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ABSTRACT 
Pt/Al2O3–CeO2 nanocatalyst with Pt loading of 1% 

and ceria loading of 30% were successfully prepared 

via ultrasound-enhanced impregnation method to be 

utilized in total catalytic oxidation of toluene. The 

nanocatalyst was characterized using XRD, FESEM, 

BET and FTIR techniques. The XRD patterns 

confirmed the formation of cerium oxide as the 

crystalline phase on alumina with an average 

crystallite size between 8.1–8.7 nm, derived by 

Scherrer equation. FESEM images confirmed that 

this nanocatalyst had ceria and Pt particles in nano-

ranges. BET surface area presented large surface area 

for nanocatalyst. Therefore, these patterns revealed 

the promoting effect of ultrasound irradiation on the 

surface properties. The results of toluene oxidation 

indicated that the synthesized nanocatalyst was 

highly active and able to remove nearly 100% of 

toluene as representative VOCs. The presence of 

nanoparticles along with good characteristics of the 

synthesized nanocatalyst presented it as a highly 

efficient material for catalytic oxidation of VOCs. 

 

INTRODUCTION 
Because of the necessity of complying with the 

stringent environmental restrictions imposed 

worldwide on VOCs emission, many attempts have 

been made to improve the activity of catalysts for 

VOCs oxidation. 

Supported noble metals especially platinum on γ-

Al2O3 catalysts have been used widely and efficiently 

for the oxidation of VOCs [1]. However, this catalyst 

is easy to deactivate at relatively low temperatures 

due to sintering and poisoning of Pt active phase 

under these conditions. 

There are several factors that influence catalyst 

activity like active phase loading, surface area of the 

catalyst, the dispersion of active compound and 

promoters. Ceria can play the role of promoter and 

reducible support. The redox property of ceria helps 

the thermal resistance of the supports, the dispersion 

of supported metals, the oxidation and reduction of 

supported noble metals and the decrease in coke 

formation on the catalyst surface [2-5].  

The common preparation method for the supported 

catalyst involves impregnation of the metal onto the 

support. This is a simple method that allows for easy 

dispersion of the active component onto the surface 

of the support. In principle, the number of catalytic 

active sites increases as the dispersion of the active 

phase increases. Recently, the application of 

ultrasound for investigating different chemical 

reactions and catalyst synthesis is of interest. 

Cerium oxide in combination with mostly Pt and 

Al2O3 and other metal oxides has been used in many 

catalytic applications such as steam reforming 

reactions [6, 7], wet air oxidations [8, 9], partial 

oxidation of methane [10], water–gas shift reaction 

[11] as well as catalytic oxidation of VOCs [12]. The 

Pt/Al2O3–CeO2 catalysts have been used for CO 

oxidation [13] and partial oxidation of methane [14]. 

Recently, Abbasi et al. used Pt/Al2O3–CeO2 catalysts 

with nano characteristics for catalytic oxidation of 

VOCs [15]. However, to our knowledge using 

sonochemically synthesized Pt/CeO2-Al2O3 catalyst 

for catalytic oxidation of VOCs has not been 

reported in literature, so there was an enthusiasm to 

investigate this nanostructured system for total 

oxidation of toluene. 

In this paper, we examined the activity of a 

sonochemically synthesized Pt/CeO2-Al2O3 catalyst 

containing 1wt.% of Pt and 30wt.% of CeO2 for total 

oxidation of toluene. To this aim, the synthesized 

nanocatalyst was characterized by XRD, FESEM, 

BET and FTIR techniques. Moreover, the activity 

and stability of the synthesized nanocatalyst was 

tested within the reaction conditions. 
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MATERIALS AND METHODS 

Materials: Hexachloroplatinic acid (H2PtCl6·6H2O) 

was used as Pt precursor. Cerium nitrate hexahydrate 

(Ce(NO3)3·6H2O) and γ-alumina were used as cerium 

precursor and support, respectively. Toluene was used 

as representative VOCs for the investigation of 

catalyst activity. The materials were from Merck 

Company and were not purified further. 

  

Preparation and Procedures: Schematic 

flowchart for the preparation steps of nanostructured 

Pt/Al2O3–CeO2 catalysts is illustrated in Figure 1. 

The nanocatalyst was prepared via ultrasound 

assisted impregnation method. At first, a solution of 

cerium nitrate hexahydrate was prepared considering 

the appropriate loading of ceria on alumina. Then the 

alumina support was added to the solution and mixed 

for about 3 h. Next the mixture was dried at 110°C 

for 24 h and calcined at 500°C for 4 h under air flow. 

