
Page | 5932  

 

 

Green synthesis of cerium oxide nanoparticles: characterization, parameters optimization 

and investigation of photocatalytic application 

Asma Shojaee 1 , Ali Mostafavi 1 , Tayebeh Shamspur 1 , Fariba Fathirad 2,*  
1Department of Chemistry, Faculty of Science, Shahid Bahonar University of Kerman, Iran 
2Department of Nanotechnology, Graduate University of Advanced Technology, Kerman, Iran 

*corresponding author e-mail address: f_fathirad@yahoo.com | Scopus ID 54782460500 

ABSTRACT 

In the present work, cerium oxide nanoparticles were synthesized using a very simple and green method. Egg white was used as a stabilizing 

agent in order to size and morphology control. The nanoparticles were obtained without any toxic and hazardous chemical agent at room 

temperature. The effective parameters on nanoparticles synthesis such as pH, amount of stabilizing agent and calcination temperature were 

optimized. The size and morphology of prepared nanoparticles were investigated and determined with XRD and FESEM. In optimum 

conditions, nanoparticles were synthesized with about 9 nm in size. The ability of the synthesized green oxide cerium nanoparticles was 

investigated as photocatalyst for the degradation of two dyes of malachite green and methyl orange. The experiments were carried out in 

visible light and ambient temperature and effective parameters on degradation process such as dye solution, pH, photocatalyst amount and 

process time were optimized. The obtained results show that the dye degradation happens as well in short time. 
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1. INTRODUCTION 

 Cerium oxide, also known as ceric dioxide or ceria, is an 

oxide from the rare-earth metal of cerium. It is an important 

commercial product and an intermediate compound for the 

purification of the elements from the ores. Cerium oxide is a 

semiconductor material that has a large band gap (range of 3.0 and 

3.2 eV) and a wavelength in UV area at around 370 nm [1-4]. The 

specific property of this compound is its reversible conversion to a 

non-stoichiometric oxide. This oxide has many applications in 

different fields of sciences due to unique properties. The main 

application of ceria is for polishing, especially chemical-

mechanical planarization. It is used to decolorize glass by 

converting green-tinted ferrous impurities to colorless ferric oxides. 

In addition, CeO2 has a range of other applications including sensor, 

O2 storage, fuel cells, and cosmetics preparation. Along with all of 

these applications, cerium oxide and its nanostructured form are 

known materials as catalysts and photocatalyst in chemical 

processes [5-8]. Because of the great importance of nano-sized form 

of this oxide, several physical and chemical method were proposed 

for CeO2 NPs synthesis with special shape and size. However, most 

of these used methods are time consumption and require complex 

conditions or create harmful and hazardous by-products [7-10]. In 

response to concerns about the potential risks associated with the 

use of hazardous materials in the synthesis of nanoparticles, green 

methods have been highly considered by applying a wide range of 

environment friendly and non-toxic solvents and precursors to the 

synthesis of various nanostructures. [11-17]. In this research, we 

have tried to use the principles of green chemistry to synthesize and 

optimize the cerium oxide nanoparticles. Recently, one of the 

natural materials used to synthesize nanoparticles is chicken egg 

white (CEW). Egg white is a natural and biological fluid that 

contains high levels of amino acids and proteins such as albumin 

and lysozyme. These amino acids structurally can play a stabilizing 

and controlling role in the synthesis of nanoparticles [18-20]. In 

similar studies, it is attempted to use commercially pure amino acids 

with high prices. But in this research has tried to use it directly from 

egg whites, which is affordable and inexpensive. We separated the 

protein from CEW using a commonly used freeze-drying method 

and investigated and optimized the effect of different parameters 

such as pH, amount of stabilizing agent and calcination 

temperature. Afterward, the nanoparticles were characterized by 

XRD and FESEM to obtain information about the effect of different 

parameters on mean crystallite size and morphology. Finally, the 

application of the best prepared CeO2 NPs as photocatalyst for the 

elimination of two dyes of malachite green (MG) and methyl orange 

(MO) was studied. 

 

2. MATERIALS AND METHODS 

2.1. Materials and apparatus. 

 Ce2(SO4)4.4H2O and NaOH were purchased from Merck. 

The crystallographic results and morphology were obtained using 

X-ray diffractometer (Rigaku D-max C III) and field emission- 

scanning electron microscope (CARL ZEISS-AURIGA, Germany). 

For recording the UV-Vis spectra a PerkinElmer UV-Vis 

spectrophotometer was used. 

