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Abstract: TiO2 nanoparticle layed  sol–gel method that was  coated with CeO2 by means of 

chemical precipitation technique. X-ray diffraction (XRD), infrared (IR) spectra, scanning 

electron microscopy (SEM) of X-ray (EDAX), and transmission electron microscopy (TEM) 

were used to characterize the CeO2-coated TiO2 particles. XRD patterns showed that the core 

area of the core shell particles was amorphous SiO2, and the shell area was fluorite-structured 

CeO2. IR results indicated that the coating of the TiO2 nanoparticle with CeO2 evidently 

induced the presence of new bands at 1711, 1620, 1554, 1192 ve 1040 cm
-1

,  belonging to Ce–

O–Ti bands. SEM and TEM analysis showed that CeO2-coated TiO2 microparticles showed a 

spherical morphology with the diameter about 0,5-1 µm and a uniform particle size. 

Photoactivity of TiO2 and TiO2/CeO2 core shell particles degradation for Methylene Blue 

(MB) and Methylene Orange (MO) was found that %41 and %34 respectively for TiO2/CeO2 

core shell particles. The  photoactivity of TiO2 was decreased after coated with CeO2 with in 

90 min 

 

1. Introduction  

In these days, there has been a great interest in the preparation of core–shell structured 

materials such as sol–gel [1,2], microemulsion [3–4], thermal reduction [5], and hot injection 

method [6].Although  the microemulsion method has the advantage of the precise control of 

particle size and morphology at mild temperatures and pressures [7], sol gel method has  a 

wide of applications. Ceria (CeO2) is a cubic fluorite-type structured ceramic material that 

does not show any known crystallographic change from room temperature up to its melting 

point (2700°C) [8-9]. Cerium oxide (CeO2) is a versatile rare-earth oxide material that has 

frequently been used as an industrial catalyst in processes such as catalytic cracking, methanol 

dissociation, water–gas shift reaction and automotive emission control, due to its 

characteristic oxygen storage/release property [10]. As well as it uses in many applications, 

such as UV absorbents and filters [11-12], electrolytes in the fuel cell technology [13-14], 
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water-gas shift catalysts [15-16], polishers for chemical mechanical planarization (CMP) [17-

18], etc. Most of the applications require the use of non-agglomerated nanoparticles, as 

aggregated nanoparticles lead to inhomogeneous mixing and poor sinterability [19]. Catalytic 

properties of CeO2 have been attributed to the formation of Ce
+3

 defect sites and subsequent 

oxygen vacancies . CeO2 is n-type semiconductor and has band gap energy that 2,7-3,4 eV , 

CeO2 is generally known as inactive material . Researcher worked that about the electron 

localization of CeO2 with precise observation of high-resolution scanning tunneling 

microscopy reveals that the defects of CeO2 are difficult to move. In this study, the 

preparation of silica–ceria, core–shell microparticles was synthesied using sol gel method and 

their photocatalytic activity in methylene blue. 

 

2. Materials And Methods 

2.1. Chemicals 

Chemicals used in the synthesis were tetraethylorthosilicate (TEOS), cerium nitrate 

hexahydrate (Ce(NO3)3·6H2O),  Ethanol (C2H5OH), NaOH solution (0,01M) and CTAB. 

 

2.2. Preperation of materials 

2.2.1. Preparation of TiO2  

The TiO2 core was prepared by the sol–gel method and hydrolysis and polycondensation of 

TBT. 10 ml TBT and 25 ml absolute ethanol were mixed into 50 ml deionized water. Later, 

the mixed solution was stirred for 4 h after that solutions were separated  by centrifugation, 

the particles  washed several times with deionized water and ethanol before drying at 80 ◦C 

for 4 h. The latest final TiO2 microparticle was obtained by calcining the above powder at 600 

◦C for 3 h. 

 

2.2.2. TiO2/CeO2 core shell particles 

CeO2-coated TiO2 microparticle was prepared by chemical precipitation method. TiO2 

microparticle prepared above was used as core for the coating experiment. First, 1.0 g TiO2 

cores and 1.5 g Ce(NO3)3·6H2O were dissolved into 100 ml  water that containing 0.2 g 

CTAB. The solution was  dispersed for 30 min after its pH value was adjusted to about 10 by 

using 0.01 mol l
−1

 NaOH solution. Mixed solution was stirred for 4 h at aged for 2 h. The 

latest particles was collected by filtration, washing with deionized water for several times to 

remove  contaminants, followed by drying overnight at 80 ◦C in vacuum and calcination at 

400 ◦C for 3h. 
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2.3. Characterization 

The crystalline phase and the component of the sample were examined by XRD(RigakuDmax 

350) using copperK_ radiation (λ = 0.154056 nm). The IR spectrum analysis of precursor was 

carried out employing IR measurement system Thermo-Scientific, (Nicolet IS10-ATR). The 

microstructure and shape of the particle were investigated by SEM (JEOL JSM-7600F) and 

TEM (JEOL JEM 2100F HRTEM). The element was determined using (JEOL JSM-7600F) 

EDAX analyser with SEM measurement. XRD analysis were examined (RİKAGU-SMART 

LAB) measurement. 

