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ABSTRACT 
La0.6Sr0.4Co0.2Fe0.8O3- is considered as one of the most promising cathodes for Solid Oxide Fuels Cells (SOFCs) operating at intermediate temperatures, however, its performance degrades significantly over time mainly due to phase segregations on the surface. In this work, the surface of La0.6Sr0.4Co0.2Fe0.8O3--Ce0.8Gd0.2O1.9 (LSCF-CGO) nanostructured cathode is coated with CGO particles via a simple and economic spray-pyrolysis deposition process. The electrode polarization resistance (Rp) and the microstructure evolution of the uncoated and CGO-coated cathodes are investigated by impedance spectroscopy and scanning electron microscopy, respectively. The CGO-coated cathodes exhibit improved performance and stability at intermediate temperatures, with Rp values ranging from 0.27 to 0.30 cm2 after annealing at 600 ºC for 400 h. On the contrary, the uncoated cathode shows a faster degradation rate, with a continuous increase of Rp from 2.8 to 8.5 cm2. Above 800 ºC, the particle coarsening of the CGO layer results in a significant increase of Rp over time, reaching steady values of 0.04 m2 at 800 ºC. An anode-supported cell with the CGO-coated cathode shows a remarkable power density of 0.72 Wcm-2 at 650 ºC in comparison to 0.56 Wcm-2 for the cell with uncoated cathode.
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1. Introduction
The lowering of the operating temperature of Solid Oxide Fuel Cells (SOFCs) is crucial to reduce the costs and improve the durability of these devices [1,2]. In this regard, the cathode polarization resistance is considered as one of the main limiting factors for the cell performance at reduced temperature [3-6].  
New cathode materials with improved electrochemical properties for oxygen reduction reactions (ORR) have been investigated in last few years, including, for example,  Ba0.5Sr0.5Co0.8Fe0.2O3- and GdBaCo2O5+, which exhibit high performance at as low temperatures as 600 ºC [7,8]. However, these materials have several drawbacks, such as chemical instability after long-term operation, reactivity with the electrolyte and high thermal expansion coefficients [9-11]. For these reasons, the traditional cathodes, La1-xSrxMnO3- (LSM) and La1-xSrxCo1-yFeyO3- (LSCF), are still considered among the most adequate for practical applications in SOFCs [12].
LSM exhibits low ionic conductivity, which limits its application at reduced temperatures due to the low kinetics of the ORR. In contrast, LSCF-based cathodes exhibit higher mixed ionic-electronic conductivity and oxygen surface exchange coefficients, suitable for applications at low temperatures. Nevertheless, the long‐term stability of these materials is a major concern for the practical commercialization [13-17]. Different degradation mechanisms have been proposed for LSCF and related materials, including reactivity between LSCF and yttria-stabilized zirconia (YSZ) electrolyte with the formation of insulating phases such as SrZrO3; coarsening of the microstructure; and enrichment of Sr-species on the cathode surface, i.e. SrO and SrCO3 at high and low temperatures, respectively. 
Since the electrochemical properties of LSCF are intimately related to the surface composition, the formation of an insulating layer of SrCO3 reduces the actives sites for ORR and consequently the cathode performance decreases. Several authors have reported that the long-term stability of LSCF could be enhanced by surface modification. For example, Lynch et al. reported that LSM coating layer on LSCF surface, formed by classical infiltration method, improves the cathode performance and durability [17,18]. Gong et al. also reported that the performance of a LSCF-CGO composite cathode is retained by the coating of nanoscaled ZrO2, deposited by an atomic layer deposition process [19]. 
The coating processes previously used to protect the LSCF surface are, in general, adequate for small cells at lab-scale because they require multiple preparation steps; however, simple and low-cost methods are needed for applications at industrial scale [20-22]. In this sense, spray-pyrolysis is a cost-effective process to obtain films in a single deposition step, which is also easily scalable for large area SOFCs [23-25]. 
Recently, spray-pyrolysis deposition has been used as an alternative to the classical infiltration to uniformly coat a porous electrolyte scaffolds with active nanocatalyst particles [26,27]. This new approach leads to high efficiency cathode materials in a single deposition and thermal process, reducing fabrication costs and time. 
In this study, the surface of LSCF-CGO composite cathode is covered with CGO particles by spray-pyrolysis deposition technique. The electrochemical properties of the uncoated and coated electrodes are investigated by impedance spectroscopy in symmetric cells after long term annealing at different temperatures; and under real fuel cell conditions in anode-supported SOFCs. 

