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Abstract: 

        In this study, Spinel nano ferrite (MFe2O4) ferrite powders were prepared by auto-

combustion reaction. Nanoparticles have been synthesized by sol-gel method using citric acid 

as chemical catalyst while graphene Oxide prepared using Hammer technique and the starting 

raw materials as graphite powder. A straightforward procedure for creating magnetic 

nanoparticles coated with graphene oxide was disclosed (M = Zn. metal sites). Graphene oxide 

(GO) also causes the composite to have nanoparticles with a smaller dimensional size (3.61 

nm). The structural identification of the samples was carried out using X-ray Diffraction 

(XRD), were used to characterize the structure of MFe2O4; the average crystallite size ranges 

from 26.7 to 35.1 nm. Transmission electron microscope (TEM), selected area electron 

diffraction (SAED) and IR spectra, which commonly had diameters between 25 and 120 nm. 

VSM was used to measure the magnetic characteristics coercivity (Hc) and saturation 

magnetization (Ms). Our samples are soft magnetic materials, as evidenced by the low 

coercivity of the magnetization curves. ZnFe2O4 nanoparticles and ZnFe2O4/GO 50% had 

saturation magnetizations (Ms) of 2.7902 and 1.4546 emu/g, respectively. According to the 

findings, MFe2O4 has a spinel-like structure with high porosity and surface area as well as 

significant saturation magnetization, making it a promising contender for a number of 

applications. 

Keywords: Graphite, Graphene oxide, wastewater treatment, Nano ferrite, XRD, TEM, 

Magnetic nanomaterials, superparamagnetic. 
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1. Introduction 

Water is sustenance of the life cycle. It needs to be looked after and protected from any 

pollution. It is essential for the health of both the human body and other living creatures, but it 

should never be contaminated. However, a result of human activity, water sources such rivers, 

wells, streams, and seas are contaminated. The natural water system on land is being 

contaminated by pesticides, industrial waste, urban rubbish, and other contaminants. The 

introduction of pollutants into an ecosystem, whether physical systems or living things, which 

causes instability, chaos, harm, or discomfort is referred to as pollution. Pollutants can be 

chemical substances or energy forms like sound, heat, or light. Pollutants, which make up 

pollution, can be either naturally occurring or imported materials or energies. When they are 

present more than normal levels when they are naturally occurring, they are regarded as 

pollutants. 

The depletion of toxic dye wastewaters to the environment from industrial processes is 

a major environmental obstacle for water bodies. Organic dyes are one of the main groups of 

pollutants discharged into wastewater from the fabric, dyeing, and other industrial operations.  

The three groups of dyes are anionic, cationic, and non-ionic. The removal of anionic dyes, 

which are water soluble and produce exceptionally brilliant colors in water with acidic 

properties, is regarded to be the most challenging process [24]. Diverse separation techniques, 

including chemical, physical, and biological ones, are utilized to remove these wastewaters and 

a number of chemicals [25]. A promising area in the realm of water and wastewater treatment 

is the chemical pollutant removal employing magnetic nanoparticle as an adsorbent [1] ZnFe2O4 

with cubic spinel structure has been widely used. Additionally, it has other beneficial 

characteristics like low cost, low toxicity, and high chemical stability [2].  

Magnetic nano ferrites are significant Because they are used in so many different 

technological and varied domains. The magnetic nano ferrites have been used in a wide range 

of applications, such as magnetic refrigeration, magnetic storage, microwave absorbers, 

permanent magnets, magnetic ferrofluids, magnetic separation, switching, core, recording 

heads, magnetic shielding, and high frequency sensors. 

Magnetic nanoparticles and their composites with sheet materials such as graphene 

oxide (GO) have received enhancing consideration as adsorbents for removal of dye from water 

sources due to the high surface area and large adsorption capacity [5]. The high specific surface 

area of graphene oxide GO ranges from 600 to 3500 m2g
-1. The very hydrophilic functional 
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groups on GO sheets are thought to be responsible for the material's dispensability [6]. A 

carbon-based nonmaterial called graphene oxide has shown intriguing adsorptive 

characteristics [59]. For dye adsorption, GO is widely employed [41]. 