 

2.2. Synthesis of cerium oxide nanoparticles. 

 In order to prepare chicken egg withe (CEW) as a stabilizer 

for synthesizing CeO2 nanoparticles, freeze-drying method was 

carried and the obtained powder was used without any purification. 

0.5 mL of 0.1 M Ce2(SO4)4.4H2O was added to a 10 mL aqueous 

solution containing 25 mg mL-1 CEW and solution was stirred 

vigorously. Then the pH was adjusted to 10 with NaOH solution (1 

M). The solution was placed in oven at 37°C for 6 h. The obtained 
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sediment was separated with centrifugation at 4000 rpm, washed 

several time and dried in the oven at 60 °C. The nanoparticles were 

then calcined at 500 °C for 2 h and characterized using XRD and 

FESEM. 

2.3. Photocatalytic activity of CeO2 

 In order to investigate of photocatalytic activity of CeO2 

nanoparticles for MG and MO removal, 100 mL solution containing 

50 ppm from each dye, separately was made using deionized water. 

0.02 g and 0.005 g cerium oxide nanoparticles as photocatalyst were 

dispersed in MG and MO dye solutions, respectively by sonication 

and was placed under visible light for a specified time . The dye 

concentration was calculated by absorbance value measurement 

with a UV-Vis spectrophotometer. 

3. RESULTS  

3.1. Characterization of nanoparticles. 

 Several experiments were carried out to optimize the 

synthesis of CeO2 NPs with the best size, morphology and 

subsequently photocatalytic performance. According to Table 1, 

different parameters such as the amount of Ce(SO4)2 (g) (A), egg 

white amount (B), calcination temperature (C) and pH (D) was 

investigated and optimized. 

3.1.1. X-ray Powder Diffraction (XRD). 

 In order to investigate the calcination temperature effect on 

the green synthesis of nanoparticles, four samples were prepared 

according to the method described in section 2.2 at four calcination 

temperature: ambient temperature and in the furnace at 

temperatures of 100, 300 and 500°C. The obtained nanoparticles 

were called S1, S2, S3 and S4, respectively (Table 1). XRD patterns 

of synthesized CeO2 nanoparticles are shown in Fig. 1. As shown, 

at calcination temperatures of 0 to 400 ° C, the temperature was not 

sufficient for the crystalline phase and pure oxide synthesis. With 

increasing calcination temperature up to 500 °C (Fig. 1S4), 

characteristic peaks related to the ceramic oxide crystalline phase 

appeared at 2θ of 10 to 80 degrees. The whole Bragg peaks are 

related to the face centered cubic (FCC) phase of cerium oxide 

(JCPDS No. 34-0394).  

  

Table 1. Different conditions for CeO2 NPs synthesis. 

Sample A (g) B (g) C ( ͦC) D 

S1 0.02 2.5 25 6.0 

S2 0.02 2.5 100 6.0 

S3 0.02 2.5 300 6.0 

S4 0.02 2.5 500 6.0 

S5 0.02 0 500 2.0 

S6 0.02 5.0 500 7.5 

S7 0.02 2.5 500 3.0 

S8 0.02 2.5 500 7.0 

S9 0.02 2.5 500 10.0 

 

 To evaluate the effect of egg white amount as a stabilizing 

agent on the morphology and size of cerium oxide nanoparticles, 0, 

2.5 and 0.5 g egg white were added to 100 mL distilled water and 

CEW solutions were prepared. Then, all steps were performed in 

accordance with section 2.2. The resulting samples called S5, S4 

and S6, respectively. As shown in Fig. 1 (S5), there is a lot of 

impurities and noise in this pattern; nevertheless, oxide 

nanoparticles are synthesized. In Fig. 1(S6), noise is less than Fig. 

1(S5), but the number of additional peaks and impurities has 

increased. The highest purity the smallest crystalline size, resulting 

in 2.5 g of egg white (Fig. 1 S4). Therefore, this amount was 

selected as optimum for the nanoparticles synthesis.  

 In order to investigate the effect of pH, three solutions with 

pH 3, 7 and 10 were prepared and then, according to section 2.2 

cerium oxide nanoparticles were synthesized. The obtained samples 

called S7, S8 and S9. Because the alkaline medium is necessary to 

synthesize cerium oxide, no sediment was formed at pH= 3. At 

neutral pH, the amount of sediment yield was insignificant. 

According to table. 1, the best pH for NPs synthesis was selected 

10. 

 Also, the average crystallite sizes for all samples were 

calculated using Scherrer's formula and shown in Table 2. 

