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Abstract  
In this study, the hydrothermal method was used to synthesize the Fe3O4 particles and the Fe3O4@CuO composite 
photocatalyst. The XRD, SEM-EDS, UV-Vis, and VSM analyzes were used for the characterization of the 
synthesized particles and composites. The photocatalysts were determined to show typical Fe3O4 and CuO 
properties by XRD analysis which were used to determine the crystal structure of photocatalyst. The SEM 
analysis was used to investigate the surface morphology of photocatalysts and it was determined that the 
photocatalysts completed their spherical formation and showed a homogeneous distribution. In addition, the 
presences of Fe, Cu, and O elements were determined by EDS analysis. The band gap energies of Fe3O4 and 
Fe3O4@CuO with UV-Vis measurements were found to be 1.3 and 1.6 eV, respectively. The results of VSM analysis 
revealed that the Fe3O4 and Fe3O4@CuO photocatalysts showed approximately the superparamagnetic properties. 
The degradation of Rhodamine B dye on the photocatalysts was investigated in determining the photocatalytic 
activities of photocatalysts. The Fe3O4@CuO composite photocatalyst showed 76% of dye decomposition. 
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1. Introduction 

Rapidly growing world population and technologies, such as 
cosmetics, paper, plastic, and textile, cause environmental pollution 
and especially pollute the water resources rapidly [1]. While the need 
for water resources has increased due to the increasing world 
population, the increase in environmental pollution has attracted the 
attention of the scientific world on water treatment processes [2]. 
Although physical, chemical, and biological processes are frequently 
used in water treatment, the search for a new type of decomposition 
method continues due to the high costs, secondary pollution, and low 
activities of these processes [3]. Many studies have reported that an 
alternative method to these traditional methods is heterogeneous 
photocatalytic processes [4,5]. 

The developing material technology has been an attractive field of 
study because of the size and shape-controlled synthesis of metal and 
metal oxide nanoparticles, which demonstrate different physical and 
chemical properties [6]. Core-shell structures, which is one of the sizes 
and shape-controlled synthesis, consist of an inner material (core) and 
an outer layer material [7]. Core-shell structures have many 
applications in various technology fields such as photocatalytic 
degradation of chemical pigments [8], medical imaging [9], biosensors 
[10], cell labeling [11], solar cells [12], smart drug delivery [13]. The type 
of material used as core and shell varies depending on the type of 
application to be used. Therefore, it is possible to intentionally select 
these materials to obtain the desired performance from the core-shell 
structures. 

Although there are many metal and metal oxide nanoparticles to use 
the material technology, Copper Oxide (CuO) is often used for various 

applications such as photocatalyst due to its narrow band gap energy, 
non-toxic and cheap [14]. CuO is generally synthesis with different 
methods such as hydrothermal method, microemulsion, and solid 
vapor phase growth [15]. 

The biggest disadvantage of using metal and metal oxide particles as 
photocatalysts is that they are very difficult to recover from the 
solution medium and cause increased energy losses such as using 
centrifuged [16]. Failure to recover the entire amount of photocatalyst 
causes loss of active substance and as a result, greatly increases 
activity losses. 

In recent years, iron (II, III) oxide (Fe3O4) has attracted the attention of 
many researchers as it can be used frequently in many areas because 
of superior optical, electrical, mechanical, and magnetic properties 
[17]. Fe3O4 is a very important material for the core-shell structure 
because it is provided to the separation of the composites from the 
solution medium [18].  

In this study, Fe3O4@CuO composites were synthesized by the 
hydrothermal method. The prepared composites were characterized 
by XRD, SEM-EDS, UV-Vis, and VSM. The photocatalytic properties of 
the Fe3O4@CuO composites were investigated on the Rhodamine B dye 
solution.  

2. Experimental 

2.1. Materials 

The chemicals for used production of Fe3O4 particles were FeCI3.6H2O 
(iron (III) chloride hexahydrate, Sigma Aldrich, 98%), C2H6O2 (ethylene 
glycol, Sigma Aldrich, 98%), C2H3NaO2 (sodium acetate, Sigma Aldrich, 
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99%), C2nH4n+2On+1 (polyethylene glycol, Sigma Aldrich, Mr 7000-
9000), and distilled water. 

The chemicals for used production of Fe3O4@CuO composites were 
CuSO4.5H2O (Copper (II) sulfate pentahydrate, Sigma Aldrich, 98%), 
C2H5OH (Ethanol, Sigma Aldrich, 99.8%), NaOH (Sodium hydroxide, 
Sigma Aldrich, 98%), and distilled water. 