2. Experimental
2.1. Materials preparation.
Ce0.8Gd0.2O1.9 (CGO, Rhodia) was used in this study as electrolyte because of its lower chemical reactivity with LSCF in comparison to YSZ electrolyte [28]. The CGO powders were uniaxial pressed into discs of 13 and 1 mm of diameter and thickness, respectively, followed by sintering at 1400 ºC for 5 h in order to obtain nearly full dense ceramic pellets. 
Nanocrystalline La0.6Sr0.4Co0.2Fe0.8O3- (LSCF) powders were synthesized via a freeze-drying precursor method, following a procedure similar to that previously described for related materials [29,30]. The LSCF single-phase was obtained after heating the precursor powders at 800 ºC for 1 h. A composite cathode, 75 wt.% LSCF and 25 wt.% CGO, was prepared by mixing the powders in a planetary ball-mill in ethanol medium. These powders were mixed with DecofluxTM (50 wt.%) to obtain a slurry, which was screen-printed symmetrically onto both faces of the CGO pellets and then sintered at 1000 ºC for 1 h. It has to be mentioned that a cathode-electrolyte composite was used to match the thermal expansion behavior of the materials and to minimize possible stresses and cracking between the material layers [31].
The porous LSCF-CGO cathodes were coated with CGO nanoparticles by using a homemade spray-pyrolysis system. An aqueous precursor solution of Ce0.8Gd0.2O1.9 with a concentration 0.025 mol/L was prepared from Ce(NO3)3·6H2O, Gd(NO3)3·6H2O (99% Aldrich) and citric acid (0.0125 mol/L) as chelating agent. This solution was pumped to a spray gun with a flow rate of 20 mL/h and atomized with the help of air as carrier gas at a pressure of about 2 atm. The solutions were sprayed onto the porous LSCF-CGO scaffolds at a deposition temperature of 200 ºC. The nozzle-substrate distance was fixed at 20 cm and the deposition time was varied between 15 and 60 min. It should be commented that the deposition temperature was low enough to allow uniform infiltration of the melting precursors inside the whole thickness of the electrode surface. Moreover, the low solution flow rate and small size of the precursor drops ensure a homogeneous coating over large areas. After the spray pyrolysis deposition, the samples were heated in a furnace at 800 ºC for 1 h to achieve crystallization of the CGO-coating.



2.2. Materials characterization. 
The materials were analyzed by X-ray powder diffraction (XRD) with a PANalytical X´Pert Pro diffractometer and CuK1,2 radiation. The phase analysis and identification were performed using the X´Pert HighScore Plus software [32].
The morphology of the electrodes was observed by Field Emission SEM (FEI, Helios Nanolab 650) and TEM (FEI, Talos F200X).
A frequency response analyzer (Solartron 1260) was used to determine the polarization resistance of the cathodes in symmetrical cells. The impedance spectra were acquired in the 0.01-106 Hz frequency range with an AC amplitude of 25 mV. Pt ink and meshes were used as current collectors. The measurements were first performed on cooling in the 800-300 ºC temperature range and then at isothermal temperatures of 600 and 800 ºC for 400 h under static air conditions and open circuit voltage. The data were analyzed by equivalent circuit models by using ZView software [33].
 
2.3. Single-cell tests
	Anode supported cells with NiO-CGO anode, CGO electrolyte (20 m of thickness), and LSCF-CGO cathode without and with CGO-coating, were fabricated. 60 wt.% NiO – 40 wt.% CGO composite anodes were prepared by mixing the CGO powders with an aqueous nickel nitrate solution, which was continuously stirred and heated at 50 ºC until complete evaporation of the solvent. The resulting mixture was calcined at 800 ºC to decompose the nickel nitrate into NiO. The NiO-CGO powders were mixed with 15 vol.% of glassy carbon pore formers (diameter 5 µm) and then pressed into pellets of 15 and 1 mm of diameter and thickness, respectively. These pellets were sintered at 1000 ºC for 1h. After that, the CGO electrolyte was screen-printed onto the porous anode and sintered at 1400 ºC for 4 h in order to obtain an anode supported half-cell. Then, the LSCF-CGO cathode was fixed at 1000 ºC for 1 h. Finally, the CGO-coating was deposited by spray-pyrolysis at 200 ºC for 1 h. The single cells were sealed onto an alumina tube with a ceramic-based sealant (Ceramabond 668, Aremco) and heated slowly to 650 ºC. The cathode was exposed to static air while the anode was fueled with humidified H2 (3 vol% H2O) and the open circuit voltage (OCV) was continuously monitored to ensure that equilibrium is reached. The current-voltage curves and impedance spectra of the single cells were measured by using a VSP multichannel potentiostat/galvanostat/FRA (Bio-Logic) at operating temperatures in the range of 450-650 °C. Reproducible results were obtained for two different cells and cathode compositions. After the electrochemical tests, the cells were analyzed by SEM. 

