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ABSTRACT 

 
Article including, fabrication of a greatly effective catalyst consisting of ZnFG nanocomposite was studied using an in 

situ preparation method from specific weights of ZnO and iron oxide nanoparticles, as well as reduced graphene oxide. The 

effectiveness of fabricated composite as a photocatalytic surface was studied by applying it in advanced oxidation processes (AOP) 

to degrade methyl orange (MO) dye under sunlight. A high photodegradation efficiency of the dye was reached, about 85%, within 

600 minutes. Photocatalysis experiments were conducted using multiple parameters such as time and temperature. The 

improvement in high photocatalytic activity of a prepared composite can be attributed to increased visible light absorption, 

reduced the band gap, and effective charge transfer between components. It was also observed that the ZnFG composite exhabited 

more stability even after repeated photocatalytic procedures, indicating repeated synergistic effects. It is possible that this kind of 

material can be applied as an efficient and stable photocatalyst for removing pollutants of various types. 
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I. INTRODUCTION 
 

Dyes have long been used in several industries like plastics, cosmetics, textiles, dyeing, leather, papers, as well as 

food industry [1], which are caused environmental problems and clear hazards [2]. There are many classical methods of 

removing dyes such oxidation [3], adsorption [4-7], flocculation, membrane separation [8,9], coagulation [10], and 

photocatalys processes (advanced oxidation AOP ) [11]. 

Photocatalyst methods   have been widely studied for hazardous waste treatment and hydrogen production from 

water by renuble energy resources [12-16].  semiconductor materials like TiO2, MgO, ZnO, CdS, and WO3   can be utilized 

as photocatalytic agent, but some these materials are only active in the Ultra Violet area due to their big bandgap [13,17–

19]. To develope the photocatalytic effectivness in the visible area, which encompasses about 45% of solar light, many of 

research have been conducted in order to increase the excitation wavelength region by lauding with another cations or anions 

[15-19].  

Zinc oxide is one of the most promising materials for one-dimensional nanomaterial thats related to its potential 

implementations in optic, electronic, and photonic technology. This is revealed acceding to their characteristic properties 

like direct and wide band gap (about 3.36 eV) and large excitation correlation energy (about 60 meV). It crystallizes in two 

forms, hexagonal wurtzite as well as cubic zinc composite. Tetrahedral symmetry plays an essential role in the polarity of 

ZnO which arises along the hexagonal axis, it is considered the best one, that related to the high structural stability as well 
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as high photocatalytic effectiveness in removing different pollutants [17, 20]. ZnO nanostructures have many nanostructures, 

such as nanowires, nanobelts, nanosheets and nanorods, as well as hybrid composites [19-21]. Hollow spheres have gained 

great attraction due to their high photocatalytic efficiency, in addition to other advantages of this structure. Which is 

represented by the high surface area with low density in addition to the good surface permeability of these structures [20–

22]. Many studies and research have been conducted on graphene, which is an extremely strong and highly conductive single-

layer graphite sheet, for its use in multiple applications such as chemical sensors, supercapacitors, electronic and 

optoelectronic devices due to its exciting optical, electrical, thermal and mechanical properties [23-25]. Semiconducting 

inorganic nanostructures are typically hybridized onto graphene to fabricate graphene-based photocatalysts through a number 

of several approaches, most notably ex situ hybridization and in situ crystallization. 

The former approach is known as the solution mixing method and involves mixing separate precursors containning 

graphene and other nanomaterials into the hybrid. Whereas, in the latter approach, simultaneous reduction is performed using 

an appropriate reduction method [26]. Moreover, several other methods have also been applied including thermal, 

hydrothermal, microwave, and others [27]. Utilizing these methods, a wide range of graphene-based semiconductor 

photocatalysts containing different nanoparticles such as ZnO, TiO2, SnO2, Cu2O, ZnS, CdSe, Bi2WO6, and CdS have been 

prepared [28]. 