2.2. Synthesis of Fe3O4 particles 

The hydrothermal method was used for Fe3O4 synthesis [19]. 5.6 g iron 
(III) chloride hexahydrate in 80 ml ethylene glycol (EG) were 
ultrasonically dissolved and 14.4 g sodium acetate and 4 g 
polyethylene glycol (PEG) were added to the solution. The stirring was 
continued ultrasonically until a homogeneous solution was obtained, 
and the solution was transferred to the Teflon autoclave reactor and 
kept in the oven for 12 hours at 200°C. At the end of the treatment, 
the prepared Fe3O4 particles were separated from the solution in the 
Teflon reactor cooled to room temperature by an external magnet. The 
obtained particles were washed three times with distilled water and 
ethanol and dried in an oven at 60°C for 3 hours.  

2.3. Synthesis of Fe3O4@CuO composites 

The hydrothermal method was used for Fe3O4@CuO synthesis [20]. 2 g 
of Fe3O4 particles was ultrasonically dissolved in a solution containing 
20 ml of water and 100 ml of ethanol. Then, 8.9 g of CuSO4. 5H2O and 
3.5 g of NaOH were added to the solution medium, and the stirring 
continued until a homogeneous solution was obtained. Then, the 
solution was transferred to the Teflon autoclave reactor and kept in 
the oven for 12 hours at 200°C. At the end of the heat treatment, the 
prepared Fe3O4@CuO composites were separated from the solution in 
the Teflon reactor cooled to room temperature by an external magnet. 
The obtained composites were washed three times with distilled water 
and ethanol and dried in an oven at 60°C for 3 hours. 

2.4. Characterization  

Scanning Electron Microscope (SEM, Zeiss -Sigma 300), Energy 
Dispersive X-ray Spectroscopy (EDS), X-ray diffraction (XRD, 
PANalytical-Empyrean), UV-Visible Spectrophotometer (UV, 
Shimadzu-UV3600 Plus), and Vibrating Sample Magnetometer (VSM, 
Lake Shore, 7407) analyzes were used for the characterization of the 
produced Fe3O4 particles and Fe3O4@CuO composites. 

2.5. Photocatalytic performance 

The photocatalytic activity experiments of the produced composite 
photocatalysts were carried out in a light-insulated batch reactor. The 
saturated O2 concentration of the solution medium was provided by 
an air pump. A water circulator was used to keep the reaction medium 
temperature constant at 25°C. The UV lamp (257 nm, 44 W/m2) was 
used as a light source. In all experiments, 100 mg of photocatalyst and 
20 ppm and 400 ml of Rhodamine B dye solution were used. Before 
the photocatalytic experiment, the photocatalyst was added to the dye 
solution and kept in the dark environment for 30 minutes to ensure 
the adsorption-desorption equilibrium. The solution concentration at 
the determined different times was determined using the UV 
spectrophotometer (Optizenα spectrophotometer) during the 
experiment. 

3. Result and Discussion 

The XRD patterns of the synthesized Fe3O4 particles and Fe3O4@CuO 
composites were shown in Figure 1.  

 

Figure 1. XRD results of (a) Fe3O4 particles and (b) Fe3O4@CuO 
composites 

The XRD pattern of Fe3O4 was shown in Figure 1a. The diffraction peak 
at 2θ = 18.50, 30.38, 35.70, 43.36, 53.84, 57.36, 63.00, and 74,48° were 
about Fe3O4 sample are related to (111), (220), (311), (400), (422), (511), 
(440), and (533) planes, which are about the cubic spinel-structured 
magnetite (JCPDS:19-0629) [21]. When Figure 1b shows the XRD result 
of the Fe3O4@CuO composites was examined, besides Fe3O4 peaks, 
the new diffraction peaks at 2θ = 31.8, 39.3, 51.5, and 68.2°, which were 
indexed with the monoclinic phase of CuO, are associated to (110), 
(111), (020), and (311) planes [22]. The calculated average particle size 
of the Fe3O4 particles and Fe3O4@CuO composites by using the formula 
of Debye-Scherrer [23] was 207 and 309 nm, respectively.   

The SEM and EDS results of the synthesized Fe3O4 particles and 
Fe3O4@CuO composites were shown in Figure 2.  