To this stage the Al2O3–CeO2 support was prepared. 

In the next stage, Pt was deposited on the synthesized 

support via wet impregnation method. The solution 

was purged with argon for 45 min and irradiated with 

high-intensity ultrasound radiation (90 W) under 

argon at room temperature for a pre-determined time 

(45 min) by employing a direct immersion horn to 

obtain Pt/Al2O3–CeO2. 

 

 
Figure 1 

Schematic flow chart for the ultrasound assisted 

synthesis of Pt/Al2O3-CeO2 nanocatalyst. 

 

 

Characterization Techniques: The structure of 

catalysts was assessed using XRD analyzer (Bruker 

model D8 advance, Germany). Conditions of 

analysis were as follows: Cu-Kα radiation (λ = 

1.54178 A°); scanning rate: 0.02°/s; scanning range 

(2θ): 20–80°. The morphology and particle size of 

the nanostructure catalysts were observed by Field 

Emission Scanning Electron Microscopy (FESEM) 

analyzer (HITACHI S-4160). For addressing surface 

functional groups, Fourier Transform Infrared 

Spectroscopy (FTIR, UNICAM 4600) was carried 

out in the range of 400–4000 cm
−1

 wave number.  

 

Experimental Setup: Figure 2 shows the utilized 

experimental setup for activity measurement of 

Pt/Al2O3–CeO2. The tests were performed at 

atmospheric pressure in a 5mm i.d. U-shape pyrex 

reactor. The amount of loaded catalyst was 0.5 gr. 

Reactor placed in a furnace which provides the 

required temperature for catalytic reaction (70-

300°C). For producing the gas stream containing 

toluene, a saturator was utilized. After air entrance to 

the saturator and diffusion through the liquid 

toluene, it carries some of these pollutants as vapour 

and exits from outlet pathway. For controlling the 

temperature of the saturator a mixture of ice and 

water was used. The other air flow was mixed with 

polluted stream to stabilize the concentration of 

toluene containing stream. The concentrations of the 

inlet and outlet gas stream were analyzed by GC 

(Teif Gostar, Iran) equipped with TCD and FID 

detectors. 

 

 
Figure 2 

Experimental setup for testing catalytic performance 

of Pt/Al2O3-CeO2 nanocatalyst synthesized using 

ultrasound energy. 

 

RESULTS AND DISCUSSIONS 

XRD Analysis: The XRD patterns of (a) γ-Al2O3, 

(b) CeO2 and the synthesized Pt/Al2O3–CeO2 

nanocatalyst are shown in Figure 3. It can be seen 

that synthesized catalyst contained poorly crystalline 
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Al2O3 with 2θ values of 37.44, 39.67, 45.79, 60.45 

and 67.30 (JCPDS 00-004-0880), and crystalline 

CeO2 with 2θ values of 28.7, 33.2, 47.7, 56.6, 59.4, 

69.8, 77.1 and 79.5° (JCPDS 01-075-0076). 

Therefore, XRD data confirms the formation of CeO2 

as the crystalline phase on Al2O3 with the average 

crystallite size of 8.1–8.7 nm, derived by Scherrer 

equation which is less than the average crystallite size 

of pure ceria (10.5 nm). By comparison of XRD 

patterns, it is observed that the diffraction peaks 

intensity of Al2O3 and CeO2 is decreased by the Pt 

addition and ultrasound irradiation. Moreover, pattern 

(c) does not show the presence of platinum metal or 

platinum oxides. This not detectable presence of 

platinum may be due to the low loading or can denote 

a high metal dispersion in the obtained catalysts as a 

result of ultrasonic irradiation. 

 

 
Figure 3 

XRD patterns of (a) γ-Al2O3, (b) CeO2 and (c) 

synthesized Pt/Al2O3-CeO2 nanocatalyst synthesized 

using ultrasound energy. 

 

FESEM Analysis: FESEM micrographs of samples 

(Figure 4) indicated that no obvious conglutinated 

particles were observed in the Pt/Al2O3-CeO2 catalyst 

and the surface appeared to be covered with a great 

deal of nano scale particles. The catalyst showed a 

regular shape and uniform distribution of particles 

size. The results suggested that the ultrasonic 

technology was an effective route to obtain highly 

homogeneous and dispersed modified Al2O3- based 

catalyst. Nano particles provide more reactive and 

reducible sites and results to a high catalytic 

performance of the catalyst. Furthermore, this 

nanocatalyst has the advantage of precious metal and 

ceria promoter with the nano scale particles 

deposited on an inexpensive high surface area 

support that makes it a very suitable catalyst for 

VOC removal. 