Recently, magnetic nanoparticles (F3O4 MNPs) have received great interest in many fields due to their exceptional 

properties, such as their magnetic properties, large surface size relative to their volume, as well as plain surface conditioning 

potential. The high magnetic properties of nanostructures make dealing with them by applying an external magnetic field to 

them [29]. Therefore, in current study, a ZnFG nanocomposite was fabricated, appears promising as a photocatalyst for 

purifying polluted by decomposing industrial pollutants into green components, due to its small dimensions. The three 

components of the our composite (composed of various weights of rGO, F3O4, and ZnO). nanoparticles). The small 

dimensions lead to a large surface area for capturing BO dye in water under visible light irradiation due to the narrower band 

gap. Stretching in the excitation wavelength and decreased recombination of the photogenerated electron-hole pairs was 

confirmed by ultraviolet and visible (UV–Vis) spectra. 

 

II. PRACTICAL PART 
 

a. Preparation of nanomaterials and composites 

The chemicals that were used in this work were supplied from Sigma-Aldrich Company and are of high purity. The 

Hammer method was used to prepare graphene oxide (GO) nanosheets [30] by oxidizing graphite using several oxidizing 

agents, namely concentrated H2SO4, NaNO3, and KMnO4. This is then followed by reduction of GO using hydrazine 

hydride to prepare graphene (G) nanosheets [31]. 

The green chemistry approach and the sol-gel method were used to prepare ZnONPs By adding 2000 mg of hydrated 

zinc nitrate with an amount of previously prepared plant extract, with continuous stirring, then placing it in a water bath at 

60 °C for one hour, to obtain a liquid. It has a thick consistency. It is dried at 150 degrees Celsius for 4 hours and then burned 

at 400 degrees Celsius for one hour [32] The in situ preparation method was used to prepare the binary FG nanocomposite 

By co-deposition of iron(III) and(II) ions in a molar ratio of 2 to 1, in an alkaline conditions in the presence of reduced 

graphene oxide, while ZnFG was synthesized. 

B. Photocatalytic efficiency 
Photocatalytic reactions were carried out using sunlight as a source of ultraviolet radiation. During all photooxidation 

experiments for the decomposition of MO dye, at (298 K). Six samples containing (0.05 g) of fabricated composite (ZnFG) 

were with (50 ml) of a 20ppm MO solution (0.02 g of MO in 100 ml of distilled water), and placed in a water bath equipped 

with a Telg shaker. Its speed is about 100 r/min about 50 min to reach equilibrium state for adsorption (Figure 2). 

Adsorption is the adhesion of liquid, gaseous, or solid molecules, known as adsorbents, to a solid or liquid surface, 

called an adsorbent. During this process, one or more layers of adsorbent material are created on the adsorbent surface. The 

adsorption process differs from other processes such as absorption, where the liquid is permeated or dissolved by a liquid or 

solid. If contact between the adsorbent and the adsorbent surface is maintained for a sufficient period, a balance will occur 

between the amounts of the adsorbed material on the surface and that present in the solution. In order to use the compound 

prepared in this study in the photocatalytic method, calculated time periods (50 minutes) were used to withdraw samples. And 

to isolate ZnFG molecules from MO solution by utilizing a magnetic field or a centrifuge. In order to known the amounts of 

MO dye remaining in the solution after each of sample withdrawal process, by utilizing Ultraviolet-visible spectroscopy at 

465nm. 
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Figure 1. The equilibrium time of MO dye solution 

 

III. RESULTS AND DISCUSSION 
 

3.1. Infrared spectra analysis (FTIR)  

To determine the effective functional aggregates and then characterize the materials and nanocomposites prepared 

in this study, using the Fourier-Transform Infrared Spectroscopy (FT-IR) technique. “Figure 2” gives the FTIR spectrum of 

the carbon nanomaterials prepared in this study, GO as well as G. We notice in Figure (2a), which represents the FTIR 

spectrum of graphene oxide, the broad peak at (3430 cm-1) that belongs to the stretching vibration of the hydroxyl group, 

and the two bands at (1620 cm-1 and 1722 cm-1) indicate on the stretching vibration of the (C = C) and (C = O) groups. The 

bands at (1362 cm −1 and 1226 cm −1) related to the stretching vibration of the acidic (CO) group and the alcoholic (C-OH) 

group, respectively. As for Figure (2b), which represents the FTIR spectrum of reduced graphene oxide (RGO), it shows the 

absence of the stretching vibration of the carbonyl group, and the appearance of a strong band at about 1604 cm-1, this is 

evidence of the recovery of the sp2 network and point to reducing GO [11,33]. 

