O4 in 

absence 

cetramide 

-147.391 293 27.673 0.158 3.412 

-147.349 298 28.229 -1.177 3.355 

-147.308 303 28.787 -1.970 3.300 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

a 
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Figure (3.16): Compares the form relationship between Eosin yellow dye that 

was adsorbed on Fe3O4 surface (a) in the absence of cetramide and (b) in the 

presence of cetramide as a surfactant at 1h. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.17): Referring to Gibb’s free energy change (G
o
) versus temperature for (a)       

Fe3O4 with cetramide (b) magnetite without cetramide 

a 

b 
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Table (3.6): Comparing the adsorption isotherms for Fe3O4 surfaces produced 

with and without cetramide 

Fe3O4  with cetramide Fe3O4  without cetramide 

It has a positive ΔH
o
 (36.729 kJ mol

-1
) 

magnitude and is endothermic in nature. 

It is exothermic and has a negative ΔH
o
   (-

149.827 kJ mol
-1

) magnitude. 

Chemisorption is a method because ΔH
o
 is 

more valuable than (24) kJ mol
-1

 [34] 

Physisorption is a method because ΔH
o
 is 

lower than (24) kJ mol
-1

 

S
o
 magnitudes is modest and positive 

(0.14467 kJ mol
-1

) that implies the 

solid/solution interface becomes more 

random; as a result, the adsorption mechanism 

occurs as an associative mechanism with 

changes in the internal structure [34, 96]. 

Inferring that the ΔS
o
 for solid/solution 

interface becomes lower randomness therefore 

the value is lowest and negative (- 0.5073 kJ 

mol
-1

). 

the positive activation energy values rise as 

the temperature rises from (39.040 to 39.248) 

kJ mol
-1

  

As the temperature increases, the negative 

activation energy values increase from (-

147.433 to -147.308) kJ mol
-1

. 

As a result of the activation energies value 

being between(8.4 and 83.7)  kJ mol
-1

 therefor 

it is chemisorption process  [34]. 

Because the activation energies are not 

between 8.4 and 83.7 kJ mol
-1

, the process is 

physisorption. 

The fact that the negative ΔG
o
 magnitudes 

decreased as the temperature rose suggests 

that the reaction is favorably spontaneous 

and does not require energy from an external 

source to transform reactants into products. 

The magnitudes ranged from (-7.122 to -

3.273) kJ mol
-1

[34], so previously reported 

findings of a similar nature concur with the 

thermodynamics findings[94].                                                   
 

Given that the positive ΔG
o
 magnitudes grew 

as the temperature increased, it seems unlikely 

that the reaction is favorable and spontaneous. 
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3.9. Isotherm Models in Difference of Concentration in ppm 

 In this study, we tried to using the isotherm equations given by Freundlich, 

Langmuir and Temkin in presence of the difference concentrations, to fit the 

revealed experimental data for Eosin dye removing.The relationship between the 

amount of dye that has been removed and the dye concentration that is still present 

at equilibrium is expressed by the adsorption isotherm [97]. In this study, the non-

linear Langmuir and Freundlich models were fitted to experimental data from 

adsorption isotherms to describe the adsorption process. The monolayer adsorption 

of the adsorbate on certain homogenous sites inside the adsorbent is described by: 

3.9.1. Langmuir model as the figure 3.18pprovides the nonlinear Langmuir model's 

expression. Utilizing Langmuir isotherms to compare magnetite with and without 

cetramide allowed for the analysis of the experimental adsorption data. Using the 

correlation coefficient R
2
, the applicability of various isotherms was compared. 

Table 3.7 contains the values for the other isotherm parameter. The examined 

adsorption isotherms in the instance of Fe3O4 NP that was produced with cetramide 

corresponded to experimental data, as seen in Table and based on the R
2
 values 

[98]. 

Table (3.7): Compares the Fe3O4 without and with cetramide in the Langmuir models 

Langmuir for Fe3O4 + cetramide Langmuir for Fe3O4 Models 

-120.403 1.60 x 10
2
 K Lp(L/mg) 

0.431 244.498 q maxp(mg/g) 

0.6406 0.4952 R
2
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Figure (3.18): Plots of the Langmuir equation for Fe3O4 NPS in (a) and Fe3O4 

NPS in (b) the presence of cetramide. 

3.9.2.Freundlich isotherms 

The experimental adsorption results were analyzed by comparing magnetite with 

and without cetramide using the Freundlich. Using n and the R
2
 correlation 

 

b 

a 
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coefficient, It is more closely followed than the Langmuir equation when dye is 

adsorbed on produced Fe3O4 using cetramide, as evidenced by the n value being 

close to 1. This suggests chemisorption. As depicted in figure 3.19 and detailed in 

table 3.8, It is discovered that the processes of physical adsorption for Fe3O4 

without cetramide and chemical adsorption for employing produced Fe3O4 with 

cetramide as surfactant. 

