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Abstract  In this work, samples of the Ce0.72Zr0.18Pr0.1O2 support and systems deposited on their surface with 0.5, 1.0 and 

2.0% (wt.) of platinum were obtained. Studies were carried out on the catalytic properties of the samples during the oxidation 

of carbon monoxide by gas chromatography. The research on the catalytic activity of the obtained samples in the oxidation of 

carbon monoxide was carried out in a flow reactor under appropriate conditions. The study of the catalysts showed high 

activity in the oxidation of CO in the presence of platinum. 
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1. Introduction 

Today, the issue of air pollution with harmful substances 

during the operation of vehicles with internal combustion 

engines is relevant. Every year the number of vehicles is 

growing, while the content of emissions in the atmospheric 

air is rising.  

To neutralize harmful gaseous emissions of internal 

combustion engines from CO, NOx, and CHx in cars, 

three-ways catalysts – TWC are used [1-5].  

Cerium dioxide, as well as platinum, has found wide 

application in the processes of purification from harmful 

emissions from gas engines of internal transport [7–9] and 

connection with the operations of ecological catalysis [11]. 

Due to its well-known unique redox properties and high 

mobility of oxygen in the lattice, cerium oxide is considered 

a promising component for such catalytic materials [3,10]. 

Particles of Ce-Zr dioxide systems also have more 

resistance to sintering, which prevents a decrease in the 

specific surface area of the catalyst under the action of 

heating and contributes to the preservation of its activity 

under high-temperature conditions. Ce-Zr dioxide systems 

modification with praseodymium ions leads to an increase 

in defect formation to grow in the oxygen mobility in the 

crystal lattice [6,9,12-18], which  leads to  growth  in its  
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catalytic activity. According to [15], adding even a small 

amount of Pr can increase the oxygen mobility of CeO2. 

This work aimed to study and compare the catalytic 

properties of Ce0.72Zr0.18Pr0.1O2 and Pt/Ce0.72Zr0.18Pr0.1O2 

samples in the process of CO oxidation to reduce vehicle 

emissions into the environment. 

2. Materials and Methods 

Ce0.72Zr0.18Pr0.1O2 solid solutions were synthesized 

according to the procedure described in [20]. 

Ce0,72Zr0,18Pr0,1O2 solid solutions were synthesized by 

coprecipitation of sparingly soluble compounds of cerium, 

zirconium, and praseodymium, followed by filtration, 

washing out of nitrate ions, drying, and calcination.     

The initial solution was prepared by mixing appropriate 

amounts of 0.1 M solutions of cerium (III), zirconyl, and 

praseodymium (III) nitrates in the molar ratio of Сe:Zr: Pr = 

0,72:0,18:0,1, respectively. The solution was heated to  

40°C, after which, with constant stirring, a 5% ammonium 

hydroxide solution was slowly added until pH=10-11 was 

reached. Next, the precipitates were subjected to ageing 

under a layer of mother liquor for 1 h at room temperature. 

The precipitate was separated by centrifugation, dried at 

100°C for 20 hours, and then calcined in a muffle furnace at 

500°C for 2 hours. 

The supported Pt/Ce0.72Zr0.18Pr0.1O2 catalysts were 

obtained by impregnation from platinum (II) acetylacetonate. 

The dried weighing of oxide carrier weighing 5 g was 

introduced into a solution containing the required amount of 
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platinum (II) acetylacetonate in 20 ml of methylene chloride. 

Then the mixture was dried with constant stirring in a stream 

of warm air until a mass was obtained in the form of a 

free-flowing powder. The resulting sample was calcined in a 

muffle furnace at 300°C with atmospheric air and then 

reduced in a stream of hydrogen H2 at 400°C for 2 hours. 

The catalytic activity of the obtained samples in the CO 

oxidation reaction was studied by the flow method. The 

composition of the model gas mixture was (vol.%): СО – 

3,35; О2 – 7,98; N2 – 88,67. The concentrations of CO and O2 

were measured on a Chrom-5 gas chromatograph (13X 

molecular sieves with a length of 1.5 m and an inner diameter 

of 4 mm on the sorbent). Regeneration of the column was 

carried out for 20 min at a temperature of 150°C. The 

temperature of the columns during measurements was 60°C. 