Figure 3, which displays the FTIR spectrum of the plant extract OPE, notes the appearance of a broad peak attributed 

to the stretching of the O-H bond at 3286 cm. The C–H (CH2) bond stretching vibration is described by the peaks observed 

at 2921 and 2851 cm. C = Ostrich carbonyl stretching is observed at 1622 and 1645 cm. , while the C=O stretch resulting 

from carboxylic acid was found at 1417 cm −1. There is also the presence of C-O bending at 1089 cm and strong C = C 

bending vibrations[34]. The Figure (3b) of green ZnO is represents the FTIR spectrum,  of a powder sample from a citrus 

peel extract which consider the initiated of Zink Oxide nanoparticles formation. The the strong broad band at 3378 cm -1 is 

corresponds to   the hydroxyl OH group which commonly found in the most molecules linked on the surface of nanomaterials. 

The bands at 1560 cm-1, 1398 cm-1, 1040 cm-1 and 870 cm-1 are related to the following groups,  stretching bending of 

carbonyl group COH (in-plane) , carboxylic acid vibrations as well as bending frequencies for C-O and –CH from the bending 

vibration (out-plane) for trans or E-alkene, respectively. (b) display the spectrum of ZnO NPs which showed a typical Zn-O 

extension at ~553 cm-1[35,36] 

The binary and ternary in the basic medium to precipitate magnetic iron oxide particles on the surface of graphene 

oxide (GO) to obtain the binary nanocomposite (FrGO), this indicates that the deposition process has occurred successfully 

and that the particles (Fe3O4MNPs), become completely superimposed with reduced graphene oxide (rGO),  as it appeared 

in figure 4a, while figure 4b, repreasented   the spectrum of  rGO/Fe3O4/ZnO  nanocomposite,  it is clear that the C-O-C and 

C-O intensity peaks belonging to GO became weak or disappeared indicating that GO was reduced to rGO and mixing with  

Fe3O4 and ZnO to obtaind rGO/Fe3O4/ZnO nanocomposite [31]. the broad absorption at 3433 cm-1 is related to the 

stretching vibration of hydroxyl group. The absorption at 1618 cm-1 was  assigned to the stretching vibration of the –C=C- 

of rGO. The absorption band at 567 cm-1 was due to Fe–O vibration. The peak at 471 cm-1 appeared identical to a Zn-O 

bond, which indicating the presence of ZnO. Figure (5) shown FESEM analysis of ZFrGO nanocomposite. 
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a      b 

Figure 2. FT-IR spectrum of (a) GO nanosheets and (b) G nanosheets 

 

 
a      b 

Fig.  (4-5). FTIR spectra a. orange peel extract, and b. Green ZnO NPs 

 

 
 

a      b 

Fig.  (4). FTIR spectra a. FrGO and b. ZFrGO 

 

 

 
Figure (5): FESEM analysis of ZFrGO nanocomposite. 
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3.2. Efficient photodegradation 

The photocatalytic activity of ZnFG nanocomposite as a photocatalytic agent was followed by determining the 

degradation speed of methyl orange (MO) dye dissolved in water. Heterogeneous catalytic oxidation involves a number of 

steps: (a) Diffusion and distribution of contaminants from the liquid phase on the surface of the ZnFG composite. (b) 

Adsorption of pollutants (dye molecules) on the surface of the ZnFG composite. (c) Oxidation and reduction processes occur. 

(d) Adsorption of products. (e) Removal of products from the interface area. 

