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Yttria-stabilized-zirconia (YSZ) has been the object of many studies as a SOFC electrolyte. 
The aim of this work is to produce, by spray pyrolysis process, thin and dense films of 
YSZ. A disk of steel 316L, previously heated, was used as substrate. The film was obtained 
with zirconium acetylacetonate (Zr(C6H7O2)4) and yttrium chloride (YCl3.6H2O), dissolved 
in a mixture of ethanol + butyl carbitol with volume ratio (1:1). ZrO2 amorphous films were 
deposited in the substrate heated at many temperatures. After thermal treatment at 700 ºC 
the films were changed into cubic yttria-stabilized-zirconia structure. The thin films 
obtained were characterized by thermal analysis, scanning electron microscopy, 
transmission electron microscopy, X-ray diffraction and micro-Raman spectroscopy. 
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1. INTRODUCTION 
 
Solid Oxide Fuel Cells (SOFC) convert chemical energy into electrical energy with high 
efficiency and low emissions [1]. In addition, SOFC's have the advantage of not needing to 
use noble metals as catalysts and provide greater theoretical efficiency and co-production of 
electricity/heat than cells of low temperature. In this cell type, all components are solid, 
then it is possible to manufacture it in thin and compact layers, with flexible configurations, 
however the use of this technology is limited by the high operating temperature of the cell. 
The state of the art of SOFCs cells is based on the zirconia electrolyte with a thickness 
ranging between 40-200μm. Due to its low specific ionic conductivity, the operating 
temperature is also high and lies between 900 °C and 1000 °C [2]. The high temperature 
operation activates the interfacial reactions between the components of the cell, but 
difficults the selection of materials, because it must withstand high operating temperatures 
without losing performance. 
The biggest challenge is lowering the temperature operation to around 700 °C. The 
temperature reduction can be achieved when the thickness of the electrolyte is reduced. 
Aiming to reduce the temperature operation of these cells, studies have been conducted to 
obtain electrolytes with lower thickness [2, 3]. The methods used to obtain thin films can 
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be divided into two groups, based on the nature of the film deposition: physical methods, 
which include the physical vapor deposition (PVD) and sputtering. Chemical methods, 
include the chemical vapor depositions (CVD); spray pyrolysis and sol-gel [4, 5]. 
However, the high cost of the processes used to obtain these films with low thickness is a 
major obstacle to the development of the productive chain of solid oxide fuel cells (SOFC). 
Thus, the objective of this study is to investigate the preparation of thin films of yttria 
electrolyte stabilized with zirconia by spray pyrolysis. The yttria-stabilized-zirconia (YSZ) 
is a classic material for solid oxide fuel cells (SOFC) electrolyte [6, 7] and can occur as 
tetragonal or cubic phase [8]. Zirconia doped with ions of lower valence has the vacancies 
number increased, which consequently increases the ionic conductivity of zirconia [9]. The 
incorporation of yttria in the zirconia crystal lattice can be described by a reaction of 
defects using the notation of Kröger and Vink: Y2O3 →2YZr’ + 3OO

x + VO” [10].  
Spray pyrolysis is a technique with a simple and inexpensive arrangement. The main 
advantages of this process are the easy addition of doping materials, good reproducibility, 
high growth rate of the films, chemical homogeneity in the final product and great potential 
for large areas deposition. This technique has been widely used for the deposition of oxides 
as dense or porous films [11]. According to Perednis et al. [4] spray pyrolysis also has the 
potential to produce high quality films with a thickness of 0.1-10 micrometers. In the spray 
pyrolysis process, the solution can be atomized in three ways: by compressed air, electric 
field or using an ultrasonic irradiation. In this study the yttria-stabilized zirconia films were 
obtained from the spray pyrolysis technique using compressed air jet as an atomizer. 

2. EXPERIMENTAL  
 
Thin films were obtained by spray pyrolysis technique using zirconium acetylacetonate (Zr 
(C6H702)4) (ALDRICH 98%) and yttrium chloride (YCl3.6H2O) (CROMOLYN 99,9%) 
dissolved in a solution of 1:1 of ethyl alcohol (C2H6O) (PROTON) and diethylene glycol 
butyl ether (butyl carbitol) (C8H18O3) (ALDRICH). The precursor solution was prepared 
according to the stoichiometry required to deposit the thin film (ZrO2)0.092 (Y2O3)0.08. and 
the overall concentration of salts in the solution was 0.1 mol.L-1. The deposition parameters 
are listed in Table 1 and the thin film was deposited on stainless steel 316 L substrate with 
diameter of 18mm and thickness of 2 mm.  
 

