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Abstract 

This work describes the development of electrophoretic deposition method for the elaboration of a porous 

coating on a dense membrane in order to improve its oxygen permeation performance. The dense membrane 

material produced from La0.5Sr0.5Fe0.7Ga0.3O3-δ perovskite is coated with La0.6Sr0.4Fe0.8Co0.2O3-δ perovskite layer 

by electrophoretic deposition method in order to improve the kinetics of oxygen surface exchanges. Then, the 

oxygen flux through the La0.5Sr0.5Fe0.7Ga0.3O3-δ dense membrane is largely impacted by La0.6Sr0.4Fe0.8Co0.2O3-δ 

electrophoretic coating, from 0.5 to 2.6 10-3 mol.m-2.s-1 without and with La0.6Sr0.4Fe0.8Co0.2O3-δ coating after 

heating at 900°C, respectively. Besides, a large impact of the thickness of the electrophoretic coating on the 

oxygen flux through the membranes is observed. The electrophoretic deposition has shown to be a powerful 

elaboration method of membrane to produce gaseous oxygen with high purity.  

 

 

1. Introduction 

The oxygen transport membrane (OTM) are dense ceramic membranes produced from mixed ionic and 

electronic conducting materials. One of the advantages of this technology is the high purity of the gaseous 

oxygen produced (higher than 99%). The technology could be interesting to use for laser cutting process 

[Powell, 2019]. However, oxygen transport membranes must have a high oxygen semi-permeation for industrial 

applications. The electromotive force of the oxygen transport through the membranes comes from the difference 

of oxygen partial pressure of the two atmospheres on both membrane sides. Unfortunately, the oxygen flux 
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through the membrane is usually limited by the oxygen surface exchanges [Geffroy 2015, Geffroy 2017], and a 

coating of submicronic particles on the dense membrane can lead to improve the kinetics of the oxygen surface 

exchanges and then improve oxygen flux [Hayamizu 2014, Xu 1999]. 

In this context, this work is focused on the impact of the thickness of a surface porous layer deposited by 

electrophoretic deposition on a membrane, using submicronic particles, on the oxygen flux performance.  

La0.5Sr0.5Fe0.7Ga0.3O3-δ (LSFG5573) perovskite is used as dense membrane material because of its high oxygen 

diffusion coefficient, good chemical stability and mechanical properties [Sunaro 2008, Geffroy 2013]. 

La0.6Sr0.4Fe0.8Co0.2O3-δ (LSFCo6482) perovskite, with very high kinetics for oxygen surface exchanges [Guironnet 

2016] but low mechanical properties, is used as coating materials onto the membrane, in order to improve the 

kinetics of oxygen surface exchanges. The coating on the dense membrane is manufactured by electrophoretic 

deposition (EPD). This coating method has a great interest because it can be used for many different materials. 

The main advantages of electrophoretic deposition is a short coating time, easy control of films thickness (from 

few microns to several hundred microns), low cost, possibility of mass production and suitable for substrates 

with complex shape as tubular [Zhang 2007, Tan 210, Schulz 2010].  

Electrophoresis coating method requires to prepare a dispersed suspension of ceramic particles. These ceramic 

particles should exhibit electrical surface charge to move in a solvent under an electric field applied between the 

electrode and the substrate. Then, particles coagulate onto the substrate to form a layer. The nature of the surface 

charges on the ceramic particles determine if the coating is cathodic or anodic. The properties of the coating 

mainly depend on the characteristics of the ceramic suspension [Boccaccini 2002, Zhitomirsky 2000, Heavens 

1990, Hammaker 1940].  

The electrophoretic coating shows recently a great interest for the preparation of thin porous coating in 

electrochemical systems, in particular for the elaboration of electrode in solid oxide fuel cell [Majhi 2011]. This 

work shows the impact of electrophoretic coating on the electrochemical properties of mixed conductor 

membranes.  