 
Figure 1. XRD patterns of as synthesized CeO2 NPs. 

Table 2. Average crystallite size of synthesized CeO2 NPs 
Sample Average crystallite sizes (nm) 

S1 - 

S2 - 

S3 - 

S4 11.7 

S5 53 

S6 14.25 

S7 - 

S8 10.78 

S9 8.91 

 

3.1.2. Field emission scanning electron microscopy (FESEM). 

 Due to the main goal of this work is the green synthesis of 

cerium oxide nanopowders using egg white, the effect of egg white 

content on the synthesis process was investigated with FESEM 

images. As shown in Fig. 2, when the nanoparticles were 

synthesized in absent of egg whites (S5), the nanoparticles have 

been shaped like large agglomerates; their sizes have increased and, 

as a result, have not uniform morphology and the nanoparticle size 

is more than 100 nm. Figure 2(S9) shows FESEM images of 

synthesized nanoparticles in the presence of 2.5 g egg white. In this 
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image, the effect of egg white is well established, and all of them 

have uniform morphology and spherical shape. The average particle 

size is 23 nm. In Figure 2(S6), when the amount of egg white was 

0.5 g, the nanoparticles size was thickened and non-uniform 

morphology was observed. 

 
Figure 2. FESEM images of as synthesized CeO2 NPs. 

 According to the results, the optimal condition for the green 

synthesis of cerium oxide nanoparticles was selected as sample S9. 

In the following, the ability of these nanoparticles as semiconductor 

photocatalyst for the degradation of two pollutant dyes was 

investigated. 

3.2. Investigation of photocatalytic activity of CeO2 

nanoparticles for degradation of MG and MO.  

 The photocatalytic activity of prepared semiconductor 

nanoparticles as photocatalyst was investigated for two dyes of MG 

and MO. Fig. 3. shows UV-Vis spectra of photocatalyst for removal 

of MG (A) and MO (B) under visible light. The spectrum (a) shows 

a blank solution without photocatalyst and the spectrum (b) shows 

the photocatalytic performance of CeO2 NPs in the presence of 

dyes.  

 
Fig. 3 Photocatalytic activity of CeO2 nanoparticles in the removal of (A) 

MG and (B) MO dyes  

 

3.2.1. Effect of pH 

The influence of pH on the photocatalytic activity of CeO2 was 

studied. As shown in Fig. 4(A), with changing pH from 6 to 9, the 

speed of MG dye removal was increased from 18% to 95% and after 

pH=9, the MG structure destroyed. Therefore, pH=9 was selected 

for the next experiments. As shown in Fig. 4(B), the MO removals 

increase in pH range of 3.0 to 4.0 and then decreases at higher 

values. Therefore, pH=4 was selected for the next experiments. 

 

Figure 4. Effect of pH on photocatalytic activity and removal efficiency 

of: (A) MG and (B) MO dyes. 

 

3.2.2. Effect of Photocatalyst Amount 

 For the investigation of photocatalyst amount effect on 

removal efficiency, the photocatalyst amount was varied from 

0.005 to 0.04 g for MG and 0.003 to 0.04 g for MO and experiments 

were followed. As shown in Fig. 5, the increasing amounts would 

make the reaction faster due to the increase in the active sites 

number. Further increase in photocatalyst amount above 0.02 g for 

MG and 0.005 g for MO reduced the removal efficiency, which 

could be due to the hindrance to the pathway of light to reach the 

dye molecules. Therefore, 0.02 and 0.005 g were selected as 

optimum amounts. 

 
Figure 5. Effect of photocatalyst amount on removal efficiency of (A) MG 

and (B) MO dyes. 

3.2.3. Effect of reaction time. 

 To evaluate the effect of the irradiation time on the removal 

efficiency of MG and MO, the solutions were exposed to visible 

light at 5 to 55 min. In the beginning, due to the presence of high 

amounts of dyes in the solution, the rate is high and removal 

efficiency is increased but is fixed after 45 minutes (Fig. 6). 

Therefore, the reaction time of 45 min was selected. 
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Figure 6. Effect of radiation time on removal efficiency of (A) MG and 

(B) MO dyes. 

3.2.4.  Effect of initial solution concentration. 

 The effect of initial dye concentration on the removal 

efficiency was investigated between 5 to 30 ppm for MG and 5 to 

25 ppm for MO. According to Fig. 7, the photocatalytic process is 

more effective at a concentration of 20 ppm for MG and 15 ppm for 

MO.  

