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Abstract 

Several nanostructured ceria-based catalysts were synthesized at different condition 

of temperature and pH values by hydrothermal technique [1,2]. Nine catalysts were 

obtained with different shapes and structural proprieties. The material synthesized 

were characterized and tested for the CO oxidation, soot combustion and NO 

oxidation. 

 

Introduction 

In the last years, Diesel and gasoline-type engines are becoming popular in the 

automobile field thanks to their high efficiency, durability and lower emissions of 

CO and unburned hydrocarbons. However, the latter are sources of air pollutants: 

particulate matter (PM), NOx and many other volatile organic compounds (VOCs) 

[3-6]. To contain these emissions, during the years, different kinds of catalysts 

were studied and synthesized. Among them were privileged noble metal-based 

ones, such as platinum and ruthenium. However, they are expensive materials and 

then to find cheaper ones and possibly with the same or less reactivity, research 

groups studied for a long time possible alternatives. Ceria-based catalysts are an 

interesting alternative because Ceria is classified as a material with high oxygen 

storage (OSC) and high availability of surface oxygens; moreover, it carries on the 

oxidation reaction via a Mars-van Krevelen mechanism [7]. As shown in Fig. 1 the 

pollutant reaches to the catalyst surface, it can be adsorbed and so it reacts with the 

lattice oxygen. Then it is desorbed and the oxygen vacancy is replaced by O2 from 

the atmosphere. 

Thanks to these features, Ceria-based catalysts have been studied by numerous 

research group: the studies demonstrate that nanostructured catalysts are much 

reactive than polycrystalline ones [8]. This is accomplished because nanostructured 

materials have (110) and (100) planes preferentially exposed and they are more 

reactive than (111) exposed planes of polycrystalline structures [8]. 
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This work is focused on ceria-based material: different types of catalysts were 

synthesized and their physico-chemical characteristics were investigated by 

different techniques (i.e. XRD, N2-physisorption at -196 °C, H2-TPR, CO-TPR, 

FESEM). Then, the powders were tested for the CO oxidation, soot combustion 

and NO oxidation. 

 

Preparation of samples 

Ceria-based catalysts were synthesized by hydrothermal technique [1,2]. Shortly, 

4,4 g of Ce(NO3)3·6H2O (Sigma-Aldrich) were dissolved in 10 ml of distillate 

water, namely the Solution A. A proper amount of NaOH (Sigma-Aldrich), that it 

changes due to the pH chose during the synthesis, was dissolved in 70 ml of 

distillate water, this is Solution B. Then Solution A is drop-wise to Solution B and 

it is agitated at r.t. for 1 h. The slurry obtained is decanted to a Teflon autoclave. 

The autoclave is full-filled by deionized water to reach 75% of its volume, that 

corresponding to 150 ml. The autoclave is transferred to a furnace for an aging 

treatment at the temperature choose. The slurry is washed and dried overnight at 70 

°C. The powder is calcinated at 550 °C for 4 h. Thus, all the Ceria-based catalysts 

were obtained: pH values and temperatures were varied one at a time. 

 

Results 

Some main physical features of the prepared samples, derived from N2 

physisorption at -196 °C and X-ray diffraction, are reported in Table 1.  

Fig. 2 shows the XRD diffractograms of the catalysts. The latter samples exhibit 

similar patterns referring to the cubic fluorite structure, marked by the existence of 

(111), (200), (220), (311), (222) and (400) planes [9,10]. As reported in Table 1, 

the (200)/(111) ratios increase as a function of the temperature and basicity values. 

On the other hand, both the specific surface area (SBET) and total pore volume (Vp) 

of the samples decrease as the temperature and the NaOH concentration values 

growth. Fig. 3 shows the FESEM micrographies of the samples prepared with 

different synthesis conditions. At lower NaOH concentrations (i.e., 4 M) the 

presence of nanorods prevails independently on the temperature used during the 

aging step. However, higher temperatures (i.e., 180 °C) seem to favor the creation 

of bigger rods along with few well-defined nanocubes. Conversely, the higher 

Figure 1. Example of the Mars van-Krevelen mechanism over ceria-based 

catalysts. 
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basicity favors the development of well-defined cubes as the temperature ranges 

between 170 and 180 °C. On the other hand, a low aging temperature (i.e., 150 °C) 

leads to a mixture of several polyhedra with different shapes and sizes. 