 

2. Experimental  

2.1 Materials 

The powders used in this study are synthesized by a solid state reaction synthesis [Etchegoyen 2006] for 

La0.5Sr0.5Fe0.7Ga0.3O3-δ (LSFG5573) powder and by a citrate route [Xu 2004] for La0.6Sr0.4Fe0.8Co0.2O3-δ 

(LSFCo6482) powder. 



LSFG5573 powder used for the membrane preparation is synthetized from pure oxides (La2O3 (99.99 %, Alfa 

Aesar), Fe2O3 (98 %, Alfa Aesar), Ga2O3 (99.999 %, Alfa Aesar)) dehydrated at 100°C. Then oxides and 

carbonate (SrCO3 (99.9 %, Sigma-Aldrich)) precursors are weighed in proper amount, mixed and attrition-milled 

at 600 rpm in ethanol. The attrition is performed using zirconia balls of 800 µm diameter. After 3 h, the mixture 

is separated from the balls with a 200 µm sieve, dried and calcined 5h at 1100°C until perovskite phase 

formation. Then, the powder is once again attrition-milled in ethanol. Each 15 minutes during the attrition 

milling, a granulometry analysis is done using a laser granulometer (Horiba LA950), in order to obtain the 

desired monomodal grain size distribution with a mean diameter close to 1 µm.  

LSFCo6482 powder used for the electrophoretic suspension is produced by citrate route [Xu 2004]. The 

stoichiometric amount of metal nitrate (Sr(NO3)2 (≥ 99.0 %, Sigma-Aldrich), Fe(NO3)3.9H2O (98+ %, Alfa 

Aesar), La(NO3)3.6H2O (99.9 %, Alfa Aesar) and Co(NO3)2.6H2O (98.0-102.0 %, Alfa Aesar)) are mixed and 

dissolved in deionized water. Then, solid citric acid (99+% Alfa Aesar) is introduced into the mixed solution and 

under magnetic stirring. The molar ratio of citric acid to metal nitrate is fixed at [CA]/[M]=1.5. After 30 minutes, 

a 28% ammonia solution is introduced in the mixed solution in order to reach a pH around 9.5 (the precipitation 

point is exceeded). The solution is heated at 120 °C until a gel is obtained which is then heated at 320 °C to 

provoke the auto-combustion. The powder obtained after auto-combustion is calcined at 1100 °C for 4 h to have 

an as pure as possible perovskite phase. The powder produced is characterized by Scanning Electron Microscopy 

(SEM, Cambridge instrument) and by laser granulometer (Horiba LA950). The mean grain size (Diffusion Laser 

Scattering, DLS) and the density of powders (gas pycnometer, Accupyc II 1340, Micormeritics) are reported in 

Table 1. . 

For each powder, the formation of a perovskite phase is confirmed by X-ray diffraction (Siemens D5000, Cu-

Kα1) and chemical composition is verified by inductively coupled plasma atomic emission spectrometer. 

2.2 Preparation of the substrate by tape casting 

Dense membranes are elaborated by tape casting [Chartier 1994]. An LSFCo6482 slurry is prepared from the 

powder obtained by solid state synthesis, an organic solvent, a dispersant (phosphate ester), a binder and a 

plasticizer. Powder, organic solvent and dispersant are first ball-milled for 1 h, then the binder and the plasticizer 

are added to obtain a slurry with an adapted rheology for tape casting. A green tape of 150 µm thickness is tape-

cast, dried and punched into disks of 30 mm diameter. Then, those disks are stacked (to obtain 1 mm thick 

membrane after sintering) and thermo-laminated under 50MPa at 70 °C. The green membranes are debinded and 



sintered to 1350 °C at a rate of 5 °C/min with a dwell of 4 h to obtain a relative density higher than 95%. The 

relative density of the membrane is measured using Archimedes method.  

2.3 Electrophoretic coating procedure 

The suspension for electrophoretic deposition is prepared by adding to the LSFCo6482 powder to the ethanol 

solvent and 1.5 wt.% of dispersant (phosphate ester). The LSFCo6482 powder concentration is 5 wt.% in slurry. 