 

Figure 2. SEM results of (a) Fe3O4 particles and (b) Fe3O4@CuO 
composites 

The results of the SEM analysis of Fe3O4 particles were shown in 
Figure 2a. When the results of the SEM analysis of Fe3O4 particles were 
examined in Figure 2a, Fe3O4 particles have completed their spherical 
formation and show a homogeneous distribution. The average 
diameter of the Fe3O4 particles is 210 nm and the diameter 



Kiziltas and Tekin Brilliant Engineering 4 (2020) 26-29 
 

   

 28 

 
 

distributions are in the range of 150 to 250 nm. It proved the presence 
of Fe and O in the sample of Fe3O4 with the EDS analysis. As shown in 
Figure 2b, the Fe3O4@CuO composites have completed their formation, 
but they do not show uniform structure since the agglomeration 
occurs. The average diameter of the Fe3O4@CuO composites is 260 nm 
and the diameter distributions are in the range of 160 to 320 nm. It 
proved the presence of Fe, O, and Cu in the sample of Fe3O4@CuO with 
the EDS analysis. 

The vibrating sample magnetometry measurements were used to 
determine the magnetic properties of Fe3O4 particles and Fe3O4@CuO 
composites and the results were shown in Figure 3. 

 

Figure 3. VSM analyze results of (a) Fe3O4 particles and (b) Fe3O4@CuO 
composites 

The saturation values of magnetization (M) of the Fe3O4 particles and 
Fe3O4@CuO core-shell composites were measured to be 81 and 62 
emu.g−1, respectively, and exhibited nearly the properties of 
superparamagnetic [24]. The coating of CuO caused a decrease in the 
magnetization value of Fe3O4, this decrease in magnetization value of 
Fe3O4 can be shown as evidence that CuO was coated on the surface of 
Fe3O4. 

The absorbance measurements of Fe3O4 particles and Fe3O4@CuO 
composite were determined by the UV spectrophotometer and the 
band gap energies were calculated by using the Tauc method [25], as 
shown in Figure 4. 

 

Figure 4. (a) The spectrum of UV–Vis absorption of the Fe3O4 and 
Fe3O4@CuO, the results of Tauc plot of (b) Fe3O4 (c) Fe3O4@CuO 

Figure 4a shows the UV-Vis absorption spectrum for the Fe3O4 and 
Fe3O4@CuO. The band gap energies of Fe3O4 particles and Fe3O4@CuO 
composite were determined with the intercept of the tangents to the 
plots of (hυ α) 0.5 vs (hυ), as shown in Figure 4a -b. The estimated band 
gap energies (Eg) of Fe3O4 particles and Fe3O4@CuO composite is 1.3 and 
1.81 eV.  

The photocatalytic activity experiments of Fe3O4 particles and 
Fe3O4@CuO composites were investigated on the degradation of 
Rhodamine B dye and shown in Figure 5. 

 

Figure 5. The results of photocatalytic activity experiments 

After the dye solution and photocatalysts were added to the reaction 
medium, the solution was kept in the dark environment for the first 
30 minutes to establish an adsorption equilibrium. The solution 
concentration did not change significantly in dark environment 
experiments. In experiments carried out under UV light, the Fe3O4 
particles were able to decompose 13% of Rhodamine B, while the dye 
decomposition of the Fe3O4@CuO composite was about 76%. 

 

4. Conclusion 

The Fe3O4 particles and the Fe3O4@CuO composite photocatalyst were 
synthesized by using the hydrothermal method. The characterization 
of the synthesized particles and composites was carried out by using 
XRD, SEM-EDS, UV-Vis, and VSM analyzes. The crystal structure of 
produced photocatalysts were determined by XRD analysis, the 
samples were showed the typical Fe3O4 and CuO properties. It was 
determined by SEM analysis that photocatalysts completed their 
global formation and demonstrated homogeneous distribution, and 
the average particle sizes were 207 and 309 nm for Fe3O4 and 
Fe3O4@CuO, respectively. Besides, the EDS analysis was proven the 
presences of Fe, Cu, and O elements. The optic band gap energies of 
Fe3O4 and Fe3O4@CuO with UV-Vis measurements were found to be 1.3 
and 1.6 eV, respectively. The results of VSM analysis revealed that the 
Fe3O4 and Fe3O4@CuO photocatalysts showed approximately the 
superparamagnetic properties. The degradation of Rhodamine B dye 
on the photocatalysts was investigated in determining the 
photocatalytic activities of photocatalysts. The Fe3O4@CuO composite 
photocatalyst showed 76% of dye decomposition. 
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