Carbon atoms are arranged in a hexagonal lattice to form the structure of graphene 

oxide, a material with a one-atom thickness and special mechanical, optical, thermal, and 

electrical properties. [9, 10] At low energy limits, graphene oxide has an energy gap of zero so 

the electrons in graphene oxide satisfy an equation similar to Dirac’s equation for particles of 

zero mass [11]. The molecular components of graphene oxide are carbon, hydrogen, and 

oxygen. Graphene is a two-dimensional, hexagonal-latticed crystal allotrope comprised 

entirely of carbon atoms. High optical transparency, excellent heat conductivity at normal 

temperature, and flexibility are only a few of its special qualities contained in a robust, 

nanoscale material. 

Composite materials are created by combining two or more constituent materials that 

have distinctly different physical or chemical properties and that, on a macroscopic scale, 

remain separate and distinct inside the final structure.  In recent years, graphene-based 

materials, such as ferrite/graphene composites, have emerged as innovative materials for 

several essential applications [25-28]. Particularly for energy storage. These composites might 

be excellent options for both battery systems and supercapacitors [14-18]. Additionally, the 

process of creating composite materials using carbon fibers, graphene, reduced graphene oxide, 

multiwall carbon nanotubes [19-21] etc. is promising for applications in electromagnetic 

shielding and wastewater treatment [12,13]and has a variety of potentials and environmentally 

acceptable uses [22-24]. 

The goal of this work is synthesis of nanocomposites from graphene oxide decorated 

with magnetic zinc ferrite nanoparticles to use in the treatment of various types of water 

pollution, such as dyes. Additionally, select the best nanocomposite that provides exceptional 

outcomes for eradicating water pollution and enhancing water efficiency. 

2. Experimental and techniques: 

2.1. Preparation of nano ferrites (ZnFe2O4) using the Sol- gel method 

Due to their ease of solubility in water, the nitrates of the constituent ferrite metal ions—

which are, the magnetic ceramics consisting of Fe3+ as the major constituent—are used as the 

reducing agent in the sol-gel method[30]of auto combustion, homogenous and highly reactive 

crystalline powders of stoichiometric amount of Metal Nitrate; MFe2O4; (M= Zn+2),can be 
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produced with reducing agent as Citric acid (CA) method (C8H12O7) as (Reducing agent) which 

using as complete the reaction and stable the reaction, where the ratio of Zn to citric acid are 

Zn: Citric Acid = 1:x, then added aqueous solution to become liquid, to fixed the  PH value up 

to 7 , put ammonia (NH4) drop by drop then measure by PH. After that, using magnetic stirring, 

Mixed solution using Magnetic stirring at 80C, which change to gel in color brownish viscous 

Gel. Finally, we obtain ferrites.                                       

2.2. Synthesis of graphene oxide (GO) 

Using the Hammerer method to prepare graphene oxide (GO) [29], through oxidation 

of graphite using sulfuric acid (H2SO4) and Graphite powders which mixing and continuous 

stirring by adding NaNO3 Solution or KMnO4 with stirring up temperature rise to 10C, then 

put the Distilled water slowly up temperature rise to 98C. Finally put H2O4 (Hydrogen 

peroxide) to form powder, by washed by HCL to remove the impurities and filters the powders 

by centrifuge to adjust PH ≤ 7. In the last dry the powder at 60C for 24 h. We get Graphene 

Oxide (GO).                                                     

2.3. Synthesis of GO/M-Fe Composites by mechanical method [34-35] 

The composite was fabricated from ferrite nanoparticles, MFe2O4 (M = Zn+2), and 

graphene oxide using a. To make 1 g of the composite, ZnFe2O4/GO, we used 0.5 g of Go and 

0.5 g of ZnFe2O4, and ball milling method we mixed them thoroughly. Next, we placed the 

composite in an ultrasonic tank for about 30 minutes to sonicate it. Finally, we used ball milling 

by adding specified quantities of solid MFGO to 200 ml of dye solutions with various 

beginning concentrations (100-12.5 mg/L), cationic dyes with varying initial concentrations 

(100-12.5 mg/L) were adsorb on the surface of magnetic nanoparticles made of MFe2O4/GO. 

After centrifuging 12.5 ml of dye solutions numerous times to remove the solid adsorbent, the 

flasks were swirled for 2.0 hours at room temperature (30°C) to identify the non-adsorbed dye 

by UV-vis spectrophotometry. 