The tests were carried out at a gas mixture space velocity of 

1800 h-1 in the temperature range from minus 13°C to 300°C.  

3. Results and Discussion 

The results of the catalytic activity by the oxidation of  

CO are illustrated in Fig. 1. From the analysis of Fig. 1, it 

follows from Table 1 that sample containing platinum, which 

provides complete oxidation of CO in the low-temperature 

region, showed high activity in the model reaction of CO 

oxidation. The 50% conversion temperature is: 33°C for the 

system with 2 wt % Pt, 197°C for the pure support sample, 

and the 90% conversion temperature is 52°C and 250°C for 

Pt/Ce0.72Zr0.18Pr0.1O2 and Ce0.72Zr0.18Pr0.1O2, respectively.  

The study of the obtained supported Pt catalysts in the 

model reaction of CO oxidation showed the high activity of 

all the studied samples, which provides complete oxidation 

of CO in the low-temperature region. The activity of 

supported Pt catalysts increases monotonically with an 

increase in the loading of the active component. Tests at a 

high flow rate of the gas mixture cause certain difficulties  

in providing an accurate measurement of the temperature of 

complete conversion associated with the ignition of the 

catalyst and the difficulty of maintaining the isothermal 

regime. Tests for the temperature of complete oxidation at a 

high flow rate of the gas mixture showed a linear relationship 

between the loading of the active component and the 

temperature of complete conversion. With the same loading 

of the active component, samples with Pt are active (Table 

1). 

The results obtained can be explained by the high activity 

of platinum in CO oxidation. This behaviour can be 

explained by the degree of dispersion of the platinum metal 

on the support surface, which contributes to an increase in 

the area of active centres on the surface. 

When compared with highly dispersed known systems 

PtOx-CeO2 [12], Ce0.8Zr0.1Pr0.1O2 [13], Ce0.8Zr0.1Pr0.1O2 [19] 

and Pr0,1Zr0,18Ce0,72O2 [11], the resulting samples exhibit 

high catalytic activity in CO oxidation (Table 1). 

Table 1.  Comparative table of temperatures of 50 and 90% CO conversion 

Sample 
Degree of CO conversion 

T50 (°C) T90 (°C) 

Ce0.72Zr0.18Pr0.1O2 197 250 

Pt(2%, wt.)/Ce0.72Zr0.18Pr0.1O2 33 52 

Pt(1%, wt.)/Ce0.72Zr0.18Pr0.1O2 42 54 

Pt(0.5%, wt.)/Ce0.72Zr0.18Pr0.1O2 48 70 

Pr0,1Zr0,18Ce0,72O2  [11] 206 246 

PtOx-CeO2  [12] 180 203 

Ce0.8Zr0.1Pr0.1O2  [13] 239 295 

Ce0.8Zr0.1Pr0.1O2  [19] 334 387 

 

 

Figure 1.  The catalytic activity of the obtained samples in the reaction of CO oxidation 
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4. Conclusions 

In the study of the catalytic activity of the obtained 

samples in the CO oxidation reaction, both models showed 

positive results in the oxidation of CO, but the application of 

2% (wt.) Pt greatly improves the catalytic activity of the 

support.  

Samples of the PtOx-CeO2 solid solution with a platinum 

content of 2% (wt.) have catalytic activity in the oxidation  

of CO at temperatures above 180°C, and the sample 

synthesized in this work of 2% (wt.) Pt/Ce0.72Zr0.18Pr0.1O2 has 

such activity at a temperature of 52°C. Models of the solid 

solution of oxides Ce0.8Zr0.1Pr0.1O2 [13] and Ce0.8Zr0.1Pr0.1O2 

[19] have a specific activity of 90% CO conversion at 

temperatures of 295°C and 387°C, respectively, respectively, 

while the synthesized sample of Ce0.72Zr0.18Pr0.1O2 has such 

activity at a temperature of 250°C. The Pr0,1Zr0,18Ce0,72O2 

model obtained in [11] has a similar performance. The 

temperature of 50% CO conversion differs by 9 degrees and 

that of 90% conversion by 4 degrees. 
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