3. Results and Discussion
3.1. Phase composition


	The uncoated and CGO-coated cathodes were annealed at 800 ºC for 400 h in order to evaluate their phase stability after prolonged annealing times (Fig. 1). The corresponding XRD patterns do not reveal the presence of any additional diffraction peaks attributed to secondary phases or reaction products. The XRD patterns were analyzed by the Rietveld method in the space groups  for CGO and  for LSCF [34]. 
The cell parameters for uncoated and CGO-coated electrodes are listed in Table S1 and they are similar to the as-prepared material within the experimental error of the technique. This indicates that the bulk composition of the materials is not significantly altered after prolonged annealing at high temperatures. However, previous XPS studies revealed the presence of Sr-enriched phases, SrO/Sr(OH)2, on the electrode surface, which were found responsible of the loss of performance of LSCF electrodes [35,36]. 
The most remarkable differences in the XRD patterns before and after the annealing treatment are observed for the CGO-coated samples. In particular, the intensity of the diffraction peaks assigned to the CGO coating increases, which is explained by the crystal size growth during the annealing treatment. The average crystallite size for the as-prepared samples, determined by the Scherrer´s equation, is about 60 and 20 nm for LSCF and CGO-coating, respectively. After the annealing treatment at 800 ºC the grain size for LSCF remains practically unchanged while it increases up to 40 nm for the CGO-coating. 

3.2. Cathode Microstructure 
The morphology of the LSCF-CGO cathode without and with CGO-coating is studied as a function of the spray deposition time and post-annealing treatment.  
Firstly, the influence of the deposition time on the microstructure of the CGO-coating was evaluated. The as-prepared LSCF-CGO cathode has a thickness of about 15 m and porosity above 50% (Fig. 2a). SEM micrographs at higher magnification reveal that the electrode is well sintered and formed by submicrometric particles of 100-250 nm of diameter (Fig 2c). After the CGO deposition the electrode porosity is retained in the whole electrode thickness, ensuring effective gas transport through the cathode (Fig. 2b). In addition, a CGO layer of fine particles uniformly covers the surface of LSCF-CGO scaffold (Fig. 2d). The average particle size of CGO is around 30 nm after calcining at 800 ºC for 1h. TEM image also shows a strong adherence between the LSCF and CGO particles (Fig. 2e). Moreover, the CGO-coating layer is porous and has a thickness between 40 and 100 nm, providing extended TPB sites for the oxygen reduction reactions. On the other hand, cathodes coated by spray-pyrolysis for only 15 min shows a thinner CGO layer but lower thermal stability as discussed next (Fig. S1a). Thus, the microstructure and consequently the properties of the CGO-coating might be tailored by varying the deposition time.
The annealing temperature has significant effects on the microstructure of the CGO-coating layer. Figure 3a and 3b display the SEM image of the coated cathodes near the electrolyte/electrode interface after annealing for 400 h at 600 and 800 ºC, respectively. The sample annealed at 600 ºC does not show significant microstructural changes or evidence of reactivity with the electrolyte (Fig. 3a). In addition, the continuous layer of CGO particles is retained. On the contrary, the same sample annealed at 800 ºC shows a substantial coarsening of the CGO particles, which eventually leads to partially uncoated regions (Fig. 3b). The average grain size, in this case, increases to 50 nm, compared to 30 nm for the same sample annealed at 600 ºC. The particle coarsening at 800 ºC is still more severe for samples with thin CGO-coating (15 min of deposition), resulting in large uncoated areas with the presence of isolated CGO particles after the annealing treatment (supplementary material Fig. S1b).
	Figures 3c, corresponding to the electrode surface, clearly shows that the CGO-coating covers completely the electrode after annealing at 600 ºC. Moreover, there is not preferential deposition of the CGO particles on the electrode surface due to the low deposition temperature and low flow rate that allows the infiltration of the precursors inside the backbone. Nevertheless, the samples annealed at 800 ºC show small uncoated regions on the surface (Fig. 3d), which are directly exposed to air atmosphere and hence susceptible to carbonation. These results indicate that the protective CGO-coating, prepared by spray-pyrolysis deposition, is more effective at temperatures below 800 ºC, where the coarsening effects on the microstructure are negligible.