The suspension is ball-milled at 260 rpm for 1 h to homogenize the suspension. Then, 2 wt.% of binder (Degalan 

51/07, Degussa, Germany) is added to the suspension and ball-milled again 12 h at 130 rpm. The addition of 

binder improves the cohesion of the green electrophoretic coating after drying.  

The electrophoretic cell presented Figure 1 consists in an anodic substrate centered between two parallel 

copper cathodic electrode plates (50.1*41.4*0.4 mm3). The electrodes are movable, they can be spaced with 

distances from 0.5 to 5 cm. For this experiment, the distance is set at 3 cm and the submerged surface of the 

electrodes is 18.5 cm². A very slow stirring by magnetic stirrer prevents from the sedimentation of the 

suspension. A generator allows to adjust the voltage from 0 to 84 V between the electrodes. After coating, each 

membrane is taken out of the suspension and the deposit is dried at room temperature at least during 4 h. Then, 

the membrane with the dried coating is heated to 1150 °C for 2 h at a rate of 1 °C/min to remove all organic 

components and to further consolidate the porous coating. The remaining porosity in the coating is favorable to 

the diffusion of the gas through the thickness of the coating, which makes it possible oxygen adsorption on each 

perovskite particle on the pore surface in the thickness of coating.  

Powders, substrate and coatings are observed by SEM to evaluate the morphology and the size of the grains 

but also the uniformity and the thickness of the coating.  

2.4 Electrochemical characterizations 

2.5.1. Oxygen semi-permeation measurements of membranes 

Electrochemical performances i.e. oxygen semi-permeation flux and oxygen activities at the membrane 

surfaces are measured using a specific setup reported in Figure 2 and described in previous work [Vivet 2011]. 

The membrane sealed between two alumina tubes by gold rings separates three chambers. In the first chamber, 

recombined air is injected (100 mL/min, oxygen-rich atmosphere), in the second chamber, argon is injected (200 

mL/min, oxygen-lean atmosphere). The two different gas flows generate an oxygen partial pressure gradient 

through the membrane which is the driving force for oxygen diffusion through the membrane. The last chamber 



is used to avoid transversal leak. An argon flux is also injected in this chamber. The tightness between the 

chambers are checked at high temperature (900°C) before the measurements of oxygen semi-permeation. 

Measurements are performed from 970 °C to 600°C with an interval of 10 °C between each measure. 

2.5.2 Oxygen semi-permeation measurement 

The oxygen flux through the membrane is calculated using the following equation: 
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Where ���
is the oxygen flux through the membrane in mol.m-2.s-1, ��� the Argon flow in l.s-1, ��	(��) the 

molar volume of argon in l.mol-1, � the apparent membrane surface in m². 

����� and �� ! are the oxygen partial pressure in the outlet argon flux and the oxygen partial pressure in the 

argon flux (in atm), respectively. They are evaluated from the electromotive force E(g) 2out, thanks to YSZ-oxygen 

sensors, following the Nernst law: 
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Where R is the universal gas constant, F the Faraday constant and T the temperature and PO2 is the oxygen 

partial pressure in the air (= 0.21 atm). 

3 Results and discussion 

3.1 Characterization of the perovskite powders and of the dense membrane 

Table 1 and Figure 3 A and B show the main characteristics of the LSFG5573 powder produced by solid state 

reaction and LSFCo6482 powder produced by citrate route before milling. The mean grain size of LSFG5573 

powder is close to 1 micron which is adapted to tape casting process (Table 1). The mean grain size of 

LSFCo6482 powder (i.e. 0.4 µm) is smaller than that of LSFG5573 powder. The low grain size of LSFCo6482 

powder is favorable to a high exchange surface of electrophoretic coating to improve the kinetics of oxygen 

surface exchange of the membrane. Powder stoichiometry checked by ICP-AES analysis (Table 2) show a 

chemical composition of LSFG5573 and LSFCo6482 powders close to the chemical compositions expected, Table 

2. 

