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Abstract— Ceria based catalysts doped with calcium, zinc, magnesium were synthesized to the future 

application in the fast pyrolysis biomass in order to improve the kinetics towards volatile hidrocarbons 

production. Through thermal treatment of nitrate aqueous solutions followed by calcination of the produced 

solid powder at 600oC, solid solutions of CeO2 doped with Ca, Zn and Mg have been successfully synthesized. 

The final solid samples have been characterized through X ray diffraction (XRD), scanning electron microscopy 

(SEM) and energy-dispersive spectroscopy (EDS), in order to evaluate both the elemental composition, as well 

as the nature and amount of each crystalline phase (Rietveld analysis). The results show that in all cases the 

desired solid solutions have been obtained, with a mean crystallite size lying in the range between 9.5nm to 

34.9nm, suggesting the presence of nanostructured particles. 
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I. INTRODUCTION 

Catalysts applicability is rising, especially in chemical and 

petrochemical industries. The search for an ideal catalyst is 

incessant, especially in relation to factors that lead to 

deactivation or poisoning because nowadays the focus for 

a process is to have a good optimization and get high 

performance and stability. [1]. 

In heterogeneous catalysis, the surface area should be as 

higher as possible, in order to maximize the exposition of 

the catalyst surface to the reactive media, which maybe 

achieved with nanostructured catalysts. Oliveira et al. [2] 

and Ramos et al. [3], emphasized that thermal 

decomposition through nitrate solutions is a viable method 

for producing nanoparticle materials because they are 

attractive and generate a completely homogeneous 

dispersion of the second phases in the metal matrix. Thus, 

they can obtain superior surface area, proving to be a very 

promising method because it involves low temperatures 

and short synthesis time. According to the current 

literature, metal oxides are promising materials for use as 

nanocatalysts, as the acid and base sites can be optimized 

by inserting specific dopants and also due to the possibility 

of producing nanostructures by different synthesis 

approaches, such as butadiene and biodiesel production, 

which use heterogeneous catalysis to obtain quality and 

selectivity of materials [4,5]. 

In this context, ceria oxide (CeO2) has gained considerable 

attention from scientific community, especially through its 

application as a three-way catalyst, thereby stimulating the 

conversion of oxidized pollutant molecules, such as CO 

and NOx to CO2 and N2, the high selectivity and 

conversion achieved, a consequence of significant oxygen 

mobility in the cubic crystalline structure [6]. Moreover, 

when used as a support for metallic particles, the resulting 

strong interaction contributes for the high selectivity 

observed [7].   

Marinković et al. [8] verified that catalysts containing 

calcium oxide and magnesium oxide are promising 

materials to be used as heterogeneous catalysts in biodiesel 

production due to high efficiency in transesterification 

reaction. According to Borges and Díaz [9], CaO presents 

interesting properties for this kind of reaction such as high 

activity, long catalyst life and requires moderate reaction 

conditions. Ferreira [10] studied the pyrolysis process 

using two types of raw materials, sugarcane biomass and 

Macaúba pulp presscake. The obtained results indicated 

that CaO increased non-condensable gases levels 

supporting the idea that the catalyst application in the 

gasification process of biomass should increase in a near 

future, due to low cost and its favoring in relation to the 

synthesis gas with lower CO2 formation, a possible 

byproduct of this process. In this context, Nokkosmäki 
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[11] has shown that ZnO, a recognized basic oxide, can 

also function as an excellent catalyst for bio-oil formation 

through rapid pyrolysis of pine sawdust, improving the 

chemical stability of the treated oil and significantly 

increasing the viscosity of the oil. around 55%.  

In the present work cerium oxide samples doped with 

calcium, zinc or magnesium were synthesized through co-

precipitation from thermal treatment of aqueous nitrate 

solutions. Next, the synthesized materials were 

characterized by scanning electron microscopy and 

energy-dispersive spectroscopy (SEM/EDS) and X ray 

diffraction (XRD), in order to evaluate both the elemental 

chemical composition, and also to quantify the crystalline 

phases present, confirming the production of the ceria 

solid solutions of interest.  