3.3. Polarization resistance in symmetrical cells
	 The stability and electrochemical properties of the electrodes in symmetrical cells are investigated by impedance spectroscopy after long term annealing experiments. Fig. 4 displays the evolution of the impedance spectra over time for uncoated and coated samples at two different annealing temperatures, 600 and 800 ºC during 400 h. This figure shows that the overall electrode polarization resistance, determined from the diameters of the semicircles at low frequencies, is lower for the coated samples. More importantly, the coated samples exhibit lower degradation rate over time, and especially at low temperature. 
Figure 5 compares the temperature dependence of overall polarization resistance, Rp, for LSCF-CGO samples. Note that these measurements correspond to the as-prepared samples, without any previous annealing treatment. As can be observed, the CGO-coated cathodes exhibit lower polarization resistance compared to the uncoated one. In addition, the sample coated for 1 h shows the lowest Rp values. For instance, Rp take values of about 0.8, 0.2 and 0.1 cm2 for the uncoated and coated LSCF-CGO cathodes for 15 min and 1 h, respectively, at 650 ºC. Thus, the polarization resistance is reduced by a factor of 8 times after the CGO-coating. The significant decrease of the electrode polarization resistance is mainly attributed to the increase of LSCF/CGO interfaces with the consequent increase of TPB sites for the oxygen reduction reactions [13,37]. The activation energies for the electrode polarization resistance also decrease after the CGO-coating from 1.47 to 1.27 eV.  These values are similar to those previously reported for LSCF-CGO composite cathodes [38,39]. Fig. 5 also compares the Rp data for CGO-coated LSCF, prepared by the classical infiltration process, and they are higher than those obtained in the present work [40]. 
In order to obtain further insights on the different processes involved in the electrode polarization, the impedance spectra were analyzed by equivalent circuit models. The spectra show similar features for both uncoated and coated samples and apparently two different contributions to the overall polarization resistance, which are modeled by two serial (RQ) elements, where R is a resistance in parallel with a constant phase element Q. A serial resistance (Rs) and an inductance (L) are also included to take into consideration the ohmic losses of the samples and parasitic inductance effects from the setup, respectively (inset Fig. 4d). The two different contributions to the overall polarization resistance at high and low frequency are hereafter denoted as HF and LF, respectively.
The relaxation frequencies, HF and LF, take similar values for the uncoated and coated cathodes, suggesting that the processes involved in the oxygen reduction reactions are similar (Fig. 6a). The HF contribution appears between 30 and 1 kHz in the temperature range 500-750ºC and has capacitances of about 0.5 and 5 mFcm-2 for the uncoated and coated cathode, respectively, which is consistent with a charge transfer process [41,42]. The LF contribution is observed at relaxation frequencies between 3 and 100 Hz and the values of capacitance are somewhat larger than those of HF, about 1 and 10 mFcm-2 for the uncoated and coated samples, respectively and this is assigned to the dissociation adsorption of oxygen molecules in accordance to previous studies [40,43]. Note also that the capacitances values for the coated samples are larger than the corresponding ones for the uncoated electrode, which is explained by the larger contact area between CGO and LSCF particles. A similar behavior has also been observed for different nanostructured electrodes [44,27]. 
The temperature dependence of the RLF and RHF resistance contributions are plotted in Fig. 6c. For both samples, RLF > RHF, indicating that oxygen dissociation adsorption process is the main rate limiting step to ORR. The activation energy of RLF is also higher than that of RHF, in accordance with the literature data, where the dissociate adsorption usually requires more energy to activate than electron transfer [19]. On the other hand, the activation energy for RHF is similar for both uncoated and coated electrodes, about 1.20 eV. The LF process for the coated cathode exhibits lower activation energy 1.16 eV than the uncoated one 1.45 eV, indicating that the oxygen dissociation in the cathode is easier as the TPB sites increases. 
The variation of the overall polarization resistance over time at isothermal annealing temperatures of 600 and 800 ºC are shown in Fig. 7a and 7b, respectively. The uncoated cathode shows an important increase of the Rp, even at low temperatures such as 600 ºC, varying continuously from 2.8 to 8.5 cm2 (Fig. 7a). The sample with CGO-coating for 15 min, despite exhibiting improved initial performance, shows degradation rate similar to the uncoated sample. This might be explained by the low stability of the thin CGO-coating layer, as discussed above. In contrast, samples coated for 1 h show a slight increase of the polarization resistance during the first hours, and followed by nearly stable values of 0.3 cm2. Since the bulk composition and morphology of the electrodes are little altered at this temperature, the loss of performance for the uncoated cathode is mainly attributed to changes in the surface composition, such as Sr-enrichment segregation, as previously reported [35,36].
The degradation rate for the uncoated cathode is faster at 800 ºC, varying from a starting value of 0.042 cm2 to a final one of 0.12 cm2. Note that a similar behavior was observed for commercial LSFC-CGO samples in a related work [19]. The CGO-coated cathode also shows initially a higher degradation, which is mainly associated with morphological changes of the CGO-layer, i.e. particle coarsening [45]. After that, the polarization resistance increases more slowly with a final value of 0.08 cm2.  This value of Rp is significantly higher than that obtained for the fresh sample, 0.026 cm2, at the same measured temperature, indicating that the CGO-coating is more effective at reduced temperatures, where the microstructure remains stable. 
The variation of RLF and RHF contributions over time are given as supplementary material in Fig. S2. For the uncoated sample the RLF contribution, associated with oxygen dissociation, is the most resistive contribution and also shows a larger variation over time at both high and low temperatures. This result is consistent with previous studies, where the deactivation of oxygen dissociative adsorption was associated with superficial Sr-enrichment on the electrode surface [44]. 
The coated sample shows stable RLF and RHF values for times longer than 50 h at 600 ºC (Fig. S2a), but both contributions increase over time at 800 ºC. It is also worth mentioning that the serial resistances of the cells are practically constant for both symmetric cells and annealing temperatures, indicating the absence of any undesired reaction between the electrolyte and the electrodes (supplementary material Fig. S3).

