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Abstract: A solution was synthesized in a system ZrO2-CeO2  by sol-gel synthesis and deposited by the immersion method. The pretreated 

Nb substrate was treated with sulfuric acid and absolute alcohol solutions. Layering was in three stages. The sample was heat treated at 

500°C. The obtained results are characterized by XRD, XPS, CEM analyzes. 
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1. Introduction 

In the last few decades, intensive work has been done on the 

synthesis of layers and bulk materials (hybrid, composite) from 

ZrO2-Al2O3 by the sol-gel method. A number of valuable qualities 

of the obtained compounds and materials have been established, 

such as: very good mechanical properties including resistance to 

wear, high chemical and thermal resistance, inertness to various 

corrosive environments, very good adhesion to various supports and 

sub-layers - inorganic, organic and composite inorganic - organic. 

[1-11]. The use of sol-gel technology allows to obtain uniform 

homogeneous thin films (at the molecular level) at much lower 

temperatures and in a shorter time than conventional solid-phase 

methods. Through this method, compounds with very good optical 

properties are also obtained. The sol-gel method allows the effective 

combination with other methods such as hydrothermal production, 

co-precipitation, combustion, etc. [6,10]. The mentioned qualities 

make it possible for the ZrO2-Al2O3 samples obtained by sol-gel 

technology to be used on an industrial scale as well. It should be 

emphasized that the ZrO2-Al2O3 system is effectively studied both 

from an applied and from a scientific point of view regarding the 

production of layers, as well as for composite bulk materials. For 

the synthesis of the thin films, the following were used: inorganic, 

organic and mixed inorganic - organic starting substances such as 

organic precursors predominate [1-11]. Vitanov and al. pay special 

attention to the formation of amorphous phases in zirconium oxide - 

aluminum oxide under the influence of the promoting effect of 

Al2O3. The authors synthesized thin films by the sol-gel method 

using the dipping technique. Combined organic-inorganic 

precursors were successfully used to deposit the layers of ZrO2-

Al2O3, which have very good dielectric properties and allow them 

to be used at relatively high temperatures [1,2]. Of particular 

interest are the results obtained by Malkai et al. for new composite 

materials in the ZrO2-Al2O3 system – The authors synthesized 

tetragonal ZrO2 stabilized as a result of the promoting effect of 

Al2O3. The obtained zirconium dioxide is stable even after 

annealing at 1450°C [3]. Asl obtains ZrO2 and ZrO2 – Al2O3 thin 

layers which it deposits on aluminum alloy AA 2024. It uses 

inorganic and organic precursors establishing the very good anti-

corrosion properties of the layers[4]. Hao used a sol-gel method to 

obtain composite membranes based on ZrO2–Al2O3 at a zirconium 

dioxide molar content of 50%. The authors found that upon 

tempering in the range 700-1100oC, tetragonal ZrO2 is formed 

without the presence of other phases. Both inorganic and organic 

precursors have been used [5]. Nouri synthesized ZrO2 – Al2O3 

composite nano powders from organic starting materials without 

using stabilizing substances, finding that at 20% molar content of 

Al2O3 and annealing at 1100oC, only a tetragonal phase of ZrO2 is 

obtained in the absence of a monoclinic phase. Annealing from 

500°C Leads to the formation of an intermediate amorphous phase 

[6]. Wasim obtained bio-nano-structured composites by annealing 

at 1000°C by stabilizing ZrO2 by adding 4%YCl3. The resulting 

composite is 15 – 25 nm in size. The influence of heating was 

investigated and it was found that even at 1000°C the obtained 

tetragonal zirconium dioxide does not undergo phase changes [7]. 

X.Zhang synthesizes crack-free ZrO2-Al2O3 materials by sol-gel 

method and immersion technique. The authors used isothermal and 

cyclic oxidation of coated and uncoated TiAl-based alloy samples 

(annealed at 1000°C). Coatings have been found to reduce the 

oxidation rate of alloys and increase their resistance to applied 

cyclic oxidation.[8] Kikkawa synthesized by burning ZrO2 – Al2O3 

material using inorganic precursors and found that at temperatures 

below 1000°C tetragonal ZrO2 with dimensions of 17nm is formed 

[9]. W.Zhang obtained from inorganic precursors an amorphous sol 

using 1 day aging at 20oC [10]. 

