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ABSTRACT 
 
 The use of thin films in SOFC and IT-SOFC can improve their performance 

and lower their costs. In these devices, the cathode/electrolyte interface has direct 

influence in their global efficiency. The use of cheap methods, such as dip coating, 

calls attention for its versatility, simplicity and wide use in advanced ceramics. In this 

sense, two aqueous LSM dispersions were prepared to be deposited by dip coating 

in dense YSZ substrates. The PVP to LSM ratio added to the dispersions modified 

their viscosity and the substrates, after dipped, were withdrawal with different 

speeds. The use of constant withdrawal speeds formed more discontinuous films, 

although they were also discontinuous when growing withdrawal speeds were used. 

A thicker film was obtained using the more viscous dispersion and the higher 

withdrawal speeds. The dispersions’ viscosity reflected in the aggregates 

microstructure and the LSM/YSZ diffusion interfaces for most of the samples were 

around 5 μm long. 
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INTRODUCTION 
 
 The development of thin lanthanum strontium manganite (LSM) films using 

inexpensive techniques is an important step in order to apply this material in solid 

oxide fuel cells (SOFC) cathodes and intermediate temperature solid oxide fuel cells 

(IT-SOFC) composite cathodes, because many advantages outcome from the use of 

thin films devices, including lower costs and smaller ohmic losses, improving the 

cells’ performance and profitability(1,2,3). The A-site doping of lanthanum manganites 

perovskite structure with Sr2+ ions is rather chosen in low amounts, improving the 
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powder sinterability and enhancing the thermal stability against 8% yttria-stabilized 

zirconia (YSZ), which is commonly used as electrolyte(4,5). 

 An intimate contact between the porous LSM film and the YSZ electrolyte 

must occur to increase the triple phase boundaries (TPB) active sites, where the 

oxygen molecule is simultaneously in contact with the cathode and the electrolyte 

and the reduced oxygen can be easily transported to the anode, recombining with the 

H+ ions. Amongst with the rise of TPB sites a well-controlled microstructure, which 

favors the gas flow through the cathode, can improve the SOFC performance, given 

that the cathode performance limits the overall efficiency(6,7,8). Since 90% of all 

electrochemical reactions occur at less than 10 µm from the electrode/electrolyte 

interface, according to numerical modeling results, there is no need for the electrodes 

thickness to be greater than this(9). 

 The dip coating technique is widely used in the processing of advanced 

ceramics and is an interesting method for the study of SOFC and IT-SOFC 

cathode/electrolyte interfaces, once it allows the fabrication of a symmetrical cell in 

one step process, besides dip coating is also employed in the processing of actual 

fuel cell components(10,11,12,13,14). In this work, a preliminary study was carried out 

using dense YSZ substrates dipped in aqueous LSM dispersions attempting to the 

influence of the withdrawal speed and the dispersion apparent viscosity in the final 

microstructure and thickness of the sintered films and to the atomic diffusion through 

the LSM/YSZ interface. 

 
MATERIALS AND METHODS 
 
 For the fabrication of the dense substrates a commercial grade of YSZ powder 

(Sigma-Aldrich) was ball milled in ethanol with the addition of 3% of polivinylbutyral 

(PVB) to act as binder. The dry powder was uniaxially compacted at 175 MPa, after 

an 85 MPa pre-load, in 12 mm diameter discs. The green YSZ bodies were sintered 

at 1450ºC for 90 min and a politetrafluoroethylene (PTFE) tape was used to mask the 

samples sides allowing the deposition only in the disc faces. Simple measurements 

of mass and volume of the sintered bodies were used to determine the substrates 

densification and a CETR PRO500 3D profilometer was used to analyze the surface 

roughness within an area of 62500 µm². The roughness values were expressed as 

arithmetic average of the absolute values of deviation from the base line (Ra), the 

roughness quadratic average (Rms) and the peak to peak maximum distance (Ry). 

56º Congresso Brasileiro de Cerâmica
1º Congresso Latino-Americano de Cerâmica

IX Brazilian Symposium on Glass and Related Materials
03 a 06 de junho de 2012, Curitiba, PR, Brasil

1684



 The LSM dispersions were prepared using a combustion obtained 

La0.9Sr0.1MnO3 powder, with specific surface area of 45.0 m²/g and two dispersions 

were prepared according to the recipe in Table 1. The powder was dispersed in 

distilled water in an ultrasonic bath and polivinylpirrolidone (PVP) was dissolved in 

the dispersions to modify their viscosity. The dispersions’ apparent viscosity was 

determined by a Brookfield DV-II apparatus with a CP-40 plate rotating at 100 rpm 

and at the temperature of 25ºC. 

 

Table 1: PVP and water ratios used in the preparation of the dispersions. 

Dispersion 
PVP to LSM 
mass ratio 

H2O to LSM 
ml to g ratio 

D1 0.5 : 1 6.5 : 1 

D2 1 : 1 6.5 : 1 

  

 A total of nine YSZ substrates were used, being six dipped in the dispersion 

D1 and the other three dipped in the dispersion D2. Table 2 illustrates the amount of 

baths and the withdrawal speeds used for each substrate and all films were sintered 

at 1200ºC for 60 minutes, remaining 90 minutes at 750ºC during the heating and plus 

90 minutes at the same temperature during the cooling. 