2.4. Material characterization 

 All TEM measurements were performed using a (HRTEM) [JEM-2100, with an 

operating voltage is 200 keV and gun type is Lab6 Emitter] was used to analyze the morphology 

of the prepared samples nanocomposite as a reference (HRTEM, Tokyo, Japan). XPERT-PRO-

PANalytical -Netherland measurements the X-ray diffraction (XRD) in Nanotechnology 

Characterization center (NCC), Agriculture of Research center (ARC). CuK radiation with an 
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absorbed wavelength (0.1542nm) and current of 30 mA was used to create an XRD pattern. 

the Physical Property: Measurement methods System's vibrating sample magnetometer 

(VSM), the samples' magnetic properties were examined at room temperature using a vibrating 

sample magnetometer (VSM; LakeShore -7410-USA)). The Raman spectroscopy was carried 

out using a Three samples were measured using FT-IR (Fourier transform infrared 

spectroscopy) Bruker- Model Vertex 80v with range between 400 and 4000 cm-1 [32]. 

3. Results and discussions 

3.1. Structural analysis (XRD) of ZnFe2O4/GO nanocomposite: 

The acquired typical patterns of the ZnFe2O4/xGO composite (x=0.50%) are shown in 

Fig (1). The synthesis of monophasic spinel ZnFe2O4 NPs, which are well known for ferrites, 

was confirmed by the observed diffraction peaks, ensuring the formation of the necessary 

ferrites in a single phase without any impurity’s phases. The phases as (220), (311), (400), 

(422), (333), and (440) indicate the spinel cubic structure [31-33]. In addition, 111, 220, 311, 

222, 400, 422, 511, 440 and 533 from the cubic system of zinc ferrite [34]. 
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Fig (1): XRD patterns of the ZnFe2O4, ZnFe2O4 /GO 50% and GO 

The average crystallite sizes of ZnFe2O4 and ZnFe2O4/GO 50% are 38.5and 26.7 nm using 

the Debye- Scherrer’s formula: [35-37], are displayed in Table1 
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Table 1: XRD of ZnFe2O4 and ZnFe2O4/Go 50%, the crystallite size 

 

Dhkl = k /  cos q)

Where k is the crystalline phase factor (0.9), Dhkl is the average crystallite size (nm), 

0.15406 nm is the X-ray wavelength, FWHM is the full width at half maximum, and is the 

Bragg's direction (in radians) at which the peak [311] is observed. From the Table, the average 

crystallite sizes range from 26.7 -38.5 nm. Moreover that, the sample of zinc ferrite displays 

the greatest average crystallite size. It suggests that it might be generated by a high-temperature 

exothermic reaction during the synthesis of the ferrite because it is well known that raising 

temperature during or after preparation accelerates the growth of the crystallites [36]. To 

analyze the morphology and particle size of products, the surface morphology and particle size 

of samples were looked at using FE-TEM. Photos of GO sheets fig (4a) (A and B) and 

ZnFe2O4/GO composites with 50% weighted graphene concentrations are shown in Fig (4 b) 

(C and D). According to the TEM micrograph, the uncoated sheets with stacking GO had a 

wrinkled paper-like texture. The identity ZnFe2O4 formed from the Zn2+ and Fe3+ ions anchored 

on the GO sheets eventually grew into nanospheres with diameter range of 120 and 25 nm. 

3. 2. FTIR Study  

Fig (2) depicts Carbonyl (C = O), aromatic (C = C), carboxyl (COOH), epoxy (C-O-

C), and hydroxyl (O-H) groups are among the vibrational elements of the GO layer that form 

the FT-IR spectra of GO. The stretching vibrations of CH2 bonds are shown by absorption 

peaks at 2926 cm-1 and 2850 cm-1, respectively, whereas the carboxyl groups (O-H) produced 

by the water molecules are indicated by a prominent peak at 3200 cm-1..[38] Ketone group 

(C=O) is responsible for the peak at 1627 cm-1, while sp2 hybridization is responsible for the 

peak at 1544 cm-1's primary graphitic domain[39] (39). The C-O is visible in the band at 1457 

 

Sample  FWHM (rad) K λ(nm) D(nm) 

ZnFe2O4 

0.00330014 

 0.94 0.154 

46.02556603 

 