 

0.6 0.7 0.8 0.9 1.0 1.1

3.0

3.2

3.4

3.6

3.8

4.0

lo
g 

q 
e

log Ce

Equation y = a + b*x

Intercept 2.18278 ± 0.

Slope 1.41281 ± 0.

Adj. R-Square 0.52673
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  Figure (3.19):  Plots of the Freundlich equation for Fe3O4 NPS in (a) and 

Fe3O4 NPS with cetramide in (b). 

a 
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Table (3.8): Comparative Freundlich models for Fe3O4 without and with 

cetramide as the surfactant 

 

 

3.9.3.Temkin isotherm: It used in the analysis of the experimental adsorption data 

to compare magnetite with and without cetramide in figure 3.20. The correlation 

coefficient R
2
 was used to compare these isotherms' applicability. The values for 

the isotherm constants A and B are compiled in Table. It is evident from Table 3.9 

and based on the R
2
 values that the considered adsorption isotherms in the case of 

Fe3O4 that was produced with cetramide matched experimental data. 

 

 

Table (3.9): Constant values of Temkin equation 

Temkin Equation for Fe3O4 + 

cetramide 

Temkin Equation 

for Fe3O4 

Models 

6.175 0.704 B 

0.255 0.041 KT 

0.9304 0.5013 R
2
 

 

 

 

 

 

 

Freundlich equation for Fe3O4 + 

cetramide 

Freundlich equation for 

Fe3O4 

Models 

0.338 152.328pKf=(mg g
-1

)(L mg
-1

)
1/n

p 

0.864 1.283 np(g/L) 

0.999 0.526 R
2
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Figure (3.20): Plots of the Temkin equation for Fe3O4 NPS in (a) and Fe3O4 

NPS with cetramide in (b). 
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3.10. Conclusions 

Based on the empirical study was conducted, the following conclusions were 

reached: 

1. It was found that the preparation of iron oxide nanoparticles with surfactants had 

a higher efficiency than iron oxide nanoparticles that prepared without a 

surfactant. 

2. Characterization techniques such as XRD, FT-IR and SEM showed the success 

of preparing iron oxide nanoparticles without and with using surfactants. 

3.  All prepared samples found as nanomaterials with irregular spherical shapes that 

aggregated together like- broccoli. 

4. The FT-IR analysis demonstrated the Fe-O octahedral and tetrahedral bending 

Peaks, and all samples are inverse spinel. 

5. The mean crystal size of iron oxide nanoparticles arises after addition of various 

surfactants as template. 

6. The using of Fe3O4 NPs as magnetic adsorbents was successes and economy for 

removing the eosin yellow dye from aqueous solutions. 

7. The best adsorbent material for removing eosin yellow dye is (Fe3O4 + 

cetramide) that given higher removal percentage compared to other iron oxides 

nanoparticles for 60 minutes.  

8. The neutral medium (pH 6.5) is given a best removal of eosin yellow.  

9. The removal efficiency increases with the increase in temperature as a result of 

the increase in kinetic energy. 

10. The thermodynamic study showed that the process of adsorption of iron oxide 

nanoparticles with cetrimide is an endothermic process, spontaneous and  
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chemisorption, but without cetramide the adsorption is physical with exothermic 

process and spontaneous . 

11. Isotherm study explains that (Fe3O4 + CT) is applying on Langmuir, Freundlich 

and Temkin models contrary magnetite without cetramide . 
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3.11. Future Studies 

1. Preparation of iron oxide nanoparticles using environmentally friendly 

methods, being less expensive and non-toxic, and bonding the nanoparticles 

with other surfactants. 

2. Characterization of the prepared surfaces using other techniques such as atomic 

force microscope (AFM), thermo gravimetric analysis (TGA), BET surface 

area, and Raman spectroscopy, to identify the surface area, the active sites on 

the surface and the thickness of the nano-layer. 

3. Studying the effect of other factors on the adsorption process, such as ionic 

strength, surfactants concentration, and shaking speed. 

