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This paper describes and discusses the application of the original sintering process named cold sintering to the electrolyte material BaCe 0.8 Zr 0.1 Y 0.1 O 3-δ to enhance its densification at a temperature below that needed in a conventional sintering. This new technique enables the acceleration of the densification resulting in a more compacted microstructure with an unexpected high relative density of 83 % at only 180 °C. A subsequent annealing at 1200 °C further enhances the densification which reaches 94 %. The electrochemical performance of CSP sintered ceramics was investigated and optimized by varying different process parameters. The comparison with the conventional sintered material reveals an increase of the total conductivity by mostly increasing the grain boundary one. This result emphasizes the benefits of CSP to not only reduce the sintering temperature but also to enhance the electrochemical properties.

Introduction

BCZY type proton conducting electrolyte such as BaCe 0.8 Zr 0.1 Y 0.1 O 3-δ -3 has gained a great attention as one of the most promising candidate for intermediate temperature solid oxide fuel cells, due to the combination of a high bulk conductivity associated to a chemical stability [START_REF] Thabet | Influence of the autocombustion synthesis conditions and the calcination temperature on the microstructure and electrochemical properties of BaCe0.8Zr0.1Y0.1O3-δ electrolyte material[END_REF]. However, some of challenges to manufacture a dense BCZY ceramic are the high sintering temperature typically 1500 to -1600 °C [START_REF] Iguchi | The influence of grain structures on the electrical conductivity of a BaZr0.95Y0.05O3 proton conductor[END_REF][START_REF] Bohn | Electrical Conductivity of the High-Temperature Proton Conductor BaZr0.9Y0.1O2.95Electrical conductivity of the high-temperature proton conductor BaZr0.9Y0.1O2.95[END_REF][START_REF] Guo | Zirconium doping effect on the performance of protonconducting BaZryCe0.8-yY0.2O3-δ (0.0≤y≤0.8) for fuel cell applications[END_REF][START_REF] Guo | Effect of Ba nonstoichiometry on the phase structure, sintering, electrical conductivity and phase stability of Ba1±xCe0.4Zr0.4Y0.2O3-δ (0≤x≤0.20) proton conductors[END_REF][START_REF] Reddy | A novel route to enhance the sinterability and its effect on microstructure, conductivity and chemical stability of BaCe0.4Zr0.4Y0.2O3-δ proton conductors[END_REF], and the long processing duration in conventional method which can damage the material and cause barium evaporation resulting in a decrease of electrochemical properties [ 7 , 8 ]. Numerous studies have been carried out to improve K. Thabet 
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the sinterability of BCZY electrolyte material by varying its composition. Results have shown that BCZY performance is strongly dependent on Zr/Ce ratio, and a formula of BaCe 0.8 Zr 0.1 Y 0.1 O 3-δ can be a good compromise with a sintering temperature of 1400 °C and a high conductivity level in dry air above 10 -2 S. cm- -2

