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1. Introduction

Yttria –stabilized zirconia (YSZ) has been accepted as
one of the most promising electrolyte materials due to its 
good chemical and physical properties like its thermal, 
chemical and mechanical stability in addition to its high ionic 
conductivity [1]. As the operating temperature of solid oxide 
fuel cells (SOFC) is decreasing, there is a tendency to imple-
ment a thinner electrolyte. 

Electrochemical impedance spectroscopy (EIS) is a com-
monly used experimental technique that can discriminate 
the contributions of different physical processes to the over-
all electrical impedance o the sample. Microelectrodes have 
multiple applications in electrochemistry and have been in-
creasingly used in the characterization of oxide ion conduct-
ing ceramics. 

We propose the control of the porosity of the electro-
lyte as a tool to increase the electrode-electrolyte to im-
prove ion access to the electrolyte, thus improving the SOFC 
performance. 

In this study, YSZ films (~100 nm) with and without po-
rogenous agent were deposited in amorphous silica sub-
strates. In order to differentiate the effect of the pore 
estructure we applied diferent thermal treatments to the 
samples. We characterized these films and perform across 
plane EIS measurements to study their oxide-ion conductiv-
ity 

2. Experimental

Dense and Mesoporous YSZ thin films were prepared fol-
lowing the SOL-GEL route. A solution of 92% Zirconium 
Propoxide (70% Propanol) and 8% Yttrium chloride was pre-
pared. In the case of the mesoporous thin films, the sol-gel 
route was used in combination with the evaporation-in-
duced self-assembly strategy. A templating agent, Pluronic 
F127, was added to an ethanolic solution, and then water 
was incorporated to promote hydrolysis of the precursors 
[2]. Samples were deposited by deep-coating on SiO2. An in-
itial treatment of 2 hours at 60°C + 2 hs 150°C + 2 hs 350°C 
was performed. The templating agent is used to produce the 
micelles that will become pores after the thermal treatment 
at 350°C. 

Samples were characterized by XRD (X-ray diffraction). X 
ray reflectometry (XRR) was used to determine the thickness 
of the electrolyte and the accessible porosity in water vapor. 

We performed scanning electron microscopy (SEM) to de-
termine the microstructure of the sample. 

We fabricated microelectrodes by evaporating 4 nm of 
Pt and photolithography. Fig 1 schematizes the geometry of 
the thin film electrochemical cell. 

Fig. 1. Schematics of electrochemical cell’s geometry for across-

plane EIS measurement. 

We performed EIS measurements to obtain their across-
plane conductivity. Impedance spectra were collected in air. 
Samples were measured using a GAMRY 750 impedance an-
alyser with a frequency range of 0.1 Hz-100 Khz at 450°C – 
650°C and a signal amplitude of 400mV. 

3. Results

3.1 Characterization 

The XRD pattern for YSZ samples is presented in figure 
2. We observe that an increase in treatment temperature
produces more intenseand narrower peaks, consistent with
an enhanced crystallization of the samples. The diffraction
patterns are consistent with the presence of both cubic and
tetragonal fluorite-type structure phases, which cannot be
distinguished due to the broadness of the peaks.

Fig. 2. XRD Spectra of samples with diferent maximumtreatent 

temperature: 350°C, 500°C, 650°C, and 800°C, for samples 

with and without F127. 
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XRR was used to determine the thickness of the YSZ 
films by fitting the data with the modified Bragg’s Law 
(equation (1)). 

(1) 𝒔𝒆𝒏𝟐(𝜭𝑴) = 𝒔𝒆𝒏𝟐(𝜭𝒄) +
𝝀𝟐

𝟒𝒅𝟐
(𝑴 + 𝜟𝑴)𝟐 

We present the results in figure 3a. Accesible porosity 
to water vapour was obtained from the critical angles of the 
XRR measurements performed in high and low humidity at-
mospheres [3]. The results are shown in figure 3b. 

Fig. 3. (a) Film thickness of samples as a function of treatment tem-

perature and (b) film’s accessible porososity to vapour as a 

function of treatment temperature. 

The results show that an increase in thermal treatment 
temperature produces a reduction in the thickness of the 
film for mesoporous samples. On the other hand, for the 
dense samples we can see a decrease in thickness for treat-
ment temperatures below 650°C and an increase for the 
sample trated at 800°C. 

3.2 EIS 

In figure 4 we present the results of EIS measurements 
for the dense and mesoporous samples with the maximum 
temperature treatments of 350°C and 800°C. It shows that 
the EIS spectrum is characterized by one dominant process 
in the whole temperature and frequency range, as we see a 
single semicircle at each temperature, which can be mod-
elled as a single parallel RC circuit. 

Fig. 4. EIS spectra of dense and porous samples with temperature 

treatments of 350°C and 800°C. 

We obtained the resistive part of the spectra as the dif-
ference between the low and high frequency intercepters 
with the real axis, to obtain the conductivity. In figure 5(a) 
we present the conductivity in an Arrhenius Plot and its re-
spective Activation Energy from the model, fitting using 
(equation (2)).  

(2)  𝑳𝒏(𝝈) =  𝑳𝒏(𝑨) −
𝑬𝒂

𝑲𝒃
(

𝟏

𝑻
). 

Fig. 5. (a) Arrehnius plot of conductivity vs Temperature and (b) 

activation energy of the diferent curves determined using 

ec (2). 

 The data separates the samples conductivity by treat-
ment temperature. In figure 5(b) we can see activation en-
ergies approximately between 0.9 eV.and 1.0 eV. That is 
consistent with what is observed [4]. The porous samples 
present a lower value than the dense samples. This could be 
attributed to the increment in the area of the grain bounda-
ries, and based on the almost semicircle shape of the EIS 
spectra it’s the type of conduction that is dominant. 

Long term EIS measurement produced in the long term 
color changes in the Pt electrodes. We observe diferent be-
haviours in dense and porous samples. 

4. Conclusions

The porous samples lose a considerable amount of ac-
cessible porosity at treatment temperatures > 650°C. In the 
other hand, dense samples increase porosity and thickness 
at 800°C. Both results suggest that it is necessary to develop 
strategies to preserve the mesostructure at the operative 
temperatures of the SOFC (approx. 700°C). 

The EIS measurements suggest a single conducting pro-
cess. This is consistent with what was previously reported in 
nanoceramics, where the grain boundary conduction domi-
nates. Here the porous structure increment the relative frac-
tion of the grainboundaries compared to a microestructured 
ceramic.  
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