ZnFe2O4/Go 50% 0.00567555 0.94 0.154 26.7593868 

GO 

0.040236309 

 0.94 0.154 

3.616723041 
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cm-1, and epoxy group C-O stretching is indicated at 1243 cm-1. Information regarding the C-

O-C stretching of alkoxy groups can be found in the mode at 1020 cm-1[40-42] The aromatic 

C-H distortion is responsible for the absorption peak at 803 cm-1 [41] .C-H bending vibrations 

cause spikes at 670, 594, and 461 cm-1[42]. The FT-IR spectra of the GO-ZnFe2O4 

nanocomposite showed a distinct peak corresponding to the Zn-O bond between 540 and 550 

cm-1. Intrinsic stretching vibrations are present in the first band, which is found at 540 cm-1 and 

belongs to the metal at the tetrahedral site (M-O), whereas the lowest band, which is observed 

at 420 cm-1 and belongs to the octahedral site, lacks these vibrations (M-O) [43]. 
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Fig (2): FTIR spectrum of the GO and ZnFe2O4-GO 50% 

3. 3. Raman Spectrum 

In Fig (3) the Raman spectrum of GO layer contains bands marked as D, G and 2D 

bands. The first-order D and G peaks, which result from sp2 carbon's vibrations, were first 

observed at approximately 1346 cm-1 and 1597 cm-1, respectively. The D-band displays 

crystalline material disorders and flaws linked to vacancies and grains [44]. As the thickness 

of GO varies, it is shown that the D peak's shape and location change. The optical E2g phonons 

in the Brillouin zone center, which are caused by The G peak is associated with the bond 
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stretching of sp2 carbon pairs in both rings and chains [45]. The quantity of flaws and oxygen 

atoms on the GO surface affect band D intensity [46-47]. Fig (3) illustrates the ID/IG ratio and 

the degree of disorder in this carbon-based substance. A well-known criterion for determining 

the size of the sp2 domain in a carbon structure with sp3 and sp2 links is the IG/ID ratio. 

According to estimates, GO's intensity ratio is 0.97. The Raman spectra of the composite 

ZnFe2O4/GO (50%) material were observed, and they exhibit both GO and ZnFe2O4 

characteristics. The intensity ratio ID/IG was computed (0.98 -1.02). The ZnFe2O4 (spindle)-

GO nano hybrid's ID/IG ratio (1.02) was larger than that of other pure and decorated GO, 

however, which was caused by the existence of additional defects brought on by interactions 

between the zinc ferrite and the graphene sheets. 

0 500 1000 1500 2000 2500 3000 3500 4000

400

450

500

in
te

n
si

ty
 (

a.
u
)

Raman shift (cm-1)

 GO

 ZnFe2O4-GO 50%

 
D

G

 

Fig (3): Raman spectrum of the GO, ZnFe2O4/GO 50% 

3.4. Transmission electron microscopy (TEM) and microstructural characterization 

The morphology and form of the investigated adsorbent materials, namely GO 

nanosheets and ZnF2O4/GO nanocomposites, were investigated using TEM techniques.  Fig 

4(a,b) illustrates how transparent the GO nanosheets were. In addition, wrinkles were seen, 

indicating that the GO sheets had a paper-like structure. The stacking of the ultrathin sheets 
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with GO, It works as a nucleation site for nanostructure growth and supports the synthesis of 

Zinc ferrite by electrostatic contact. Its surfaces contain covalently linked oxygen-functional 

groups like epoxy, hydroxyl, and carboxyl groups. As the Zn2+ and Fe3+ ions anchored on the 

GO sheets self-assemble into ZnFe2O4, these nuclei expand into nanospheres with average 

diameters of 120 and 25 nm that are unmistakably conformed to Fig.4 (c,d)[47]. 

 

   

 

 

                

 

 

 

Image (A) of Graphene oxide                                   Image (B) of Go sheets 

Image (C ) of GO sheets                                   Image (D) of ZnFe2O4/GO 50% 
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Image (E) of ZnFe2O4/GO 50% 

Fig (4): TEM images of (A-C) GO sheets and ZnFe2O4/GO composites with (D and E) 

ZnFe2O4-GO 50 wt% graphene contents. 

   3. 5. Magnetic Properties      

Using (VSM), the magnetic characteristics of the produced nano ferrites and 

ferrite/graphene composites were examined. Fig. (5) displays the plotted hysteresis loops. 