S. cm -1 at 700 °C, for a sample of 92 % relative density [START_REF] Thabet | Influence of the autocombustion synthesis conditions and the calcination temperature on the microstructure and electrochemical properties of BaCe0.8Zr0.1Y0.1O3-δ electrolyte material[END_REF]. In the same context, researches have shown that introducing sintering aids such as ZnO, NiO, CuO, or Al 2 O 3 [START_REF] Park | Enhanced proton conductivity of yttrium-doped barium zirconate with sinterability in protonic ceramic fuel cells[END_REF][START_REF] Babilo | Enhanced Sintering of Yttrium-Doped Barium Zirconate by Addition of ZnOJournal of the American Ceramic Societysintering of yttrium-doped barium zirconate by addition of ZnOEnhanced sintering of yttrium-doped barium zirconate by addition of ZnO[END_REF][START_REF] Tao | Conductivity studies of dense yttrium-doped BaZrO3 sintered at 1325°C[END_REF][START_REF] Costa | On the use of NiO as sintering additive for BaCe0,9Y0,1O3-α[END_REF][START_REF] Sun | Electrochemical Properties and Intermediate-Temperature Fuel Cell Performance of Dense Yttrium-Doped Barium Zirconate with Calcium AdditionJournal of the American Ceramic Societyproperties and intermediate-temperature fuel cell performance of dense yttrium-doped barium zirconate with calcium additionElectrochemical properties and intermediate-temperature fuel cell performance of dense yttrium-doped barium zirconate with calcium addition[END_REF], can often decrease the sintering temperature without lowering the electrochemical properties. Always with the aim of saving energy, many innovative processes, assisted by modern techniques such as spark plasma sintering (SPS) or Flash sintering have been developed and successfully demonstrated to be effective in accelerating the diffusion process and increasing the driving force for densification. However, temperature required to obtain a dense ceramic with standard densification processes is generally higher than 1100 °C. More recently, a novel sintering process inspired from hydrothermal method has been developed in Randall group from Pennsylvania State University [START_REF] Randall | Cold sintering ceramics and composites[END_REF][START_REF] Guo | Cold Sintering: A Paradigm Shift for Processing and Integration of CeramicsAngewandte Chemie International Editionsintering: a paradigm shift for processing and integration of ceramicsCold sintering: a paradigm shift for processing and integration of ceramics[END_REF][16][START_REF] Guo | Cold Sintering Process: A Novel Technique for Low-Temperature Ceramic Processing of FerroelectricsCold sintering process: a novel technique for low-temperature ceramic processing of ferroelectrics[END_REF][START_REF] Guo | Hydrothermal-Assisted Cold Sintering Process: A New Guidance for Low-Temperature Ceramic SinteringHydrothermal-assisted cold sintering process: a new guidance for low-temperature ceramic sintering[END_REF]. This original technique called cold sintering has been reported to have densified a large range of ceramic materials at a very low temperature < 200 °C [START_REF] Randall | Cold sintering ceramics and composites[END_REF] compared to the usual sintering temperatures, using an appropriate amount of liquid phase (3--30 wt%) leading to dense ceramic materials of 80-99-99 % relative density [START_REF] Guo | Cold Sintering: A Paradigm Shift for Processing and Integration of CeramicsAngewandte Chemie International Editionsintering: a paradigm shift for processing and integration of ceramicsCold sintering: a paradigm shift for processing and integration of ceramics[END_REF], under pressure going from 50 to 500 MPa during a short time period of 1--60 min [16,[START_REF] Guo | Cold Sintering Process: A Novel Technique for Low-Temperature Ceramic Processing of FerroelectricsCold sintering process: a novel technique for low-temperature ceramic processing of ferroelectrics[END_REF].

In a previous paper [START_REF] Thabet | High Performance Dense Proton Ceramic Electrolyte Material Obtained by Cold Sintering ProcessHigh performance dense proton ceramic electrolyte material obtained by cold sintering process[END_REF], we demonstrated the feasibility of applying the cold sintering process to a refractory ceramic material with an incongruent dissolution. One of the main achievement was the reduction of the sintering temperature in comparison with the conventional method. The use of water as liquid transient resulted in higher densification, however, it also generates the formation of a secondary phase. This phenomenon has been reported in literature with different incongruent material such as BaTiO 3 and PZT [16,[START_REF] Guo | Hydrothermal-Assisted Cold Sintering Process: A New Guidance for Low-Temperature Ceramic SinteringHydrothermal-assisted cold sintering process: a new guidance for low-temperature ceramic sintering[END_REF], [START_REF] Medvedev | BaCeO3: Materials development, properties and applicationBaCeO3: materials development, properties and application[END_REF][START_REF] Fabbri | Tailoring the chemical stability of Ba(Ce0.8-xZrx)Y0.2O3-δ protonic conductors for Intermediate Temperature Solid Oxide Fuel Cells (IT-SOFCs)[END_REF]. The impurity phase can be removed by optimizing the amount of solvent and proceeding with a post heat treatment. This paper aimed essentially to study the electrochemical properties of the BCZY electrolyte obtained by cold sintering process. The evolution of the electrochemical behavior of bulk and grain boundaries as function of the different process parameters is investigated. 2 , and Y(NO) 3 were dissolved separately in deionized water under stirring on a hot-plate then mixed together. Glycine, used as the fuel of the autocombustion reaction, is added to the mixture with a subsequent use of an ammonia solution to neutralize the pH. The final solution is heated at 80 °C under magnetic stirring until evaporation of water and formation of a viscous gel, which was burned into powder by self-combustion. The powder undergoes a further calcination treatment at 1000 °C to remove organic compounds.