 

II. METHODOLOGY 

2.1.  Surface Mixed Oxide Synthesis 

The synthesis procedure starts with preparation of 0.05 M 

aqueous solutions of analytical grade zinc 

(Zn(NO3)2.6H2O), calcium (Ca(NO3)2.4H2O) and 

magnesium (Mg(NO3)2.6H2O) powders. Next, 75mL of 

each dopant solution was mixed with the same volume of a 

0.1624 M aqueous cerium (Ce(NO3)3.6H2O, PA) nitrate 

solution.  

The final solution was then thermal treated in a blanket for 

120 minutes reaching around 250°C and the resulting 

powders calcined at 600°C for 3 hours in muffle furnace, 

open to the atmosphere. Table 1 presents the dopant 

included in each sample, together with specific labels for 

future reference in the discussion of the results. 

Table 1. Synthesized samples. 

 

 

 

 

 

 

 

2.2.  Characterization 

After synthesis, each catalyst sample has been 

characterized through SEM/EDS, in order to evaluate both 

surface morphology and elemental chemical composition. 

For accomplish this analysis, a HITASHI tabletop 

microscope was employed, model TM 3000, which works 

with back scattered electrons and 15kV accelerating 

voltage. 

For the identification/quantification of the crystalline 

phases formed, XRD analysis has been performed through 

use of a Bruker diffractometer, model Discover 8, which 

works with Cu source and is equipped with a high 

precision lynxeye detector. The XRD data was next 

analyzed through Rietveld method with fundamental 

parameters, which has been applied through use of 

software TOPAS 5.0 (Bruker). This analysis was 

especially important for the research, in order to confirm 

that the doping process has been successful, as well as for 

the evaluation of the sample mean crystallite size, a 

parameter directly related to the nanostructured content. 

 

III. RESULTS AND DISCUSSION 

On Figure 1 the XRD data for sample A can be seen. The 

Rietveld modelling has been performed with a CIF type 

file based on the structure published by Mohanty et al.  

[12], which consider a CeO2 cubic solid solution, whereas 

the atomic fractions of Ce+4 and Ca+2 are respectively 

equal to 95 and 5%, and where kept constant during the 

refinement.  

 

 

 

 

 

 

 

 

 

 

Fig.1: XRD data after Rietveld analysis from sample 

A. 

 

The results point out the presence of a single crystalline 

phase of the mentioned solid solution, whose large 

diffraction peaks should be associated with the presence of 

nanostructured crystals. The quality of the Rietveld 

refinement can be attested as of quantitative level, 

indicated by the gray bottom line, which depicts the 

difference between experimental and calculated diffraction 

intensities.  

On Figures 2 and 3, the results from SEM/EDS analysis 

performed on sample A can be observed. The gray scale 

contrast suggests the presence of a monophasic material in 

accordance to the information obtained by the Rietveld 

analysis (Figure 1). 

 

 

 

 

 

 

 

 

A. Sample B. Dopant 

metal 

C.  D.  

E. A F. Ca+2 

G. B H. Mg+2 

I. C J. Zn+2 
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Fig.2: SEM micrograph of catalyst sample A (magnified 

2000X). 

As expected, the chemical composition determined 

through EDS (Figure 3), indicates the presence of Ce, O 

and Ca atoms, Ce and O being the atomic entities of much 

higher concentration, both explained by the fact that CeO2 

plays the role of a solvent, and CaO the solute. The peak 

not labeled, localized around 1,5 kev, and which is present 

in the EDS signals of all other samples, should be 

associated to aluminum, an element contained in the 

sample holder. 

 

 

 

 

 

 

 

 

 

Fig.3: EDS signal and elemental composition of catalyst 

sample A. 

 

On Figure 4 the result from Rietveld refinement of XRD 

data of sample B can be observed, which was achieved 

based on CIF files constructed from data of Wook [13] and 

Torres-Huerta [14]. 
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Fig.4: XRD data after Rietveld analysis from sample B. 

 

As in case of sample A, the presence of large peaks 

suggests a significant nanostructured content. The 

assessment quality is evident from the very low difference 

between experimental and calculated intensities. 

