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Abstract - This project involves development and characterization of nanocomposite of functionalized graphene oxide with multi core-

shell Fe3O4-ZnO-TiO2 nanoparticles (abbreviated as G-MCSN) with enhanced multi-functional properties. The multi core-shell 

nanoparticles consist of superparamagnetic core with modified shells of photocatalytic materials. After synthesis of Fe3O4 nanoparticles 

(using co-precipitation and solvothermal processes), it was coated with multi shells of ZnO and TiO2 (via a facile sol–gel rout). 

Functionalized graphene oxide was synthesized and mixed with multi core-shell nanoparticles to prepare the nanocomposite. The phases 

and morphology of the core-shell nanoparticles and the nanocomposite were investigated by X-ray diffraction (XRD), field emission 

scanning electron microscopy (FE/SEM) and transmission electron microscopy (TEM/SAED). The magnetization hysteresis curves of 

the samples were conducted by a vibrating sample magnetometer (VSM).  

The results showed that the average size of synthesized magnetite nanoparticles were less than 20 nm. The précised control of the 

procedure resulted in the formation of core-shell structure after coating with ZnO and TiO2. The median size of core-shell nanoparticles 

was less than 50 nm. TEM studies revealed the formation of a few layers functionalized graphene oxide (FGO), as well as core-shell 

nanoparticles. Vibrating sample magnetometer measurement showed that magnetic property of the core-shell nanoparticles was lower 

than the bare Fe3O4 nanoparticles (from 40.96 emu.g-1 in bare Fe3O4 nanoparticles to 20.13 and 12.98 emu.g-1 in core-shell nanoparticles). 

But, when nanocomposite was made (FGO with core-shell nanoparticles), magnetic property was increased in comparison with the core-

shell nanoparticles from 12.98 emu.g-1 to 28.18 emu.g-1. 
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1. Introduction 
Advances in nanotechnology have improved the ability to develop and specifically tailor the microstructural features 

and properties of functional, structural and biomaterials for high tech applications [1-6]. In recent years, graphene, reduced 

graphene oxide (RGO) and functionalized graphene oxide (FGO) have been used for different applications. The studies on 

graphene-based nanocomposites have shown that combining graphene with other materials alters and improves the overall 

properties of the composite [3-7]. Graphene is known as an electrical conductive material. The interesting aspect of graphene 

is the correlation between the band structure and its layer structure [8]. The unique feature of graphene creates the ballistic 

characteristic of electrons in the system. The high speed of electron in graphene (ballistic behaviour of electrons) not only 

would be beneficial for many applications, but also has the potential to increase the photocatalytic sensitivity of the 

nanocomposites and have made it suitable materials for many applications. These exceptional electrical and physical 

properties are suitable for applications in high-speed electronics, data storage devices, flexible touch screens, supercapacitors, 
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solar cells, and electrochemical sensors [8-9]. Graphene and graphene oxide have been synthesized in various ways, such as 

mechanical exfoliation [9], chemical vapor deposition, epitaxial growth, and chemical derivation techniques [9-11].  It has 

been shown in the literature that when graphene combines with other semiconductor oxides, improve the overall behavior of 

the system [12-15]. Magnetic nanoparticles (MNPs), such as Fe3O4, have the ability to overcome numerous challenges and 

also have strong potential to develop new classes of advanced nanomaterials [16-19]. Different microstructures have been 

proposed for MNPs, however, one of the main concepts is to design a core-shell nanoparticle structure [20]. However, there 

are still a lot of unsolved issues in designing and fabricating core-shell nanoparticle structures [19-23]. Studies have shown 

that TiO2 and ZnO not only are good photocatalytic materials, but also can be coated on Fe3O4 very easily [14, 24-31]. There 

is significant literature available on graphene, Fe3O4, ZnO and TiO2, as well as the combination of graphene with 

photocatalytic semiconductor and metal oxides, such as TiO2, ZnO, SnO2, Fe2O3, MnO2 and CdS [1,4, 6-11]. Wang et al. 