 

Table 1. Textural properties of the samples, as obtained from N2 physisorption at -

196 °C and X-ray diffraction analysis 

 

Catalyst 

 

SBET1 

(m2 g-1) 

Vp2 

(cm3 g-1) 

(200) / (111)3 

 

(220) / (111)3 

 

180 °C – 10 M 9 0.02 0.30 0.51 

180 °C – 8 M 10 0.03 0.30 0.51 

180 °C – 4 M 14 0.08 0.27 0.52 

170 °C – 10 M 8 0.02 0.29 0.54 

170 °C – 8 M 11 0.04 0.28 0.49 

170 °C – 4 M 28 0.11 0.28 0.53 

150 °C – 10 M 11 0.03 0.30 0.47 

150 °C – 8 M 17 0.05 0.26 0.46 

150 °C – 4 M 52 0.17 0.26 0.51 
1 specific surface area measured by BET method; 2 total pore volume; 3 XRD peak intensity ratio 

 

The reducibility of the prepared catalysts has been investigated by means of CO-

TPR. During the analysis, CO reacts with surface oxygens solely derived from the 

solid catalyst, thus forming CO2 as product. The nature of oxygen species is 

understood from the reduction peak temperature, estimated via deconvolution, 

since the oxygen release is highly temperature-dependent. As a whole, an effective 

good catalyst for CO and soot oxidation must be able to release oxygen at low 

temperature and, expectedly, be present at a high quantity. The catalytic activity for 

Figure 2. XRD patterns of the prepared samples 
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the CO oxidation was studied. Fig. 4 shows the CO conversion to CO2 as function 

of the reaction temperature for the prepared catalysts along with the uncatalyzed 

reaction. All the catalysts exhibit positive conversion trends for an increasing 

temperature and total oxidation of CO is reached at about 250 °C for the sample 

“150 °C-4M”. Higher specific surface area means more abundant surface defects 

(i.e. oxygen vacancies) spatially accessible to reactants. 

 

 
Figure 4. CO conversion as function of temperature. 

 

Fig. 5 shows the soot conversion to CO2 and CO as function of the temperature 

obtained with the catalysts in the absence along with Printex-U (no catalyst). The 

CeO2-containing catalysts exhibit positive soot conversion trends (Section A) for 

an increasing temperature and soot combustion was completed at about 650 °C for 

Figure 3. FESEM images of the synthesized catalysts. 
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the less reactive materials. On the other hand, the uncatalyzed soot combustion 

takes place at higher temperature, thus confirming the beneficial role of ceria for 

this reaction. The sample “150 °C-8M” appears the most promising catalyst, thus 

showing that with abundant of (111) planes can be much more effective than larger 

cubes. Conversely, multimodal distributions of CO2 and CO formations are 

reported in Sections B and C, respectively. 

 

Fig. 6 summarizes the results derived from NO oxidation tests, represented by the 

NO2 percentage in NOx mixture as function of the temperature. 

 

 
Figure 6. NO conversion. 

 

The catalysts synthesized at 180 °C show a lower NO oxidation activity. The 

catalysts synthesized at 170 °C and 150 °C but at higher basicity (8 and 10 M) 

exhibit a similar conversion trend: the maximum conversion values are centered at 

≈ 475 °C with the intensity narrowly varying between 35% and 38%. Surprisingly, 

samples “170 °C-4 M” and “150 °C-4 M” give the highest conversion of NO to 

NO2. The peak of the former sample is centered at 447 °C (conversion ≈ 40%), 

while that of the latter is centered at 421 °C (conversion ≈ 49%). The high activity 

Figure 5. Soot conversion. 
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of the last two catalysts may be strongly attributed to their relatively high surface 

area. The other samples of the set, irrespective of morphology and particle size, 

exhibit similar oxidation activities, most likely because they exhibit comparable 

surface area (8 – 14 m2 g-1).  

 

Conclusion 

Different kinds of ceria-based catalysts were synthesized by hydrothermal 

technique. The catalysts were characterized by different techniques to investigate 

their physical-chemical proprieties. The powders were tested for the oxidation of 

three probe molecules: CO, particulate and NO. The catalytic results have shown 

that the best performances for CO and NO oxidation are achieved with the catalyst 

“150°C-4M”. The latter, indeed, exhibited the best textural properties (specific 

surface area and total pore volume). Conversely, for the soot combustion, the best 

catalyst is “150°C-8M”: since is able to reach the best contact conditions with soot 

particle. 
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