3.4. Fuel cell performance
Fig. 8 shows the current-voltage and power density curves for LSCF/CGO/NiO-CGO anode-supported cell with uncoated and CGO-coated cathodes. The open circuit voltage (OCV) in the temperature range 450-650 ºC decreases with increasing temperature from 1.0 to 0.83 V, which is lower than the Nernst potential ~1.1 V. This is mainly attributed to the mixed ionic-electronic conductivity of the CGO electrolyte under reducing atmospheres, which leads to a current leakage through the electrolyte with the consequent decrease of the OCV. It should be noted that the OCV values obtained in this work are comparable with previous experimental data [46]. 
The cell with uncoated cathode generates maximum power densities of 560, 390 and 100 mW cm-2 at 650, 600 and 500 ºC, respectively. In comparison, the cell with CGO-coated cathode achieves higher maximum power densities of 720, 500 and 150 mW cm-2 at 650, 600 and 500 ºC, respectively under the same operating conditions. According to these results, the cell with CGO-coated cathode exhibits a performance improvement of about 30%. Since the anode-supported cells were fabricated in the same batch to minimize performance variations, the power density performance of the second cell is attributed to the improved CGO-coated cathode. 
Fig. 9 shows the impedance spectra of the single cells in the temperature range of 450-650 ºC. The ohmic resistance Rs decreases from 0.65 to 0.11 cm2 as the temperature increases. These resistance values are comparable to those reported for the blank electrolyte, suggesting that the ohmic losses of the cells are mainly attributed to the electrolyte resistance. Moreover, the serial resistance for both cells are similar, e.g. 0.19 and 0.21 cm2 at 600 ºC for the cells without and with CGO-coated cathode, respectively. Hence, the differences between the power density of both cells are attributed to the polarization resistance with values of 0.27 and 0.17 cm2 at 600 ºC for the cells with uncoated and coated cathodes, respectively. These results further confirm that the different power densities between the cells are attributed to the better performance of CGO-coated cathode. It should also be highlighted that the values of cathode polarization resistance, measured in symmetrical cells and open circuit voltage in the previous section, are significantly larger than those obtained under fuel cells conditions due to the current polarization and electronic current leakage though the electrolyte. 
Finally, the stability of the cells was studied for 2 days at 700 ºC and no performance loss was observed during this short time. After that the microstructure of the cell was observed by SEM (Fig. S4). Both cathode and anode present adequate porosity without any evidence of degradation or delaminations. 
In summary, spray-pyrolysis deposition is a simple, efficient and easily scalable method for the preparation of CGO-coating layers over large electrode area in only one deposition and thermal step. The CGO-coating improves both the cathode performance and stability and could also be used with a wide variety of electrodes containing alkaline earth elements, which are susceptible to surface phase segregation and carbonation. This CGO-coating layer could also serve as a barrier layer to enhance the resistance of the cathodes to chromium poisoning from the interconnector material [47,48]; in addition to increase the stability of the anode materials against carbon deposition and sulphur poisoning when hydrocarbon fuels are used.   