Pellet preparation and cold sintering

A set of experiments was undertaken to evaluate the effects of the cold sintering parameters. The calcined powder was mixed with different quantities of deionized water ranging from 5 to 20 wt%, then manually ground using pestle and mortar. The wetted powder was transferred into a steel die with a diameter of 10 mm and uniaxially pressed using pressures ranging from 125 to 500 MPa. A heater jacket was wrapped around the die while pressing, and the temperature was ramped up at 5 °C/min rate and held isothermally for 30 minutes. The cold sintered pellets were subsequently annealed at 1000-1200 C during 10 hours-1200 °C during 10 h to obtain fully dense ceramics. For the sake of comparison, green pellets, considered as reference samples, were just dry pressed at room temperature without water addition.

In order to evaluate the effect of cold sintering on structure and conductivity, cold-sintered samples were compared to those prepared by nitrate-glycine method, calcined at 1000 °C, and sintered at 1400 °C, i.e. corresponding to optimal conditions of our previous work [START_REF] Thabet | Influence of the autocombustion synthesis conditions and the calcination temperature on the microstructure and electrochemical properties of BaCe0.8Zr0.1Y0.1O3-δ electrolyte material[END_REF].

Characterization

X-ray diffraction (XRD) patterns were recorded on the pellets at room temperature using a Bruker D8 Advance diffractometer in Bragg-Brentano geometry with a Cu anode X-ray source (λ Cu Kα1 = 1.5406 Å) in the 10--80° 2θ range with a step size of 0.017° and a time per step of 0.82 s. The cell parameters are refined using the program FULLPROF with the interface WinPLOTR.

The microstructure and morphology of proton conducting ceramic pellets was investigated by scanning electron microscopy (JEOL 5800 SEM) and the composition of pellets was performed using SEM-energy dispersive X-ray spectroscopy (EDX). Sample densities were calculated by measuring the mass and the geometric dimensions of the pellets and the relative density was determined by using 6.25 g/cm 3 as theoretical density for BCZY [START_REF] Thabet | Influence of the autocombustion synthesis conditions and the calcination temperature on the microstructure and electrochemical properties of BaCe0.8Zr0.1Y0.1O3-δ electrolyte material[END_REF].

Electrochemical measurements

Electrochemical impedance spectroscopy (EIS) was performed using a frequency response analyzer Solartron 1260 in the frequency range of 4 MHz-0.1 Hz. This later value has been optimized in order to get the best signal to noise ratio without any loss of the transfer function linearity [START_REF] Huang | A review of AC impedance modeling and validation in SOFC diagnosis[END_REF][START_REF] Klotz | Practical Guidelines for Reliable Electrochemical Characterization of Solid Oxide Fuel CellsPractical guidelines for reliable electrochemical characterization of solid oxide fuel cells[END_REF]. Measurements were recorded at U DC = 0 V, with a perturbation signal amplitude of 100 Mv, under both dry and wet atmospheres from 800 to 150 °C every 50 °C with a stabilization time of 20 minutes. The gas was dried by passing through a column of silica gel and humidification was obtained by bubbling gas through water. Gold electrodes were formed on each side of the pellet by painting a gold ink followed by heating at 120 °C for 30 min. The impedance spectra were fitted and evaluated using the ZView2 software [24].

Results

Effect of the CSP parameters

The electrolyte material performance depends on the sintering process parameters such as quantity of solvent, cold sintering temperature or pressure. The optimization of these parameters and the study of their effect on the electrolyte microstructure and electrochemical behaviour have been first investigated.

Effect of the solvent

Different samples were obtained by adding 5, 10 and 20 wt% of water, before being cold sintered under 375 MPa at 180 °C during 30 min and finally heated at 1200 °C during 10 hours. The electrochemical impedance spectra were recorded between 150 °C and 800 °C under dry atmosphere. For example, Fig. 1 compares the Nyquist plots obtained at two different temperatures (158 °C and 548 °C) for the sample prepared with 5 wt% of water.