3. Results and discussion 

3.1. XRD analysis of  CeO2 and CeO2-coated SiO2 nanoparticle 

XRD patterns of the as-prepared CeO2 (a) and TiO2 (b) and CeO2-coated TiO2 (c) 

microparticle are shown in Fig. 1 and 2. In both particles we observed characteristic CeO2 

peaks that was corresponding to the four strongest peaks of fluorite-structured CeO2 (28.43, 

32.92, 47.38, 56.27) diffractograms of the TiO2/CeO2 core shell microparticle (Fig. 1). It 

means that the shell area of the core shell particles is CeO2. 

 

 

 

Fig. 1. XRD patterns of CeO2 microparticles  
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Fig. 2. XRD patterns of TiO2 microparticles  

 

 

 

Fig. 3. XRD patterns of CeO2-coated TiO2 microparticle 

We observed  peak corresponding to the characteristic of an amorphous TiO2 24.26
o
, 27.40

o
, 

36.29
o
 ve 36.91

o
 (Fig. 1). Figure 3 shows us that two different spectrum respectively. In one 

of these belonging to TiO2 and other one is CeO2 (25,23
o
 and 28,61

o
). It means that 

TiO2/CeO2 particles were synthesed completely which is confirmed with the observation of 

SEM and TEM images. 

 

3.2. FTIR analysis 

FTIR measurement was measurement for TiO2 microparticle, and TiO2/ CeO2 core shell 

particle as shown in Fig.4 and 5. O-H bands from water is detected with around 3430 cm
−1

, 

corresponding to O–H stretching frequency, and (Fig. 4). [Ti(OH)2
2-

]  stretching at between 

1640 cm
-1 

and
 
1450 cm

-1
. Figure 5 shows that 1620 cm

-1
 is belonging to Ti-O-Ti stretching. 

2255 cm-1 is belonging to TiOH2
2-

.Comparing the spectra of TiO2 microparticle and the 
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TiO2/CeO2 core shell microparticle the band at 1711, 1620, 1554, 1192 ve 1040 cm
-1 

is 

belonging to TiO2/CeO2 microparticles. 

 

Fig. 3.  IR spectra of TiO2 microparticle 

 

Fig. 4. IR spectra of TiO2/ CeO2  core shell microparticle. 

 

3.1.4. SEM and EDAX 

SEM analysis gives information about size and shape of particles. Fig. 6 and 7 shown that 

TiO2 particles and of the TiO2/CeO2 core shell particles in the SEM images. Monodispersive 

and very uniform spheres can be clearly observed (Fig. 6). Particle size of the TiO2/CeO2 core 

shell particles, is approximately 500-1000 nm (Fig. 7). EDAX carried out on TiO2/CeO2 core 

shell particle indicated qualitatively the presence of CeO2 (Fig. 7). 
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Fig. 5. SEM images of TiO2 particles 

 

Fig. 6.  SEM images of TiO2/CeO2 core shell particles 
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Fig. 7.  EDAX analysis of TiO2/CeO2 core shell particles 

3.4. TEM analysis  

Fig. 9 show TEM images of the TiO2/CeO2 core shell particles. After coating, particle size of 

the microparticles increases, and a characteristic stage of CeO2 with a lighter opposition and 

shagginess can be clearly observed, which shows the presence of TiO2/CeO2 core shell 

particles. 

 

Fig. 9. TEM analysis of TiO2/CeO2 core shell particles 

3.5. Photocatalytic Activity in Methylene Blue  

In this study, we investigated that degradation of MO and MB for TiO2 particles and 

TiO2/CeO2 particles under UV light. Because CeO2 is not photoactivity materials. Therefore 

we researched it, after coated TiO2 layer what is shown activity. The photoactivity of TiO2 

particles are % 34 MO and % 41 MB respectively. But the photoactivity of TiO2/CeO2 
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particles is %6 MO and %46 MB. It can be explained  that this surface of TiO2/CeO2 particles 

are negatively charge (Figure 9-10). 
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Fig. 9. Removal of MO and MB with TiO2 particles in UV 
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Fig.10. Removal of MO and MB with TiO2/CeO2 core shell particles under UV 

 

3.6. Conclusion 

In this study, the coating of CeO2 on the TiO2 particle surface was performed employing 

precipitation method. XRD study showed that the core area of the composite particle is 

amorphous TiO2, and the shell area is fluorite-structured CeO2. IR spectra showed that the 

coating of the TiO2 particle with CeO2 evidently gives at 1711, 1620, 1554, 1192 ve 1040 cm
-

1 
is belonging to TiO2/CeO2 microparticles. SEM and TEM photos revealed that CeO2-coated 

TiO2 particle possess uniform particle size about 500-600 nm in spherical shape and we 

showed CeO2 particles was not contributed on TiO2 surface homogenously. 
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