synthesized a graphene-based magnetic nanocomposite via in-situ chemical deposition of Fe(II) and Fe(III) in alkaline 

solution for photocatalytic applications [6]. Singh & co-workers reported a facile soft-chemical approach for the fabrication 

of Fe3O4 embedded ZnO semiconductor nanocomposites [7]. Yusoff et al. [22], Maa et al. [36], J.Y. Park group [37], Zubir 

et al. [38]  and several studies in the field of graphene-based composites were conducted in the past decade [39-44]. Most of 

the previous researches have been focused on either graphene with one component and/or a single core of magnetic 

nanomaterials with a single shell [5-8]. Multi components nanocomposites using nanoparticles of multi core-shell structure 

have not been studied in detail. In this study, development and characterization of nanocomposite of graphene oxide with 

multi core-shell Fe3O4-ZnO-TiO2 nanoparticles with enhanced multi-functional properties is reported.  

 

2. Experimental Procedure 
This paper presents synthesis and characterization of a complex ceramic nanocomposite of graphene with multi core-

shell nanoparticles. The nanoparticles will have a core-shell structure of magnetite core with photocatalytic semiconductors 

shells. The proposed ceramic nanocomposite consists of two major elements: (i) functionalized graphene oxide and (ii) multi 

core-shell nanoparticles. A superparamagnetic Fe3O4 nanoparticles were synthesized as a core material. The core was 

subsequently coated with photocatalytic shells of ZnO and TiO2, respectively. Finally, the multi core-shell nanoparticles 

were mixed with the functionalized graphene oxide to form the nanocomposite. 

Ferric chloride hexahydrate (FeCl3.6H2O), polyvinyl-pyrrolidone (PVP, K30), urea (CO(NH2)2) and ethylene glycol 

(EG), Zinc acetate dehydrate (C4H6O4Zn.2H2O), Tetrabutyl titanate, sodium hydroxide (NaOH), ethanol (C2H6O), graphite, 

potassium permanganate (KMnO4), sulfuric acid (H2SO4), nitric acid (H2NO3), hydrogen peroxide (H2O2), sodium 

borohydride (NaBH4), and other materials were purchased from Sigma Aldrich and Fluka. All materials were of reagent 

grade and used as received without any further purification. Sequential experimental processing steps were conducted to 

prepare functionalized graphene oxide, magnetic nanoparticles, core-shell nanoparticles and nanocomposite. Graphene was 

synthesized by modified Hummer’s method using graphite. Afterwards, graphene will be functionalized. Graphene was 

characterized by FTIR, Raman, XRD (Philiphs, Cu Kα λ=1.540 Å, 40kV, 25 mA), FE/SEM and TEM/SAED. FGO was 

prepared from graphite via exfoliation technique. Figure 3a shows the schematic presentation of functionalized graphene 

oxide. Magnetic nanoparticles (MNPs) were synthesized applying co-precipitation method. The general procedure consists 

of mixing and stirring of FeCl2.4H2O+FeCl3.6H2O with other chemicals. Subsequently, it was put in autoclave. The 

nanoparticles were obtained after centrifuging and drying of the solution. After preparation of Fe3O4 nanoparticles (as a core 

materials), the ZnO coating was achieved by mixing zinc acetate dehydrate in diethylene glycol medium in the presence of 

Fe3O4 nanoparticles. Then, the coating of TiO2 was carried out by solvothermal method by using titanium tetra isopropoxide 

solution. Graphene oxide (GO) was prepared from graphite via exfoliation techniques. Finally, Fe3O4-ZnO-TiO2 multi core-

shell nanoparticles was combined and synthesized with functionalized graphene oxide. 