CONCLUSIONS 
A spray pyrolysis deposition method has been successfully used to prepare CGO-coating layers on LSCF-CGO scaffolds. 
The bulk composition and microstructure of the uncoated electrodes resulted to be stable at high annealing temperatures so that the loss of performance was associated with surface phase segregations. 
Impedance analysis showed a very significant improvement of the area specific resistance values for the CGO-coated cathodes with respect to the uncoated one due to an increase of the TPB sites for the oxygen reduction reactions. Moreover, the coated cathodes showed a lower performance degradation due to the protective CGO barrier, which partially suppress the surface phase segregation. At higher temperatures, 800 ºC, the CGO particle coarsening resulted in a significant increase of the polarization resistance over time. Oxygen dissociation was the main limiting step for the oxygen reduction reactions and this increased most rapidly over the annealing time. 
Finally, fuel cell tests with CGO-coated cathodes showed improved power density values about 0.72 Wcm-2 when compared to uncoated cathode 0.56 Wcm-2 at 650 ºC.
The results indicate that spray-pyrolysis is a simple, low cost and scalable method to industrial level for obtaining protective CGO-coating layers, which could be potentially used to improve the performance and stability of different cathode and anode materials for SOFCs. 
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Figure captions

Fig. 1. XRD patterns for uncoated and CGO-coated cathodes before and after annealing at 800 ºC for 400 h.

Fig. 2. SEM micrographs of the cross-section of the LSCF-CGO cathodes (a) without and (b) with CGO-coating. Details of the electrode surface (c) before and (d) after the CGO deposition. (e) TEM image showing the porous CGO coating. These samples were treated at 800 ºC for 1h. 

Fig. 3. SEM image of the cross-section of the CGO-coated cathodes annealed at 600 and 800 ºC for 400 h (a) and (b) near the electrolyte interface; (c) and (d) electrode surface.

Fig. 4. Evolution of the impedance spectra for (a)-(b) uncoated; and (c)-(d) CGO-coated cathodes at isothermal temperatures of 600 and 800 ºC respectively. The solid curves correspond to the fit of the data to the equivalent circuit of inset (d). The measurements were acquired at open circuit voltage.

Fig. 5. Temperature dependence of the overall polarization resistance for the as-prepared uncoated and CGO-coated cathodes for 15 and 60 min. The data previously reported for CGO-infiltrated LSCF cathode are also included for comparison purpose [38].

Fig. 6. Temperature dependence of the (a) Relaxation frequency, (b) capacitance; and (c) resistance values for the high (HF) and low (LF) frequency contributions to the electrode polarization. The data corresponds to as-prepared electrodes without and with CGO-coating.

Fig. 7. Temporal evolution of the electrode polarization resistance for the uncoated and CGO-coated cathode at (a) 600 and (b) 800 ºC. The data for a commercial LSCF-CGO, extracted from [19] are also included in (b).

Fig. 8. Current-voltage and power density curves of LSCF/CGO/NiO-CGO cells with (a) uncoated and (b) CGO-coated cathodes.

Fig. 9. Impedance spectra of the LSCF/CGO/NiO-CGO cells with (a) uncoated and (b) CGO-coated cathodes.
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