At low temperature, i.e. 158 °C, three semi-circles are observed at high and low frequencies. This response can be described using an equivalent circuit model composed by a combination of electrical elements: an inductance L 0 , related to the wires, in series with three (R 1 //CPE 1 ), (R 2 //CPE 2 ) and (R 3 //CPE 3 ) elements, for which the impedance formula of the constant phase elements (CPE) is 1/Q (jω) n . The corresponding real capacitance values, calculated using the fitting parameters R (resistance), Q (pseudo-capacitance) and n from

the formula C = R (1 --n)/n Q 1/n
. For all samples, L 0 ranges between 10 -6 and 10--6 and 10 -7 Hz. This value agrees well with these observed in literature using similar testing set-ups [START_REF] Marrero-López | Redox behaviour, chemical compatibility and electrochemical performance of Sr2MgMoO6-δ as SOFC anode[END_REF]. The real capacitances are respectively of 1.0 10 -10 F. cm-2, 1.0 10-8 F. cm-2 and 1.0 10-6 F. cm--10 F. cm -2 , 1.0 10 -8 F. cm -2 and 1.0 10 On increasing the temperature to 548 °C, the impedance spectra lose gradually the response attributed to the grain boundary. This latter is shifted outside the frequency range of measurement and only electrode response is observable. The Nyquist plot can be fitted with an inductance L 0 , in series with a resistance R 0 and one (R 1 //CPE 1 ) element of true capacitance of 2.0 10 -6 F. cm--6 F. cm -2 . Consequently, at this temperature, the resistance R 0 of 9 Ω cm 2 can be attributed to both bulk and grain boundary, however the resistances R 1 can be assigned to electrode contribution. 2 illustrates, for this sample, the evolution of the bulk and grain boundary conductivity as function of temperature. Two distinct regimes of conductivities operating in two different temperature zones can be distinguished. In the low temperature range < 200 °C, the bulk conductivity is observed to be slightly higher. For this temperature range the total conductivity is therefore limited by the grain boundary. At 200 °C, the curves intersected and the two contributions exhibit a same conductivity level. A noticeable change occurred for temperatures higher than 200 °C, for which the total conductivity is limited by the bulk since the grain boundary conductivity is actually higher. Fig. 3 illustrates the effect of solvent quantity on the electrochemical properties of the different samples. While similar conductivity level is obtained with 5 wt% and 10 wt% of solvent addition, the electrochemical response of the pellet obtained with 20 wt% of water is significantly lower. The associated evolution of bulk and grain boundaries is detailed in Fig. 3 B-C. The evolution of the bulk conductivity seems to be the same as for the total conductivity, with a significant decrease of electrochemical performance observed only with the addition of 20 wt% of water. The grain boundary conductivity appears to be more affected by water addition and increasingly lowered by the increase of water quantity. The microstructure illustrated in Fig. 4 shows the appearance of a secondary phase (white dots) in the interstitial space between grains for pellets obtained with 10 wt% of water. By increasing the solvent quantity to 20 wt% the presence of cracks is clearly seen. EDX mapping on Fig. 5 confirms this result and demonstrates that the grain boundaries are carbon, oxygen and barium rich, which leads us to think that the impurity phase is related to the presence of BaCO 3 . This latter non-conducting phase is probably the principal cause of the grain boundary conductivity decrease. 

Effect of the cold-sintering temperature

Different electrolyte specimens were prepared with 5 wt% of water and under 375 MPa at different temperatures (called "cold-sintering temperature") comprised in the 120 °C--180 °C range. Fig. 6 illustrates the relative density evolution of pellets as a function of the cold-sintering temperature, just after cold sintering and after annealing at 1200 °C. For the as cold sintered pellet, the obtained densities are relatively low (< 7575 %) when the sintering temperature is lower than 180 °C, whereas an increase of the relative density is observed at 180 °C reaching a value of 83 %. After the annealing step, comparable density values, comprised in the 92%-94 %-94 % range, are obtained for all samples. To understand the correlation between the microstructure and the electrochemical properties, impedance measurements were performed on the different specimens and results are shown in Fig. 7 A. Although respective microstructures ( Fig. 8 ) seem to be strongly dependent on cold sintering temperature, the total conductivities of samples are comparable in the whole measurement temperature range. To further investigate this behaviour, grain and grain boundary response have been extracted from impedance spectra. Conductivity vs reciprocal temperature evolutions are detailed in Fig. 7 B-C. The same tendency is observed for the bulk conductivity since Arrhenius plots of the different samples are superimposed. This behaviour is consistent with microstructure observations showing similar bulk sizes after annealing at 1200 °C (10 µm). For the grain boundary, the conductivity displays different behaviours depending on the measurement temperature. At high temperature, the grain boundary exhibits a same conductivity level for all samples, however at low temperature the decrease of cold sintering temperature induces a decrease of the grain boundary conductivity. The microstructure presented in Fig. 8 confirms these EDX mapping of pellet obtained with 10 wt% of water (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).. results and shows the presence of cracks and porosity at 120 °C and 140 °C respectively, which can explain the lower electrochemical performance compared to the cold sintered sample at 180 °C.