 

Table 2: Dip coating parameters used in each substrate and samples names. 

Sample Dispersion used Withdrawal speed (mm/min) 

D1-5 D1 5 / 5 / 5 

D1-10 D1 10 / 10 / 10 

D1-25 D1 25 / 25 / 25 

D2-5 D2 5 / 5 / 5 

D2-10 D2 10 / 10 / 10 

D2-25 D2 25 / 25 / 25 

D1-A D1 5 / 10 / 25 / 50 

D1-B D1 5 / 5 / 10 / 10 / 25 / 25 / 50 / 50 

D1-C D1 10 / 25 / 50 / 100 

 

 After sintering the films were observed in a scanning electron microscopy 

(SEM) and most of them were analyzed by energy dispersion spectrometer (EDS) 
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probe using a point by point quantitative analysis in order to evaluate the LSM/YSZ 

interface. 

 
RESULTS AND DISCUSSION 
 
 The YSZ substrates reached a densification of 97.6% (± 1.6%). The 3D 

surface profile of the YSZ substrates generated in the profilometer is shown in Figure 

1 and Table 3 contains the results of the roughness parameters. As seen, the 

substrates were as rough as 0.25 µm. 

 

 

Figure 1: Surface 3D profile of an YSZ substrate. 

 

Table 3: Profilometer roughness results. 

Sample Ra (µm) Rms (µm) Ry (µm) 

YSZ substrate 0.248 0.313 3.056 

 

 The apparent viscosity of the prepared dispersions are in Table 4. When the 

amount of PVP in the dispersion doubled, as in the dispersion D1 to dispersion D2, a 

significant increase in the apparent viscosity could be verified. 
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Table 4: Dispersions apparent viscosity. 

Sample Apparent viscosity (mPa.s) 

D1 20.1 

D2 88.4 

 

 After sintering the films a dark layer was formed on both faces of the 

substrates, which had its side preserved by the PTFE mask. Figure 2 shows two YSZ 

substrates, in the left: before dipping; and in the right after dipping and sintering the 

LSM film. 

 

 

Figure 2: YSZ substrates before and after the dip coating. 

 

 The SEM micrographs of the films obtained with both dispersions and with 

baths with same withdrawal speed are shown in Figure 3, amongst with those 

obtained with growing withdrawal speed. From the samples with same withdrawal 

speed, it is observed that all films formed from the low viscosity dispersion (D1) were 

highly discontinuous. The use of high withdrawal speed and the more viscous 

dispersion in sample D2-25 promoted the obtaining a thin film with some continuity 

tough it also seemed to be very fragile. 

 

2,5 mm 
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Figure 3: SEM micrographs from the top of the LSM films. 

 Comparing the films obtained with same withdrawal speeds it is possible to 

distinguish the influence of the dispersion viscosity, where higher apparent viscosity 

resulted in larger aggregates while lower apparent viscosity tend to spread wider the 

powder forming small aggregates. 

 When the withdrawal speed varied in the same sample the films formed 

seemed to be more continuous over the substrate and they also appeared very 

dense in some areas. The procedure used in these samples could have put the LSM 

particles in a closer contact favoring the formation of continuous films and leading to 

a higher densification spots. 

 In the EDS results of samples dipped with same withdrawal speeds, in Figure 

4, it can be seen that the LSM/YSZ diffusion interface is a few micrometers long for 

sample D1-25 and in the sample D2-25 its size oddly raises to around 35 µm.  

 

D1-5 

D1-10 

D1-25 

D2-5 

D2-10 

D2-25 

D1-A 

D1-B 

D1-C 
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Figure 4: Cross section SEM micrographs and EDS results from samples with constant withdrawal 
speeds. 

 

These samples differs only by the amount of PVP in the dispersion and the 

film thickness, which was around 5 µm for sample D1-25 and almost 50 µm for 

sample D2-25, thus it is assumed that one of these parameters could have 

contributed for this interface size increment. 

 In Figure 5 are shown the SEM micrograph together with the EDS results for 

the samples dipped in dispersion D1 and withdrawal with growing speeds. 

D1-25 

D2-25 
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Figure 5: Cross section SEM micrographs and EDS results from samples with growing withdrawal 

speeds. 

 

 The films thickness did not seemed to be greatly influenced by the different 

withdrawal speeds and this could be related to powder removal during the 

submerged time between the consecutive baths. Also, the LSM/YSZ interface did not 

suffer the influence of the withdrawal speeds and was very close in size to that 

observed in sample D1-25. 

 

 

 

D1-A 

D1-B 

D1-C 
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CONCLUSIONS  
 
 The thin LSM films dip coated in the YSZ substrates formed a diffusion 

interface were atoms from LSM diffuse into a limited distance of the electrolyte and 

the YSZ atoms as well diffuse into the cathode. This interface, measured by EDS 

point by point scan, was around 5 μm for all samples except for the D2-25. In despite 

of this contact interface formed, most of the films were discontinuous. Those 

fabricated with growing withdrawal speeds also did not formed continuous films, 

although they appeared quite denser in the micrographs. 

 PVP did manage the dispersions’ viscosity and, even though the films were 

discontinuous, it reflected in the films microstructure. The less viscous dispersion D1 

tend spread the aggregates in the substrate surface which were, then, smaller than 

those formed with the more viscous dispersion D2. 
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