4. Study the biological activity of prepared materials. 

5. Study the mechanical and electrical properties of prepared materials. 
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 الخلاصة

pخطٕطpْزاpٚشزًم pثبعزخذاوp،pانعًمpعهpٗثلاثخ نزسضٛشppيجزكشpِرشعٛتpرقُٛخpانخظpالألpرى

يخزهفخppيٕادpاعزخذاوpٔيعpثذpٌٔانُبَٕٚخpانًغُبطٛغٛخpثٕخٕدpالأكغدpٍٛاندpFe3O4ppٕ٘خضٚئبد

pرشٚزp(SDSp)،pٌٕانصٕدٕٚوpدٔدٚغٛمpكجشٚزبدpرنكpفpٙثًبpكقٕانت،pانغطسpٙنهزٕرشpخبفضخ

X100p،pثشٔيٛذpعٛزشًَٕٕٚٛوp(CTABp)،pٔعٛزشايٛذ(CT)p0pزضشدpخضٚئبدpأكغٛذpانسذٚذp

pيسهٕلpديح،pعُذp(Fe2O3. FeO)pيعكٕطpإعجُٛٛمpشكمpعهpٗانُبَٕٚخp(Fe3O4p)انًغُبطٛغٙ

pأp٘ثذpٌٔانزسضٛشpانصٕدٕٚوpَٔزشادpانصٕدٕٚوpْٛذسٔكغٛذpيpٍيبئpٙخهٛظpيعpانسذٚذpكجشٚزبد

pالأكغدp0ٍٛغبصpرسذpخpٕيpٍكهغُخ

pp،َٙانثبpانعًمpخظpخلالpٍرىيpانزعشفpٗعهpخضٚئبدpكغٛذٔأpانسذٚذpانُبَٕٚخp(Spinel Fe3O4p)

p(FTIRpانسًشاءpرسذpثبلأشعخpانطٛفpٙانزسهٛمpرنكpفpٙثًبpرقُٛبد،pعذحpثبعزخذاو )،pٔرسهٛمp

p(XRD)،pٔpانغُٛٛخpالأشعخpزٕٛد p(SEMpالإنكزشpَٙٔانًغريدٓش 0)p pطٛفpرسهٛمpأظٓشار

بpانسًشاءpرسذpلأشعخا ًً pعىp598-744pعُذpيًٛضحppقً
-1

،pيًبpٚؤكذpٔخٕدpْٛبكمpسثبعٛخpانغطٕذp

p0انًعكٕطpالإعجُٛٛمpثبعزجبسْبpانًسضشحpانُبَٕٚخpانسذٚذpكغٛذٔأpندغًٛبدpانغطٕذpٔثًبَٙ

pانغطسpٙنهزٕرشpخبفضخانpعٕايمانpيعpٔثذpٌٔانًسضشحpانعُٛبدpأpٌانغُٛٛخpالأشعخpزٕٛدpأٔضر

ْٙpثهٕسٚخp،ثطجٛعزٓبpٔرشأذpزدًٓبpَٕ٘انُبppp pنهزٕرشpخبفضخpيٕادpثذpٌَٔبَٕيزش805p)يٍ

pانغطسpٙنهزٕرشpانخبفضخpانًٕادpثبعزخذاوpَبَٕيزشp27072pإنpٗانغطسٙ 0)p pانـpصٕساظٓشد

SEMpندغًٛبدpكغٛذٔأpانسذٚذpانُبَٕٚخpانًسضشحpٌٔثذpٔثبعزخذاوpيٕادpخبفضخpنهزٕرشpٙانغطسp

pرادpآَبppأشكبلًاpكشٔٚخpّيزدًعpّشجpيقبطعpثٓٛئخpيُزظًخpرادpّرشجpَبَٕٚخpْٛبكمpٙانجشٔكهp0p

بدحpكpًانُبَٕٚخpانسذٚذpكغٛذٔأpخضٚئبدpذاعزخذايp،يpٍخلالpانخظpانثبنثpنهعًمppأخشpَٖبزٛخpيٍ

pانًبئٛخpانًسبنٛمpيpٍصجغخpالإٚعpٍٛانصفشاءpلإصانخpيبصِ pايزضاصpردشثخpإخشاءpرىpانجذاٚخpف0ٙ

pعهpٗكبَذpنهصجغخpإصانخpَغجخpأفضمpأpٌٔخذpزٛثpانصجغخ،pثبردبpِانًسضشحpالأعطرpندًٛع

p(Fe3O4+cetramidepغٛزشًٚٛذانpيعpانُبَٕٚخpانسذٚذpكغٛذٔأpخضٚئبدpعطر )،pٔصهذ زٛثp

 p9407p0٪إنٗالإصانخppَغجخ

pثبعزخذاوpانسذٚذpأكغٛذpغطرنالايزضاصpعًهٛخpعهpٗانًؤثشحpانعٕايمpدساعخpرًذpرنكpثعذ

pثأكبعٛذpيقبسَخpأعهpٗإصانخpكفبءحpثبنغٛزشايٛذpانًسضشpFe3O4pأعطpٗٔقذp،pفقظpانغٛزشًٚٛذ