While the magnetization curves of ZnFe2O4 nanoparticles and ZnFe2O4/GO50% nanoparticles 

showed low coercivity (Hc), indicating the presence of small magnetic particles with 

paramagnetic properties in our soft material.[49]. It is possible to see paramagnetic materials 

responding to an applied magnetic field without any lingering magnetism after the magnetic 

field has been removed. A crucial characteristic for magnetic targeting carriers is this behavior 

[50]. It is well known that there are differences in particle size between ferromagnetism and 

superparamagnetic [48]. 
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Table (2) The parameters of magnetization as Ms (saturation magnetization), HC (Coercivity), 

and the Retentivity (Mr/Ms) for ZnFe2O4 and ZnFe2O  / Go 50%. 

 

Sample 
Magnetization Ms 

(emu/g) 

Coercivity 

(Hc) G 

Retentivity 

(Mr) 

(emu/g) 

ZnFe2O4 2.7902 36.852 0.11712 

ZnFe2O4 / Go 50% 1.4546 195.5 
0.065631 

 

The ZnFe2O4 nanoparticles and ZnFe2O4/GO 50% had saturation magnetization values 

(Ms) of 2.7902 and 1.4546, respectively. Table 2 makes it evident that because the ZnFe2O4 

NPs were wrapped in GO sheets, the Ms value of the GO-MFO sample was lower than that of 

the bare MFO NPs, The GO-MFO sample's Ms value was less than that of the plain MFO NPs. 

These numbers are powerful enough to produce an effective magnetic separation. The main 

influencing factor is the cation distribution between the two sublattice sites A and B, even 

though the saturation magnetization Ms is actually caused by a combination of many factors 

(intrinsic and extrinsic), including chemical composition, grain size, and A-site and B-site ion 

exchange interactions. The sum of the magnetization vectors at the two sublattices, or Ms=MB-

MA, represents Ms as a vector quantity. The literature indicates that Fe3+ ions strongly prefer to 

occupy octahedral B-sites. However, Zn2+ ions can enter both A-sites and B-sites, though B-

sites have larger ratios [51]. 
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Fig (5): Magnetization curves obtained by VSM at room temperature. 

3.6. Dye Adsorption Study 

In this work as in Fig (6), which calibration curve of methyl blue (MB) a cationic dye, 

was utilized. Table 3 shows the percent absorption vs. different concentration of MB graphs 

for each dye in 200 mL of dye solutions with concentration (25mg/L). This MB has an 

exceptionally high removal rate, reaching above 95% in just 30 minutes [52]. 
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Fig. (6): calibration curve blank 

 

Table (3) The calibration curve of methyl blue (MB) a cationic dye. 

Blank 1 (12.5 mg/l) λ (672) 

Conc. Abs 

12.5 2.7 

6.25 1.47 

3.12 0.75 

1.56 0.44 

0.78 0.23 

0.39 0.137 

0.195 0.108 

0.09 0.06 
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3.6.1. Influence of adsorbent dose 

3.6.2. Influence of contact time 

From Fig (7a), Fig (7b) The adsorption capacity and dye removal efficiency of 

ZnFe2O4/Go 50% on MB solution affected by the time, In the first 10 min, the adsorption 

capacity and removal efficiency of the dye increased rapid with time then the effectiveness of 

these The ZnFe2O4/Go compound adsorption The adsorption capacity reach equilibrium 

gradually noticeably after 30 min [50, 53]. Repulsive forces develop on the adsorbent's surface 

when the number of these sites gradually diminishes as dye molecules occupy them over time 

and reach to saturation. As a result, the adsorbent does not readily stick to the material's surface. 

According to Table 4, ZnFe2O4/Go has an equilibrium adsorption capacity (qe) of 200 mg L, 

with the aid of a calibration curve, a UV-visible spectrophotometer was used to quantify the 

dyes' ultimate absorbance [54]. 

Qt=(Co-Ce) *V/W (mg/g) ........... (2) 

 

Table (4) ZnFe3O4/Go has an equilibrium adsorption capacity (qe) of 200 mg L, with the aid 

of a calibration curve, a UV-visible spectrophotometer was used to quantify the dyes' ultimate 

absorbance. 