alt-text: Fig. 6 Fig. 6 Relative density evolution before and after annealing as function of cold sintering temperature.
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Effect of the cold-sintering pressure

Different electrolyte specimens were prepared with 5 wt% of water at 180 °C under different pressures comprised in the 125 MPa-500 MPa range. For the as cold sintered pellets, the obtained densities are relatively low (< 7575 %) except for the sintering pressure of 375 MPa, where a value of 83 % is observed [START_REF] Thabet | High Performance Dense Proton Ceramic Electrolyte Material Obtained by Cold Sintering ProcessHigh performance dense proton ceramic electrolyte material obtained by cold sintering process[END_REF]. After the annealing step, comparable density values comprised in the 92%-94 %-94 % range are obtained for all samples, and electrochemical impedance measurements reveal no noticeable influence of the pressure.

Effect of the sintering treatment

As outlined in literature, the substantial benefits of CSP was to reduce sintering/post heat treatment temperature required to achieve a dense material with high conductivity level compared to the conventional method. In this work, experiments were performed by lowering the annealing temperature, and even by eliminating the post heat treatment. As an initial result, the comparison between an as-CSP pellet (obtained under 375 MPa at 180 °C using 5 wt% of water) and a green pellet that was just dry pressed demonstrates a great improvement in the relative density from 62% to 83 % to 83 %. The SEM observations presented on Fig. 9 A-B confirm this result, showing more aggregated particles with the formation of densification necks in the case of CSP ( Fig. 9 B). Fig. 10 A shows that a further annealing at 1200 °C can enhance the densification (94 %) leading to a great increase of the conducting properties in the entire temperature range compared to the non-post annealed cold sintered pellet. As mentioned previously, at low temperature, the contribution of bulk and grain boundary can be clearly distinguished and seems to be more important for the non-sintered pellet. In contrast, at high temperature we can only determine the total resistance of the electrolyte. At 685 °C for instance a decrease of the total electrolyte resistance from 84 to 5 Ω.cm² is observed after annealing at 1200 °C. Fig. 10 B-C collects the evolution of grain and grain boundary conductivity before and after annealing in the temperature range within which they can be determined. The post heat treatment can drastically increase the conductivity of grain and especially grain boundary. To explain this evolution trend, the cross section microstructure of the two samples was investigated by SEM and illustrated in Fig. 9 B-C. For the non-sintered sample, a small grain size with some distributed pores can be observed, consistent with the high measured total resistances. After annealing at 1200 °C, the sample showed a grain growth and well interconnected particle with clear edges resulting in a decrease of the total resistances. Cross section microstructure of pellets cold sintered at different temperature, after annealing at 1200 °C.

alt-text: Fig. 9 Fig. 9 To investigate the effect of the annealing step on electrochemical performance, a post heat treatment was performed on cold sintered pellets during 10 hours at 1000 °C, 1100 °C and 1200 °C. Results presented in Fig. 11 A show that the increase of the annealing temperature is followed by an enhancement of the conductivity level from 3.4 10 -3 S. cm--3 S. cm -1 at 1000 °C to 2.05 10 -2 S. cm--2 S. cm -1 at 1100 °C reaching a maximum of 4.10 --2 S. cm -1 at 1200 °C with a relative density of 94 %. The differences in conductivity seem to be more important at the intermediate temperatures around 300 °C and the decrease of the total conductivity is mostly due to the grain boundary component ( Fig. 11 B). The microstructure systematic trend of the different specimens, illustrated in Fig. 12 , shows a denser microstructure with more interconnected particles and lower porosity, with simultaneous increase of particle size by increasing the annealing temperature. 