 
Figure 7. Effect of solution concentration on removal efficiency of (A) 

MG and (B) MO dyes. 

3.2.5. Stability and reuse investigation. 

 Stability and reuse of photocatalyst in MG and MO 

degradation were investigated under optimum conditions. As seen 

in Fig. 8, the photocatalytic activity of CeO2 nanoparticles remained 

without changes after four times recycle.  

 
Figure 8. Investigation of photocatalyst reusability in the (A) MG and (B) 

MO removal. 

3.2.6. Investigation of photocatalytic degradation kinetics.  

 Equation (1) is first-pseudo kinetic model equation in which 

qe is the amount of removed dye in balancing (mg g-1), qt is the 

deleted dye amount at t time (mg g-1) and K1 is the first -pseudo 

order speed constant (min-1). 

 Equation (1) ∶    log(𝑞𝑒 − 𝑞𝑡) = log 𝑞𝑒 − 
𝐾1 𝑡

2.303 
 

Equation (2) is second -pseudo kinetic model equation in which k2 

is the second-pseudo order speed constant (min-1). 

Equation (2): 
1

qe
2K2 

+
t

qe
= 

t

qt
 

According to Fig. 9 the parameters of first-pseudo and second -

pseudo kinetic was calculated (Table 3,4). As shown, the 

degradation of MG and MO in the presence of proposed 

photocatalyst is based on First -pseudo-model. 

Table 3. Parameters for the removal of MG. 

Second pseudo-model First pseudo-model qe(exp) 

R2 qe2 

( mg.g-1) 

K2 

(min-

1)  

R2 qe1 

(mg.g-1) 

K1 

(min-1)  

2.002 

0.7187 0.4352 1.4359 0.9924 1.91 0.3194 

 

Table 4. Parameters for the removal of MO. 

Second pseudo-model First pseudo-model qe(exp) 

R2 qe2  

( mg.g-1) 

K2 

(min-1)  

R2 qe1 

(mg.g-1) 

K1 

(min-1)  

1.8736 

0.9095 0.4072 1.6129 0.9953 1.780 0.2726 

  

 
Figure 9. Kinetic model of First-pseudo and Second -pseudo for (A) MG 

and (B) MO removal. 

3.2.7. Comparison of proposed photocatalyst with other 

photocatalysts. 

 In Table (5,6), the proposed photocatalyst was compared 

with other photocatalysts published in papers to remove MG and 

MO. CeO2 nanostructure can remove more MG and MO with less 

photocatalyst consumption in shorter time under visible light in 

comparison with other photocatalysts. 

 

Table 5. Comparison with other photocatalysts for the MG removal. 

Ref Time 

(min) 

Photocatalys

t Amount (g) 

Concentratio

n (ppm) 

Photocatalyst 

[21] 160 0.05 20 N-ZnO/C-dots 

nanocomposite 

[22] 40 0.25 50 Platinum/zinc 

oxide 

nanoparticles 

[21] 160 0.05 20 PC 50 

[23] 60 0.25 10 Cadmium sulfide 

nanoparticles 

Present 

work 

45 0.02 20 Cerium oxide 

nanoparticles 

 

Table 6. Comparison with other photocatalysts for the MO removal. 

Ref Time 

(min) 

Photocatalys

t Amount (g) 

Concentratio

n (ppm) 

Photocatalyst 

[24] 120 0.03 50  2CeO

nanoparticles 

[25] 300 0.1 10 Carbon foam-

loaded nano-

2iOT 

[26] 180 0.25 30 Nitrogen-doped 

2TiO 

[27] 150 1.0 10 ZnO:Eu 

nanoparticles 

Present 

work 
45 0.005 15 Cerium oxide 

nanoparticles 

 

4. CONCLUSIONS 

 In this work, for the first time, cerium (IV) oxide 

nanopowders were synthesized in the presence of chicken egg white 

as stabilizer agent. We developed a simple and green method for 

preparation of nanoparticles at ambient temperature (25◦C) using 

CEW. The size of the nanopowders are <9 nm. The FESEM and 

XRD results show the particles were poly dispersed and spherical 

in shape. The prepared photocatalyst in this research work has an 

appropriate option for removing pollutants in the environment and 
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destroying organic materials in water due to its high photocatalytic 

properties, chemical stability, non-toxicity and high activity under 

visible light radiation. Also, effective parameters on degradation 

process such as dye solution, pH, photocatalyst amount and process 

time were optimized. The CeO2 photocatalyst can be recycled 

easily. 
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