 

Contact 

Time (min) Abs Conc. Removal % Adsorption Capacity 

10 0.055 0.495719 98.017125 49.00856242 

20 0.0472 0.425417 98.298333 49.14916629 

30 0.0461 0.415502 98.33799 49.16899504 

60 0.044 0.396575 98.4137 49.20684993 

90 0.0428 0.385759 98.456963 49.2284813 

120 0.0364 0.328076 98.687697 49.34384858 
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Fig. (7.a): Effect of the Contact time and the Removal of ZnFe2O4-GO 50%, 
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Fig. (7.b): Effect Contact time and the Adsorption Capacity of ZnFe2O4-GO 50%. 
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3.6.3. Effect of initial concentration of cationic dye 

The initial dye concentration was important since a certain mass of the adsorbent 

material can only absorb a certain amount of the cationic dye. The results demonstrated that as 

MB dye content was raised, so was the adsorption capacity. Increasing cationic dye 

concentration affected the equilibrium concentration of the cationic dye solution, increased the 

amount of dye absorbed by each unit of ZnFe/GO, and increased the acceleration from the 

concentration gradient that increased cationic dye's diffusion rate towards ZnFGO [55-56]. 

Figure 8 illustrated the rate of dye removal in percent against the adsorbate 

concentrations at certain time of (A) MB, using nanohybrids prepared with initial GO/ ZnFe2O4 

with different concentration. There is just one, and that is to quickly magnetically separate dye-

adsorbed composites from an aqueous environment. Contrarily, the ZnFe2O4 nanoparticles 

used in this study only had a physical attachment to the GO sheets and were primarily used as 

magnetic agents to quickly remove GO sheets that had been dye-adsorbed from an aqueous 

environment. The early yet efficient magnetic separation and the weak attractions between 

sulfonated GO and ZnFe2O4 nanoparticles are advantages for the hybrid materials described 

here. In experiments, the amount of dye removal rate obtained using a ZnFe2O4/Go as produced 

with various GO concentrations After 30 minutes, GO/ ZnFe2O4 50% sample was determined 

and is shown in Table (5) adsorption with continuous shaking. Utilizing various GO-ZnFe2O4 

nanocomposite doses to remove dye 200 mg/L and 200 mg/L of MB solution were added to a 

beaker with 12.5mg, 25mg, 50mg, and 100 mg of adsorbent samples. By increasing the 

adsorbent's Concentrations, the adsorption rate was noticeably increased. It took 30 minutes 

for 100 mg of adsorbent to reach equilibrium when ZnFe2O4/GO nanocomposite was present. 

After reaching equilibrium, the number of adsorbents was increased while MB removal 

gradually increased [57]. 

Typically, the microspheres removal efficiency proceeds significantly was affected by 

the surface area, and as it is a function of the mass of the sorbent, the extent of accessible 

active sites plays an important role in this context. 
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Table 5 Adsorption with continuous shaking. 
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Fig. (8) from different concentration and removal at constant time 30 min. 

3.7. Kinetics study of dye removal 

The kinetic parameters provide useful information for designing and modeling the 

adsorption processes as well as for predicting the adsorption rate. In order to explain the 

adsorption process and kinetics, pseudo-first order and pseudo-second-order models were 

employed to explore the kinetics of ZnFe2O4-GO adsorption on the generated nanoparticles. 

[56.57]. 

initial conc Abs Conc. Removal % 

100 mg  0.0461 0.4155 98.338 

50mg  0.0455 0.5666252 97.733499 

25mg  0.0633 0.7882939 96.846824 

12.5mg  0.088 1.0958904 95.616438 
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  3.7.1. Pseudo-first order model 

The linear pseudo-first order kinetic model of Lagergren is given as: 

𝐋𝐨𝐠 (𝐪𝐞 − 𝐪𝐭) = 𝐋𝐨𝐠 𝐪𝐞 −
𝐊𝟏

𝟐.𝟑𝟎𝟑
 𝐭                    ..................               (3) 

Where qe and qt are the amounts of MB cation dyes adsorbed onto solution of composite (mg/g) 

at equilibrium and at time t, respectively, and k1 is the rate constant of pseudo-first order kinetic 

model (min 1). The straight-line plots of log (qe - qt) against t were used to determine the k1 

and correlation coefficient, R2, as presented in Figs 9 and Table 6. The Pseudo-first order model 

was set on a hypothesis that the day removal rate is mainly attributed to the free active site 

number. As presented in Table 6 and fig 9, the obtained results showed that the first-order 

model can give a realistic judgment of qe for MB removal, as qe (the experimental value) is 

close to the obtained laboratory data, which indicates that the pseudo-first-order model 

corroborates conformity to this reaction. 