ZnO with a band gap of 3.2 eV has been frequently used in photocatalytic applications. The remaining amount of 

MO dye in the reaction mixture was calculated using a spectrophotometer. The photocatalytic mechanism of ZnFG 

nanocomposite in the presence of solar radiation can take the following steps: [37,38].                                                                                                                                                 

 

ZnO + hv → ZnO (e−(CB)) +  (h+(VB))    (1)   

ZnO(h+(VB))  +  H2O → ZnO + H+ + •OH   (2) 

ZnO(h+(VB)) + OH− → ZnO + •OH    (3) 

ZnO(e−(CB))  +  O2  → ZnO + O2
• −     (4)       

O2
• − +  H+  →  HO2

•     (5)                       

HO2
•  +  HO2

• →  H2O2  +  O2    (6)   

ZnO (e −(CB))  +  H2O2  → •OH  +  OH−   (7) 

H2O2  +  O2
• − → •OH +  OH− +  O2    (8) 

H2O2 +  hv  → 2•OH     (9) 
•OH + R →Intermediates → CO2  +  H2O   (10)  

 

Where VB and CB represent the valence and conduction bands, respectively, hv is the excitation energy [eg]. The 

above equations are shown in Figure 6, which represents a scheme of photodegradation of MO dye by ZnFG compound 

under sunlight illumination. The results acquired for MO dye decomposition are shown in Table 1. Ultraviolet–visible 

spectroscopy of MO dye solution at varying times, and  at main band λmax = 465 nm. 

           

 
Figure 6. Scheme of photodegradation of MO dye by ZnFG compound under sunlight illumination [38]. 

 

Photocatalytic process experiments were conducted at different photocatalytic effects such as times and 

temperatures. The absorption variation of MO solution at varying parameters in the presence of ZnFG nanocomposite was 

studied using UV-Vis spectroscopy. 

The removal efficiency (R%) of ZnFG composite was determined by utilizing equation 12[39].  

                                                                                                          

R%=
Co−Ct

Co
 100  (12) 

 

Ctand Cowere the final and initial amounts of MO solution, results Inserted in table 1.                                                                                                                                

 

Table 1: Photocatalytic results of ZnFG nanocomposite as Photocatalysis agent. 

T(309K) T(299K) T(298K) 
T(min) 

R% Ct/C0 Ct R% Ct/C0 Ct R% Ct/C0 Ct 

0 1 10.55 0 1 10.55 0 1 10.55 -50 

8.902 0.911 9.61 6.255 0.937 9.89 2.887 0.971 10.24 0 
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The photocatalytic activities of ZnFG were found by calculating the decomposition rate of methyl orange (MO) 

dissolved in water. Figure 7a, b and c show the time profiles of the dye degradation using the main absorption peak of MO 

(465 nm) under visible light irradiation at various temperatures. As shown in the figure, ZnFG sample  showed a significant 

improvement in the photocatalytic activity over time, as it is noted from the figures mentioned that the increase in MO dye 

dissolution increases significantly with time progression until it reaches about 80% at the 600th minute, as well It is noted 

that the increase in the dissolution of the dye increases with increasing temperatures, as we find that the percentage of 

dissolution of the dye per minute 600 reaches about 85% at a temperature of 309 K, while it is equal to 61% at a temperature 

of 289 K, and this is due to the increase in temperatures It leads to an increase in the kinetic energy of the molecules, which 

leads to an increase in collisions between them, and thus to an increase in the photooxidation process and the decomposition 

of the MO dye.                  

    

  
a      b 

 

 
c 

Figure 7. Photooxidation of MO dye in the presence of ZnFG  composite as a photooxidation agent at varying 

temperatures.. 

  

IV. CONCLUSION 
 

Aim of our study is to describe the ZnFG nanocomposite prepared from mixing known amounts of GO nanosheets 

and Fe3O4 and ZnO nanoparticles. The green chemistry approach and the sol-gel method were used to prepare ZnONPs. 

The effectiveness of the prepared ternary composite as an AD photocatalyst was studied in (AOP) for the decomposition of  

MO dye in its aqueous solutions under sunlight. It was found that the removal efficiency of MO dye reached 98% when 

utilizing ZnFG composite as a catalyst within 120 min. 
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