 



Table 1. Characterization of perovskite powders  

 
Synthesized 

route 
Mean grain 
size (µm) 

Powder density 
(g.cm-3) 

LSFG5573 
Solid state 
reaction 

0.9 5.94 

LSFCo6482 
Citrate 
route 

0.4 6.00 

 
Table 2. Chemical elementary analysis of LSFG5573 and LSFCo6482 powders obtained by Induced Coupling 

Plasma (ICP) 

Elements  
stoichiometry 

measured by ICP  
stoichiometry 

desired  
LSFG5573 (solid state reaction) 

La  0.52 0.5 
Sr  0.48 0.5 
Fe  0.71 0.7 
Ga  0.29 0.3 

LSFCo6482 (citrate route) 
La  0.59 0.6 
Sr  0.41 0.4 
Fe  0.78 0.8 
Co  0.22 0.2 

 
Figure 3 C1 and C2 shows SEM micrographs of the surface and fracture section of LSFG5573 dense membrane. 

The bulk mean grain size is around 2 µm and a density of 95%. The grain size has a significant impact on the 

electrochemical performances. Indeed, recent work shows that large grain size (up to 1-2 microns) is usually 

favorable to ionic conduction through the membrane bulk [Reichmann 2016].  

Figure 4 shows the X-ray diffraction patterns of LSFCo6482 powders produced by citrate route, LSFG5573 powder 

produced by solid state reaction and LSFG5573 sintered membrane. The LSFCo6482 powder has a well-defined 

perovskite phase without apparent secondary phase. The LSFG5573 powder synthesized by solid state reaction has 

the expected perovskite phase but also two secondary phases determined has La2O3 and SrLaGa3O7. After the 

shaping of the powder by tape casting and the sintering of the obtained pellets, the La2O3-secondary phase 

disappears but the SrLaGa3O7-secondary phase still remain. This secondary phase has a low impact the oxygen 

diffusion coefficient, but it could have a large impact on the oxygen surface exchange kinetics. The impact of 

secondary phases on oxygen transport mechanism through the La1-xSrxFe1-yGaxO3-δ perovskite membrane the 

will be discussed in a further study.  

 

 

 

 

 



3.2 Impact of the electrophoretic parameters on the coating 

3.2.1 Impact of the applied voltage on the coating thickness 

Figure 5 and 6 shows the influence of the applied voltage on the coating thickness for an electrophoretic coating 

time of 120 s. From 0 to 5 V, a very few particles are scattered (patchy) on the membrane surface, and the 

coating thickness is less than 10 µm. From 5 to 60 V, there is a linear relation between the coating thickness and 

the voltage. Above 60 V, the growth rate of the coating highly decreases with the voltage. Besides, the thickness 

homogeneity of the deposits decreases when the applied voltage increases in agreement with the results reported 

by Besra et al. [Besra 2007]. The homogeneity of the coating is likely linked to the migration speed of particle in 

suspension. When the applied electrical field is high, the migration speed of particles is high in the suspension, 

that is likely not favorable to obtain a well-packed layer. However, if the voltage is low (below 2-3 V), there is 

not electrophoretic coating because the electrostatic forces on the ceramic particles are too low in comparison to 

the forces linked to mechanical agitation (or Brownien agitation) in the suspension during the electrophoretic 

coating.  

Then, the voltage will be fixed to 20 V in the following sections of this study, which correspond to a good 

compromise between a compact layer and suitable migration rate of ceramic particles in the suspension. 

 

3.2.2 Impact of the coating time on the deposit thickness 

Figure 7 shows the evolution of the coating thickness in relation with the electrophoretic coating time. The 

coating thickness linearly increases with the time from 30 to 300 s. Above 300 s, the depletion of perovskite 

particles in suspension leads to a significant slowdown in the growth of the electrophoretic coating [Besra 2007]. 