pانًسضشحpانسذٚذ انزشجعppنًشزهخpرصمpززpٗالارضاpٌصيpٍثضٚبدحpرضدادpالايزضاصpععخpاpٌٔخذ0

pدقٛقخp64pثضيpٍ)الارضاٌ( 0pأثُبءp pظٓشدpالايزضاصpعًهٛخpعهpٗانغطرpكًٛخpرأثٛشpاخزجبسpثًُٛب
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pانصجغخpايزضاصpٔكبp،pٌانغطرpيغبزخpنضٚبدحpَزٛدخpانغطرpكزهخpصٚبدحpيعpالإصانخpكفبءحpفpٙصٚبدح

pغىp4041pٔصpٌعُذpفبعهٛخpأكثشpثشكم pعهpٗٔاضسًبpرأثٛشًاpانٓٛذسٔخpُٙٛالأطpعبيمpأظٓش0

ٔرنكp(p605pانٓٛذسٔخpُٙٛانشقى)pيزعبدلpٔعظpفpٙنهصجغخpإصانخpأفضمpأpٌٔخذpزٛثp،pالإصانخ

0pانصفشاءpانصجغخpركpٍٕٚفpٙيعبدنخpيدًٕعبدpٔخٕدpإنpٗٚشخع

pانطبقخpنضٚبدحpَزٛدخpانسشاسحpدسخخpصٚبدحpيعpرضدادpالإصانخpكفبءحpأpٌٔخذp،pأخشpَٖبزٛخpيٍ

pكًبppعطرpعهpٗانُشطخpانًٕاقعpإنpٗانصجغخpخضٚئبدpٔصٕلpٚغٓمpيًبp،pانسشكٛخ انًًزضاد0

pيعppانسذٚذpأٔكغٛذpخضٚئبدpايزضاصpعًهٛخpأpٌانسشاسٚخpانذُٚبيٛكٛخpانذساعخpأظٓشد انُبَٕ٘

pٚزطهتpٔلاpٔرهقبئpٙيٕختpانسشاسp٘انًسزpٖٕأpٌزٛثpنهسشاسحpيبصخpعًهٛخpْٙpانغٛزشًٚٛذ

pانُبpَٕ٘ثغٛبةpانسذٚذpأٔكغٛذpخضٚئبدpايزضاصpعًهٛخpخبسخpٙٔعهpٗانعكظpيpٍرنكpأpٌيصذس

ْٙpانغٛزشًٚٛذpعًهٛخpّثبعثpنهسشاسحpزٛثpٌأpٖٕانًسزp٘انسشاسpعبنتpٙرهقبئpٔغٛشp0p

p(20p)يpٍقًٛخpأكثشpانزفبعمpنٓزاpالاَثبنجpٙلأpٌانكًٛٛبئpٙنلايزضاصpانغٛزشايٛذpيعpٚخضعpانًغُزٛذ

pفٛضٚبئpٙلايزضاصpٚخضعpانغٛزشيٛذpٔخٕدpعذوpزبنخpفpFe3O4pٙفبppٌانًقبثمpفpٙيٕلp\pخٕلpكٛهٕ

0pيٕلp\pخٕلpكٛهٕp(20p)يpٍأقمpالاَثبنجpٙقًٛخpلأٌ

pا pٕخٕدثpانُبرحpانًغُزٛذpأpٌالأٚضٔثشوpًَٕرجpيعبدلادpيpٍانًأخٕرحpانجٛبَبدpدظٓشكًب

pانًزكpFe3O4pٌُٕٚطجقpلاpثًُٛبpٔرًٛكpٍٛٔفشَٕٚذنٛشpلاَدًٕٚشpيعبدلادpانpٗٚخضعpانغٛزشايٛذ

0ppعٛزشايٛذpٔخٕدpعذوpزبنخpفٙ
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 جبهعة كربلاء

 كلية العلىم

 قسن الكيويبء

 

 إزالة في واستخذاههب النبنىية الحذيذ أكسيذ جسيئبت وتىصيف تحضير

الوبئية الوحبليل هن الصفراء يىسين الا صبغة  

رسبلة هقذهة الى هجلس كلية العلىم / جبهعة كربلاء وهي جسء هن هتطلببت نيل درجة 

 الوبجستير في علىم الكيويبء

                                           

 

 هن قبل

 حسين ههبوش محمد      

 

                                             إشرافب

 

 

 

                                 

              

 
 

. د لوى هجيذ احوذأ  

 

    شيوبء ابراهين سعيذ دأ.م.

                     