Table (6):  

The calculated values of K1, K2, qt (theo.), qe (experimental) and R2 (correlation factor). 

Pseudo-first-order kinetic model:  

𝐋𝐨𝐠 (𝐪𝐞 − 𝐪𝐭) = 𝐋𝐨𝐠 𝐪𝐞 −
𝐊𝟏

𝟐.𝟑𝟎𝟑
 𝐭                    ..................               (3) 

qe(mg/g) qt(mg/g) 

K1 

(g mg-1 

min -1) 

R2 

6.0575 2.001 -0.055 0.0977 

    

 



R. Atya et al.                                                                           J. Sci. Res. Sci., 2023, 40, (1): 142-167 

-160- 

 

Fig. (9):    Pseudo-first order modeling for MB removal using ZnFe2O4 / GO50% 

nanocomposite. 

 3.7.2. Pseudo-second order model 

The linear form of the pseudo-second-order equation is given by: 

𝒕

𝒒𝒕
=

𝟏

𝑲𝟐 𝒒𝒆𝟐 +
𝟏

𝒒𝒆
𝑻              ..................               (4) 

Where qe and qt are the amounts of of MB cation dyes adsorbed (mg/g) at equilibrium and at 

time t, and k. is the rate constant of pseudo-second order kinetic model (g/mg.min). The 

straight-line plots of t/qt against t were used to determine the correlation coefficient, R2. The 

pseudo-second order kinetic model was used to determine whether the rate limiting step during 

the adsorption process was chemisorption. This model was more likely to predict the behavior 

over the whole range of contact time as shown in fig10 and table 7. 

Table (7): 

From the y-intercept of the plot, k 2 can be estimated, while q e was determined from the 

slope. 

Pseudo-second-order kinetic model: t/qt = 1/K2 ·qe2 + 1/qe · T 

qe(mg/g) qt(mg/g) 

K2 

(g mg-1 

min -1) R2 

49.2 0.726 0.00032 1 
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Fig (10): Pseudo-second order modeling for MB removal using ZnFe2O4 / GO50% 

nanocomposite 

 

The related adsorption rate constants are used to determine the reliability of each model, 

as well as the experimental and calculated data in Figures (9) and (10). For MB adsorption by 

ZnFe2O4 / GO50% nanocomposite, the second-order kinetic model's correlation coefficient (R2 

=1) was greater than the first-order kinetic model's (R2 =0.977) correlation coefficient with the 

experimental and predicted results. ZnFe2O4 nanocomposite is being occurred by the 

adsorption chemistry. In The first phase occurs due to spreading of the adsorbate from the 

liquor to the adsorbent surface, indicating the faster adsorption for the GO-ZnFe2O4 

nanocomposite with the higher diffusion [58, 59]. The second phase was the adsorbate 

molecules spread through the adsorbent mi-cropores and in regions, where active sites were 

difficult to reach by the dye’s cation due to the cross-linking between the surface groups. 

4. Conclusion 

-Spinel nanoferrite (MFe2O4) nanoparticles have been synthesized by sol-gel method using 

citric acide as fulle. 

-Graphen Oxide prepared using Hammer technique and the starting raw materials as graphite 

powder.’ 

-The average crystallite sizes range from 26.7 -35.1nm. 

- FE-TEM was used to examine the interface structure and particle size of samples, which 

generally had diameters between 25 and 120 nm. 

y = 0.0203x + 0.0022
R² = 1

0

0.5

1

1.5

2

2.5

3

0 20 40 60 80 100 120 140

t/
q

t

Time (min)



R. Atya et al.                                                                           J. Sci. Res. Sci., 2023, 40, (1): 142-167 

-162- 

- The ZnFe2O4 nanoparticle and ZnFe2O4/GO nanosheet magnetization curves demonstrated 

that two samples exhibited superparamagnetic characteristics. 

- ZnFe2O4 nanoparticles and ZnFe2O4/GO 50% had saturation magnetizations (Ms) of 2.7902 

and 1.4546 emu/g, respectively. 