 

 
Figure 4 

FESEM images of (a) γ-Al2O3, (b) CeO2 and (c) 

synthesized Pt/Al2O3-CeO2 nanocatalyst synthesized 

using ultrasound energy. 

 

BET Analysis: The high specific surface area of 

nanostructured Pt/Al2O3–CeO2 catalyst for the 

oxidation of volatile organics shown in Figure 5 

confirmed the obtained results of FESEM analysis 

and presented further evidence on the synergetic 

effect of ultrasound. The high surface area results in 

more adsorption sites for pollutants to be oxidized. 
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Adsorption is one of the important steps of a catalytic 

reaction and the surface area of the catalyst is a very 

important need for adsorption of volatile organics. 
 

 
Figure 5 

BET surface area of γ-Al2O3, CeO2 and synthesized 

Pt/Al2O3-CeO2 nanocatalyst synthesized using 

ultrasound energy. 
 

FTIR Analysis: FTIR spectra of the samples are 

shown in Figure 6. The stretching vibration for 

structural –OH and adsorbed water at wave number 

about 3450, 1640 and 1400cm
−1

 for all samples were 

observed [16]. These vibrations imply to physically 

adsorbed water in all samples after heat treatment. 

However, the 1400cm
−1

 peak is less intense for 

alumina support without ceria and Pt. In sample (a) in 

the figure, existence of Al–O bond, in sample (b) Ce–

O band and in sample (c) Al–O and CeO–O bonds 

was expected. Characteristic vibrational bands next to 

570cm
−1

 for Al–O  and around 700cm
−1

 for Ce–O 

[17] have been reported. FTIR spectra recorded for 

sample (b) shows a significant change near 700cm
−1

 

which is attributed to Ce–O bonding and stretching 

around 500cm
−1

 can be attributed to oxygen existence 

in sample. 
 

Catalytic Performance Study: It should be 

noticed that usage of noble metal along with 

reducible oxide has the advantage of combining high 

activity and stability. Besides, the ultrasound 

irradiation promotes this feature as possible. 

Figure 7 presents the catalytic activity for toluene 

oxidation as a function of reaction temperature. It is 

identified from the figure that for synthesized 

nanocatalyst, the activity increases by raising the 

temperature. The conversion of toluene over the 

nanocatalyst is around 100% at 240 
◦
C. This behavior 

can be addressed by high dispersion of ceria and 

platinum particles over alumina carrier in 

Pt(1%)/Al2O3–CeO2(30%) as a result of utilization of 

ultrasound irradiation. 

 
Figure 6 

FTIR spectrum of (a) γ-Al2O3, (b) CeO2 and (c) 

synthesized Pt/Al2O3-CeO2 nanocatalyst synthesized 

using ultrasound energy. 

 

The stability of the resulting catalyst for toluene 

oxidation was measured over a 24-h period, during 

which the reactor was operated continuously under 

the test conditions. As shown in Figure 8, the toluene 

oxidation is stable from it’s initially values to end. It 

is obvious that the prepared catalyst exhibits a stable 

catalytic performance for the whole test period. This 

may be due to the fact that the catalyst prepared by 

ultrasonic impregnation contains more active sites or 

that some of the Pt may be forced inside the pores of 

the support. This may prevent the active sites from 

being easily covered with increasing coke, 

improving the stability of catalyst. 

 

 
Figure 7 

Oxidation performance of Pt/Al2O3-CeO2 

nanocatalyst synthesized using ultrasound energy 

toward total oxidation of toluene. 
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Figure 8 

Time on stream performance of Pt/Al2O3-CeO2 

nanocatalyst synthesized using ultrasound energy 

toward total oxidation of toluene. 

 

CONCLUSIONS 
In preparing heterogeneous catalysts, sonication is 

able to greatly improve the dispersion of the 

supported metal or metal oxides catalysts and reduce 

the particles size. In summary, homogeneous and 

dispersed Pt/Al2O3-CeO2 nanocatalyst was prepared 

by ultrasonic technology in order to toluene 

oxidation. The prepared catalyst showed high 

catalytic activity and reaction stability. This suggests 

that ultrasonic irradiation is a suitable method to 

prepare Pt/Al2O3-CeO2 nanocatalyst in order to 

toluene abatement. 
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