 

3. Results and Discussion 
3.1. Graphene Synthesis and Characterization 

Infrared (IR), X-ray diffraction (XRD) and Raman spectra of graphite, graphite oxide and graphene sheet are shown in 

figures 1a, 1b and 1c, respectively. From the XRD patterns (figure 1b), it is evident that the characteristic peak of graphite 

(2θ = 26.5°) corresponding to 002 plane, is almost diminished in graphite oxide and graphene. Instead, new peaks at 10.8° 

(graphite oxide) and 23.9° (graphene) have appeared. The new peak in graphite oxide corresponds to 001 plane and suggests 

the successful oxidation of graphite to graphene oxide. The shift in XRD peak after sonication of graphite oxide could be 

attributed to the formation of graphene sheets. The new peak at 23.9° is associated with 002 plane of sp2 carbon atoms. In 
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the Raman spectra (figure 1c), graphite exhibited a G band peak at 1579 cm-1, which could be associated with the stretching 

vibrations of sp2 bonded in-plane carbon atoms. In the case of graphite oxide and graphene sheets, the G band vibrations 

originated at relatively higher wavenumbers of 1597 cm-1 and 1601 cm-1, respectively, compared to graphite. Another band, 

known as the D band, was observed at 1359 cm-1 (graphite oxide) and 1352 cm-1 (graphene). The occurrence of D band in 

the Raman spectrum of graphite oxide spectrum also suggested the oxidation of graphite [45]. TEM studies revealed the 

formation of a few layers functionalized graphene oxide (FGO), as well as core-shell nanoparticles. TEM image spectra of 

functionalized graphene oxide is shown in figures 1d [45]. 

 

 
Fig. 1: Characterization of graphite, graphite oxide and graphene by: a) Infrared spectra, b) XRD c) Raman spectra [45] and d) 

TEM image of graphene oxide. 

 

3.2. Nanoparticles and Composite Preparation and Characterization 
FESEM/SEM and TEM images of bare MNPs, MNPs coated with ZnO are shown in figure 2. As shown in figure 2a, 

the Fe3O4 nanoparticles were clusters of fine particles clinging together and the aggregates are spherical in shape with an 

average size of 20.0 nm. The agglomerated clusters of particles are due to the magneto-static coupling between the particles. 

Microstructural studies revealed that the control of the procedure resulted in the formation of core-shell structure after coating 

with ZnO and TiO2.  The median size of Fe3O4/ZnO core-shell nanoparticles was less than 50 nm. Figure 2b, shows the 

FESEM image of MNPs coated with ZnO. It is obvious that it is impossible to show the nature of core-shell structure with 

this type of SEM. Figures 2c and 2d show the TEM image of bare MNPs and ZnO coated MNPs nanoparticles, respectively. 

This is clearly an indicative of the formation of ZnO shell on top of MNPs.  

 

 
Fig. 2: a) FESEM images of bare MNPs, b) FESEM images of ZnO coated MNPs, c)TEM image of bare MNPs and d) TEM image of 

MNPs coated with ZnO. 

 

TEM images of MNPs coated with ZnO and TiO2 are shown in figure 3. Figures 3a and 3b show the TEM images of 

MNPs/ZnO coated with TiO2 at low and high magnification, respectively. Figures 3c and 3d show the TEM image of 

MNPs/ZnO coated with TiO2 at low and high magnification. 

Figure 4 shows the XRD patterns of bare MNPs, MNPs coated with ZnO and TiO2. As shown in figure 10a, the 

diffraction peaks of bare Fe3O4 are clear at different 2θ (30.10°, 35.57°, 43.20°, 53.68°, 57.17°,62.89°, 71.3° and 74.31°), 

which correspond to miller indices of (220), (311), (400), (422), (511), (440), (020) and (533), respectively. This is in 

accordance with the Fe3O4 PDF data (JCPDS file # 19-0629) and no peak of any other phase/s was detected. The mean 

crystalline size of Fe3O4 was evaluated to be between 5-10 nm, from the line broadening of the XRD peaks, using the 

following equation Scherrer’s formula: 
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𝐿 =

𝐾 𝜆

β𝐶𝑜𝑠 𝜃
 (1) 

where: L is the mean size of the ordered (crystalline) domains, K is the shape factor typical value of about 0.9, λ is the X-

ray wavelength, β is the line broadening at half the maximum intensity (FWHM), θ is the Bragg angle (in degrees). 

 

 
Fig. 3: TEM images of MNPs/ZnO/TiO2 nanoparticles at low and high magnification. 