According to Figure 4 is realized that this sample has two 

different solid phases. In the cubic structure, CeO2, 

majority element, was doped with 3% of zinc, dopant 

element. For the other one, cerium as dopant element was 

incorporated into the zinc structure. The main explanation 

for this existence is that the solubility limit of zinc in the 

ceria structure could be reached.  

The micrograph obtained through SEM of sample B is 

presented on Figure 5. A careful look at the micrograph 

shows that the gray scale contrast is not uniform, 

suggesting that the distribution of Zn and Ce should not be 

uniform, which could be explained by the hypothesis that 

two phases are present, as confirmed through XRD 

analysis (Figure 4). 

 
Fig.5: SEM micrograph of catalyst sample B (magnified 

2000X). 

 

The EDS spectrum of the area depicted on Figure 5 is in 

accordance to the expectations, the mass fraction of Zn, 

the dopant, much lower than the one for Ce. 
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Fig.6: EDS signal and elemental composition of catalyst 

sample B. 

Figure 7 depicts the refinement of sample C XRD data. 

The Rietveld method was executed with a CIF file based 

MgO structure published by Boiocchi [15]. 
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Fig.7: XRD data after Rietveld analysis from sample C. 

 

The quality of the adjustments could be seen as a 

quantitative analysis due to model curve is sufficient close 

to the experimental values. The results show that there was 

obtained a nanostructured material confirmed by the 

extended peaks of the figure 7. The peak showed in 44 

(2Th Degrees) refers to the MgO structure, indicating a 

small percentage of this structure in this sample, which 

suggest that the solubility limit of Mg was achieved.  

Figure 8 presents a micrograph of sample C, and as in the 

case of sample B (Figure 6), some variations in the gray 

scale intensity can be also be detected, suggesting that the 

material should contain at least two phases, as confirmed 

through XRD analysis (Figure 7). 

 

 
Fig.8: SEM micrograph of catalyst sample C (magnified 

2000X). 

On Figure 9, EDS data for sample C is presented. As in 

case of all other samples, Ce is the major element, 

followed by oxygen and the dopant, Mg in the present 

case. Besides the peak of aluminum (1,5 keV), no signals 

from impurities are observed. 

 
Fig.9: EDS signal and elemental composition of catalyst 

sample C. 

As said before, the significant spreading of the diffraction 

peaks suggests the presence of crystalline regions with 

sizes in the nanometric range. Indeed, the determined 

crystallite average sizes during Rietveld analysis confirms 

this tendency (Table 2). 

Table 2. Crystallite average size regarding each 

synthetized sample. 

Sample Crystallite average size (nm) 

A CaMgO - 10.8 

B ZnCeO - 9.5 ; CeOZn- 34.9 

C MgO- 20.2 ; MgCeO- 9.5 

 

V. CONCLUSION 

The synthesis of doped nanocatalysts based on ceria was 

shown to be effective by the thermal decomposition 

method, especially for the samples with Ca and Mg.  

Through the XRD analysis and the quality of the graph 

adjustments in the quantitative levels by the Rietveld 

method, it can be concluded that the formation of 

nanostructured materials occurred, thus considering the 

successful reagent doping due to the extended peaks and 

their size. average crystallite between 9.5 nm and 34.9 nm. 
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However, it can be noted that one of the cases occurred 

excess solubility. Mostly, the solids solutions of interest 

(CaO/CeO2, ZnO/CeO2, MgO/CeO2) were formed. Due to 

the excess of MgO, and thus, its lack of solubility others 

crystalline phases were identified in samples B and C, 

being in the first sample a non-cubic structure with cerium 

incorporating on the structure of ZnO and in the second, in 

the presence of a small percentage of MgO on the structure 

of the material. 

The results obtained by SEM confirm the monophasic 

nature of samples A and C due to the lack of color contrast 

in the micrographs, however, the data suggest that sample 

C presents more than one phase in the XDR. In the case of 

sample B, the gray contrasts present in the analysis 

confirm the synthesis of a biphasic material. The EDS 

spectra corroborate the expected elemental composition for 

each sample, indicating the absence of impurities, and the 

greater presence of Ce. 
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