Table 1: Deposition parameters of YSZ film. 
Volume of precursor solution deposited (mL) 50 
Distance airbrush until the substrate (mm) 260 
Concentration of Zr in the solution (mol . L-1) 0.085 
Concentration of Y in the solution (mol . L-1) 0.015 
Air pressure (Kgf . cm2) 3.0 

 
According to Chen et al [12] deposition temperatures below 200ºC produce cracked films 
while films deposited at temperatures above 350 °C are porous. In this work, the films were 
deposited at the following temperatures: T<200°C, 200°C<T<230°C, 230°C<T<330°C and 
350°C<T<420°C. These films were obtained in amorphous form and the crystalline 
structure was stabilized by a subsequent thermal treatment at 700 °C with a heating rate of 
2 K.min-1, and the sample was maintained in this temperature for 2 h [8] with subsequent 
cooling off in the furnace. 
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3. RESULTS AND DISCUSSION  
The morphology of the film was analyzed by scanning electron microscopy (SEM). From 
Fig. 1 (a and b) it is possible to observe that the film deposited at temperatures below 
230°C presented cracks. For this temperature the drops that reach the substrate were rich in 
solvent [12] and during the process, the residual solvent evaporated and promoted film 
defects. 
 

 
Fig. 1: SEM of YSZ film heat treated obtained by deposition, with butyl carbitol and 
ethanol (1:1) as solvent, at different substrate temperatures deposition: (a) T<200°C; (b) 
200°C<T<230°C; (c) 230°C<T<330°C and (d) 350°C<T<420°C.  
 
The increasing of substrate temperature deposition (280ºC ± 50 °C), promotes the 
deposition of homogeneous film without cracks (Fig. 2c). These results showed the 
influence of this parameter on the YSZ film characteristics obtained by spray pyrolysis. To 
very high temperatures of deposition, Chen et al [13] obtained porous films, however, in 
the present work was possible to observe (in Fig. 2) that the film obtained was dense but 
small cracks can be observed, probably due to the high evaporation rate of the solvents. 
The films obtained by spray pyrolysis, deposited at the substrate temperature deposition of 
280°C, presented thickness of about 2.35 ± 0.21 µm (Fig. 3). 
 

 
Fig. 3: SEM cross section for the YSZ film deposited with substrate temperature deposition 

of 280 °C (butyl carbitol + ethanol (1:1) was used as solvent). 
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By the X-ray diffraction analysis (Fig. 4), it is possible to compare the microstructure of the 
film as deposited and after heat treatment. It was observed that the YSZ film, as deposited, 
is amorphous. In this case the temperature of deposition is not enough to promote the 
formation of crystalline phase. After heat treatment at 700 °C for two hours, it was possible 
to obtain the yttria-stabilized-zirconia film crystallizated as cubic phase. This phase is 
desirable to use as solid oxide fuel cell electrolyte[10].  
 

 
Fig. 2: X-ray diffraction of YSZ films obtained by spray pyrolysis using butyl carbitol and 

ethanol (1:1) as solvent. 
  

Fig. 3 shows TGA and DTA analysis of YSZ films obtained in the conditions presented in 
Table 1. The TGA curve shows a small loss of mass up to 70 °C. From that point, there was 
a more pronounced loss of mass, up to 170°C. This second loss of mass was associated to 
the endothermic peak showed in DTA, which is related to the formation of β-diketone 
(C5H7O2) from the zirconium acetyl-acetonate, as it is the proposed in Equation 1 [4].  

Zr(C5H7O2)4 → Zr(C5H7O2)2| + 2C5H7O2 ↑ (Equation 1) 
 
The decomposition of Zr(C5H7O2)2 involves many simultaneous processes between 300 °C 
and 550 °C accompanied of a fast loss of mass to the ZrO2 formation. The analysis shows a 
fast loss of mass until 550°C. These results agree to the results observed in the literature 
and indicated the decomposition of zirconium acetyl-acetonate in zirconium oxide [4]. 
However, the curves presented an inflection between 750°C and 800°C, which can be 
related to the incomplete decomposition of the salt. The analysis of TGA and DTA agree to 
the results showed in the X-ray analysis (Fig.4).  
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Fig. 3: Thermal gravimetric analysis (TGA) and Differential thermal analysis (DTA) of the 
YSZ films after deposition at 280°C, using butyl carbitol and ethanol (1:1) as solvent. 
 
TEM image of the YSZ films heat treated at 700°C (Fig. 6) showed small crystallite size 
(around 6.45 nm). 

 

 
Fig. 6: TEM image of the YSZ film (after comminuting) produced at 280°C ± 50°C and 

heat treated at 700°C for 2 hours, using (butyl carbitol and ethanol (1:1) were used as 
solvent)  

 
The small crystallite size (around 6.45 nm) interferes with the micron-Raman analysis for 
the heat treated sample at 700°C and in this case there are not conclusive results (Fig. 7). 
However, for the heat treated sample at 1200°C (crystalline size around 70 nm), it was 
verified the cubic phase of yttria-stabilized zirconia (Fig. 7). 
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Fig. 7: Micron-Raman analysis of the YSZ films deposited at 280 °C (butyl carbitol and 

ethanol (1:1) were used as solvent) and heat treated at 700 and 1200°C. 

4. CONCLUSION 
The results obtained in this work showed that it is possible to obtain dense thin films of 
yttria-stabilized zirconia by spray pyrolysis. However, the homogeneity of the film and the 
presence of defects are influenced by the substrate temperature deposition during the spray 
pyrolysis process. It was possible to obtain a yttria-stabilized zirconia crack-free film for 
the substrate temperature deposition above of 230°C. However, the films as deposited were 
amorphous and after the heat treatment it was obtained the cubic phase of yttria-stabilized 
zirconia. 
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