 

Figure 4 shows XRD patterns of the Fe3O4 nanoparticles after coating with ZnO and TiO2. In this figure, new non-magnetite 

related peaks at 31.78°, 34.43°, 36.24°, 47.52°, 56.56°, 62.86°, 66.28°, 67.90° and 68.91° were observed. The position and 

relative intensity of these new peaks match well with (100), (002), (101), (102), (110), (103), (200), (112) and (201) planes 

of the standard date for the hexagonal wurtzite structure of the bulk ZnO (JCPDS file No. 36-1451]. No peaks corresponding 

to any other phase/s are detected, indicating that there has been no reaction between Fe3O4 and ZnO during the coating of 

magnetite core process. The mean crystalline size of Fe3O4@ZnO was evaluated to be about 25 nm, from the line broadening 

of the XRD peaks, using the Scherrer’s formula. Figure 4 also shows the XRD pattern of ZnO/TiO2 coated MNPs, which 

confirms the existence of ZnO/TiO2 on the surface of the MNPs. This was clearly confimed by detecting the main peaks of 

ZnO and TiO2 along with main peaks of Fe3O4. 

 

 
Fig. 4: XRD pattern of bare MNPs, MNPs/ZnO and MNPs/ZnO/TiO2 nanoparticles. 

 

3.3. Magnetic Properties Evaluation 
The magnetic properties of the fabricated nanoaprticles as well as nanocomposites were examined at room temperature 

on a magnetometer and compared Fe3O4. The magnetic property of MNPs nanoparticles and nanocomposite were measured 

is shown in figure 5. The magnetization curves in figure 5 showed that the bare Fe3O4 nanoparticles had high magnetization 

saturation (MS) value of 40.96 emu.g-1. As it was anticipated, it is lower than its bulk value (about 90 emu.g-1). This decrease 

can be attributed to the disorder of magnetic moments of surface layer atoms in nanoparticles, as it has been mentioned in 

the literature [46-48]. The data indicated that magnetic property of the Fe3O4/ZnO core-shell nanoparticles was lower than 

the bare Fe3O4 MNPs (from 40.96 emu.g-1 in bare Fe3O4 nanoparticles down to 20.13 emu.g-1 in Fe3O4/ZnO nanoparticles). 

As it was expected in Fe3O4/ZnO-TiO2 sample, magnetic property of the nanoparticles was even lower (from 20.13 emu.g-1 

https://en.wikipedia.org/wiki/X-ray
https://en.wikipedia.org/wiki/X-ray
https://en.wikipedia.org/wiki/Wavelength
https://en.wikipedia.org/wiki/Intensity_%28physics%29
https://en.wikipedia.org/wiki/Full_width_at_half_maximum
https://en.wikipedia.org/wiki/Bragg_diffraction
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in Fe3O4/ZnO and to 12.98 emu.g-1 in Fe3O4/ZnO/TiO2). This is because ZnO and TiO2 nanoparticles does not have suitable 

magnetic property. That is why; they have diminished the magnetic property of bare Fe3O4MNPs, as well. When 

nanocomposite was made (GO with Fe3O4/ZnO/TiO2 nanoparticles), magnetic property of the nanocomposites was increased 

from 12.98 emu.g-1 to 28.18 emu.g-1. 

 

 
Fig. 5: The magnetic property of different samples. 

 

4. Conclusions 
In this paper, a nanocomposite of functionalized graphene oxide with multi core-shell Fe3O4-ZnO-TiO2 nanoparticles 

was synthesized successfully. The results showed that the average size of synthesized magnetite and core-shell nanoparticles 

were less than 20 nm, and 50 nm, respectively. TEM studies revealed the formation of a few layers functionalized graphene 

oxide (FGO), as well as core-shell nanoparticles. Vibrating sample magnetometer measurement showed that magnetic 

property of the bare Fe3O4, core-shell nanoparticles and nanocomposite were 40.96 emu.g-1, 20.13 emu.g-1, 12.98 and 28.18 
emu.g-1, respectively.  
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