 

Current research is aimed at the synthesis and deposition of thin 

films of the ZrO2-CeO2 system on a pure niobium substrate and the 

characterization of the obtained results. 

2. Experimental part. 

Zirconium oxochloride ZrOCl2.8H2O was dissolved in absolute 

alcohol used to prepare a 0.1M solution by the sol-gel method. It is 

dissolved in HNO3 in a certain stoichiometric ratio. Ce(NO3)3.6H2O 

dissolved in isopropanol to a 0.4M solution was also used as a 

precursor. The Nb substrate was previously cleaned in H2SO4 and 

absolute alcohol. Dip into the solution and withdraw at a constant 

speed of 3 cm/min. Immersion takes place in three stages. The first 

stage is the deposition of seven layers in the ZrOCl2.8H2O solution. 

The second stage is the deposition of 3 layers in a solution of 

Ce(NO3)3.6H2O. The third stage is mixing the two solutions into 

one common and again depositing three layers. After each 

deposition, the sample is dried at 120°C. Thermal treatment is at 

500oC with a delay of 2 hours. 

 

3. Results and discussions 
 

X-ray analysis was performed with CuKa-radiation (Philips PW 

1050 apparatus). XPS analysis was used to characterize the 

electronic structure of the films and SEM analysis (Philips 515 

apparatus used) was used to determine the morphology of the 

sample. 

 

 

Fig. 1 X-ray analysis of the specimen 

X-ray phase analysis data (Fig. 1) show that nanocrystalline 

phases are formed after isothermal heating. Figure 1 shows the 

oxides of ZrO2, Nb2O5, a mixture of CeO2-ZrO2, and also the 

intermetallic Zr0.21 Nb0.79. At 18.5o, 19o 2θ a cubic ZrO2 phase is 

observed. No monoclinic zirconium oxochloride phase is contained 

XPS analysis 
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XPS (fig.2) measurements were performed with an 

electron spectrometerAXIS Supra (Kratos Analytical Ltd.),using a 

monochromatic AlKα X-ray source with a photon energy of 1486.6 

eV and a surface charge neutralization system. The binding energy 

(BE) was determined with an accuracy of ±0.1 eV using the C1s 

line at 284.6 eV (of adsorbed hydrocarbons) as a reference. The 

chemical composition of the films was determined based on the 

areas and binding energies of the photoelectron peaks.Kthe 

concentrations of the various chemical elements (in atomic %) were 

calculated by normalizing the areas of the photoelectron peaks to 

their relative sensitivity factors. 

 

 
Fig. 2 XPS analysis of the sample 

XPS analysis of the sample confirmed the result of the X-ray 

analysis. CeO2 and ZrO2 peaks were found. Binding energies for Zr 

3d – 182.2 and 184.5 eV are characteristic of ZrO2 and of Ce3d – 

about 885 eV characteristic of CeO2. The obtained niobium spectra 

are from the substrate (sample) on which the sol-gel films were 

deposited. 

 

CEM  analysis 

 

 

 

 

 

 

 

 

 

Fig. 3. SEM image of the surface of the deposited sol-gel layer 

Figure 3 shows the morphology of the coated sample from a 

layer with a fine-grained structure. This fine layer is uniform and 

dense over the entire surface of the sample. 

 

 

 

 

 

Fig. 4. Scanning electron microscopy of the sample 

SEM images of ZrO2-CeO2 thin films are shown in Figure 4. 

The Zr-Ce atomic ratio is determined to be 5.79:3.50. The main 

spectra of the individual elements of the layer (O, Zr, Ce and Ta) 

are observed, and the last spectrum is very likely to be of Nb 

overlapping the spectrum of tantalum, since the starting sample is 

only of niobium. 

4. Conclusion: 

The sol-gel method has been successfully used both for 

obtaining layers and for synthesizing bulk materials from ZrO2 – 

CeO3. 3 steps were used to apply the layers by dipping. Successful 

application to the substrate and sub-layers depends on the 

appropriate concentration. The results were characterized by XRD 

XPS and CEM analyses. The presence of a Zr-Ce layer was 

established by X-ray analysis. XPS and CEM analyzes confirm 

these results. ZrO2 – CeO3 samples are also very promising for 

applications at high temperatures, as they have high corrosion 

resistance, wear resistance and high fire resistance. 
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