Discussion

Previous results for samples prepared by conventional sintering in our group are recalled on Fig. 13 [START_REF] Thabet | Influence of the autocombustion synthesis conditions and the calcination temperature on the microstructure and electrochemical properties of BaCe0.8Zr0.1Y0.1O3-δ electrolyte material[END_REF]. For these samples, we obtained an evolution trend similar to Fig. 2 ,i.e. the total conductivity of the sample limited at low temperatures by the grain boundary, and at high temperatures by the bulk, but the intersection of the two curves was observed at higher temperature, near 530 °C, instead of 200 °C, as it was shown on Fig. 2 . As previously demonstrated, the main benefit of the cold sintering consists in the acceleration of the densification process since a relatively higher density of 83 % is achieved at only 180 °C compared to the dry pressed specimen of 63 % theoreticalrelative density. The substantial advantage that can be obtained from this, is the decrease of the annealing temperature and the sintering duration. These two parameters have been lowered from 1400 °C during 12 hours for the conventional sintered sample to 1200 °C during 10 hours for the cold sintered one. Here, in order to point out the key processing advantage, apart from temperature lowering, the effect of cold sintering on the microstructure and the electrochemical performance have been investigated. Impedance measurements were performed on cold sintered ceramic and were compared to the conventional sintered one. Fig. 14 illustrates the conductivity curves of the two different samples. Based on the presented results, an appreciable enhancement in the electrochemical performance is achieved through the cold sintering process. At high temperature, it is noticed that the conductivity level of the conventional sintered specimen is lower, and continues to decrease gradually with the decreasing of temperature measurement. To explain the enhancement of the total conductivity, the grain and grain boundary contributions were separated. The results are shown in Fig. 14 C. The bulk conductivity of the cold sintered sample is particularly higher, but is nevertheless close to the conventional sintered one. However, it is obvious, that the increase of the total conductivity is mostly related to a higher grain boundary conductivity. alt-text: Fig. 14 Fig. 14 The X-ray diffraction patterns, after Le Bail refinements of BaCe 0.8 Zr 0.1 Y 0.1 O 3-δ cold and conventional sintered pellets performed in orthorhombic Imma space group [START_REF] Pagnier | A neutron diffraction study of BaCe x Zr1-x O3, The European Physical Journal -Applied PhysicsEur[END_REF], are shown in Fig. 15 . The cell parameters, volumes, peak relative intensity and shape are similar between cold and conventional sintered samples suggesting that the structure of the ionic conductor does not seem to be modified by the use of the CSP method. This result agrees well with impedance measurements showing that the difference of the total conductivity between cold and conventional sintering samples is mainly due to the difference of grain boundary conductivity ( Fig. 14 B), the bulk conductivity being quite similar ( Fig. 14 C).

In order to further investigate the conductivity mechanisms, experiments were performed under both dry and wet atmospheres. Samples were measured during heating and cooling in the temperature range of 150--800 °C, always with steps of 50 °C. In Fig. 16 , total conductivities of the cold sintered samples after annealing step, obtained under different conditions are compared. At low temperature, the total conductivity in wet atmosphere is slightly higher than the one obtained in dry air indicating the assumption of protons as charge carries in wet atmosphere. When increasing the temperature above 400 °C, samples exhibit comparable responses, suggesting a decrease of the proton contribution at high temperature due to dehydration [START_REF] Heras-Juaristi | Temperature dependence of partial conductivities of the BaZr 0.7 Ce 0.2 Y 0.1 O 3-δ proton conductor[END_REF].

Conclusion

In summary, this work has shown the possibility to use the cold sintering process (CSP) to densify a proton refractory electrolyte material with incongruent dissolution issue (BCZY). Different parameters have been optimized and the electrolyte material was successfully cold sintered leading to a high relative density of 83 %, at low temperature equal to 180 °C under 375 MPa using 5 % wt of water. Compared to the 63 % relative density of the "dry" pressed specimen, this result shows the power of the CSP technique. Subsequent annealing at temperature lower than that of the traditional sintering (1200 °C instead of 1400 °C) further improves the relative density which reaches 94 %, and remarkably increases the total conductivity to 4 10 -2 S. cm--2 S. cm -1 at 700 °C by mostly increasing the grain boundary conductivity. In contrast, the grain conductivity exhibits a small variation in accordance with the lack of structural change confirmed by X-ray powder diffraction. The process demonstrated here can offer opportunities to manufacture in one-step solid oxide fuel cell by co-pressing and co-firing the electrolyte and electrodes at lowered temperature and for shorter duration.
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2 Experimental procedure 2.1 Powder synthesis

  

	BCZY powder of composition BaCe	0.8 Zr	0.1 Y	0.1 O	3-δ , was synthesized by nitrate-glycine method as described
	in previous work [1]. Stoichiometric amounts of metal nitrate salts precursors: Ba(NO	3 )	2 , Ce(NO	3 )	3 ,
	ZrO(NO	3 )			
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