- All samples may be ideal for low magnetic losses application given the low coercive force 

values that allow for simple magnetization and demagnetization with small magnetic losses. 

-The examination of adsorption efficiency of the end products demonstrated that 

nanocomposite had a strong adsorption capability and both magnetic characteristics for 

recovery and proper surface area can nominate the produced nanocomposite as a great 

adsorbent for water purification. for MB adsorption from ZnFe2O4/ GO composite which the 

best composite removal is ZnFe2O4 /GO which concentration 50% is removal 98.3 % at 30 min 

and higher removal for MB is 98.68 % at 120 min.  

- The related adsorption rate constants are used to determine the reliability of each model, as 

well as the experimental and calculated data in Figures 3 and 4. For MO adsorption on ZnFe2O4 

/ GO50% nanocomposite, the second-order kinetic model's correlation coefficient (R2 =1) was 

greater than the first-order kinetic model's (R2 =0.977) correlation coefficient with the 

experimental and predicted results. 

 - The novelty of this study is accentuated from the saturation magnetization values (Ms) of 

ZnFe2O4 nanoparticles and ZnFe2O4/GO 50% had of 2.7902 and 1.4546. 
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 الملخص العربى

 ومعالجته باستخدام المركبات النانوية مع أكسيد الجرافينتلوث المياه  

%) GO 50-+2Zn(  لمختلف الأصباغ والمعادن الثقيلة باستخدام طريقهgel-sol  

  )أ(رحاب عطيه ، )أ( نجوي عكاشه  ، )ب( علي عزب ، )ج( احمد بكر 

 شمس ، القاهرة ، مصر، جامعة عين للاداب والعلوم والتربيه )أ(. قسم الفيزياء ، كلية البنات 

 .، مصر 12622شارع البحوث ، الدقي ، الجيزة  33قسم فيزياء الجوامد ، معهد بحوث الفيزياء ، المركز القومي للبحوث ،  )ب(

 .، مصر 12622شارع البحوث ، الدقي ، الجيزة  33،قسم الطيف، معهد البحوث الفيزيقية، المركز القومى للبحوث )ج(

باستخدام حامض الستريك  gel-sol( بطريقة 4O2MFe)فريتيه ض انه تم تصنيع جسيمات نانوية تناول البحث المعرو

 محفزه . كمادة

تحضير أكسيد الجرافين باستخدام تقنية المطرقة والمواد الأولية ا كمسحوق الجرافيت. علاوه علي ذلك تم اكتشاف بينما تم  

.العنصر المعدني (. بالاضافه الي ذلك  GO- 4O2MFe ))M = Znانشاء جسيمات نانومتريه  مطليه باكسيد الجرافين

كما نانومتر(.  10)>أيضًا في احتواء المركب على جسيمات نانوية ذات حجم أبعاد أصغر( GO)يتسبب أكسيد الجرافين 

( XRDبالعديد من التقنيات الفيزيائية والكيميائية، مثل حيود الأشعة السينية ) 4O2FeZnيتميز  وجد بأن المركب  ان

تم فحص التشكل السطحي وحجم الجسيمات نانومتر . وقد تم  35.1إلى  26.7أحجام البلورات من حيث يتراوح متوسط 

. وتم قياس الخواص نانومتر 120إلى  25بأقطار تتراوح في كثير من الأحيان من  FE-TEMللعينات باستخدام 

مما يشير  Hcمن انخفاض قيمه في منحنيات المغنطة    للمركب، حيث وجد Ms ,Hcالمغناطيسيه لهذا المركب كقياس 

ناعمه . كما وجد قيم مختلفه لمنطقه التشبع وذلك لتواجد مركب اكسيد الجرافين  إلى أن عيناتنا عبارة عن مادة مغناطيسية 

للعينه Ms ولكن   emu 2.79   = 4O2Ms ZnFe( ، واثبتت النتايج ذلكMsمغنطة التشبع )التي ادت الي تقليل قيمه 

%  Go 50 -4O2ZnFe 1.4546بتساوي  emu  وفي النهايه وفقا للنتايج اثبت ان المركب الذي تم تحضيره .

MFe2O4 منافسًا واعدًا لعدد من بمسامية ومساحة سطحية عالية بالإضافة إلى مغنطة تشبع كبيرة ، مما يجعله  يتميز

 التطبيقات .

 