The maximum thickness of electrophoretic coating obtained in this study cannot be exceed 220 µm, because the 

growth of coating is too low above 200 µm due to the depletion of perovskite particles in the suspension.  

3.3 Electrochemical performances 

Electrochemical performances were studied for a dense LSFG5573 membrane without coating, and three dense 

LSFG5573 membranes coated with different thickness of LSFCo6482 porous layer on both surfaces of LSFG5573 

dense membrane. 

Figure 8 A shows the evolution of the oxygen semi-permeation flux versus the temperature for different 

thicknesses of the porous layer deposited on the LSFG5573 dense membrane surfaces. Figure 8 B shows the 

oxygen semi-permeation flux at 900°C versus the thickness of the porous layer. The oxygen flux increases with 



the thickness of the coating. The highest oxygen flux (2.6×10-3 mol.m-1.s-1 at 900 °C) is obtained for a membrane 

with a porous layer of 115 µm in thickness. Moreover, the oxygen flux shows a quasi-linear evolution with the 

thickness of the coating. The previous work shows clearly that the oxygen flux of dense LSFG5573 membranes is 

mainly governed by the oxygen surface exchange [Xu 1999]. Then, the surface developed by the open porosity 

in LSFCo6482 coating is likely proportional to the thickness of the coating. Then, it could be interesting to study 

larger thickness of the porous coating to determine the optimum. Unfortunately, the electrophoretic coating 

method described in this work does not allow to excess 100-120 microns in thickness after sintering due to the 

delamination of the electrophoretic coating during the calcination step.  

Arrhenius plot and activation energies of the four different membranes are reported Figure 9 and Table 3, 

respectively. The activation energy (Ea) decreases when the thickness of the electrophoretic coating increases. 

This trend is linked to the evolution of the limiting step of the oxygen transport through the membrane when the 

thickness of porous coating increases. Indeed, a recent work shows that the oxygen flux through a dense LSG5573 

membrane is mainly governed by the kinetics of oxygen surface exchanges [Xu 1999]. Then, the kinetic of 

oxygen surface exchanges increases with the coating thickness or the surface developed by the porosity of 

electrophoretic coating. An increasing of the coating thickness leads to an evolution of the limiting step and then 

the apparent energy activation of oxygen flux through the membrane. This suggests that the oxygen flux is 

mainly governed by bulk diffusion through the membrane when the thickness of porous coating is large (up to 

100 microns in this work).  

Besides, a previous work [Vivet 2014] reported an activation energy of oxygen flux governed by oxygen 

diffusion in the bulk through La0.6Sr0.4Fe0.6Ga0.4O3-δ (LSFGa6464) dense membrane close to 70 kJ mol-1, 

suggesting that LSFGa5573 material has similar oxygen transport properties than LSFGa6464 material. Also, the 

energy activation of the oxygen flux through LSFGa5573 dense membrane with a porous coating of 115 µm in 

thickness is close to 60 kJ.mol-1, and corresponds to the energy activation of the oxygen flux through LSFGa6464 

membrane when the oxygen flux is governed by oxygen diffusion the bulk (i.e. close to 70 kJ. mol-1). 

 



 

Table 3. Activation energy calculated from Arrhenius plot of oxygen flux through LSFG5573 dense membrane 

without and with porous coating. 

 Temperature (°C) Ea (kJ.mol-1) Temperature (°C) Ea (kJ.mol-1) 

0 µm 970 to 820 120 820 to 640 155 

5 µm 965 to 835 130 835 to 695 160 

75 µm 966 to 790 100 790 to 620 129 

115 µm 960 to 800 51 800 to 620 60 

 

Table 3 shows that the evolution of activation energy in relation with the range of temperature. The activation 

energy increases at lower temperature. The first assumption is that the evolution of energy activation is linked to 

the evolution of the predominant limiting step with the temperature. Indeed, the oxygen flux through the 

membrane is mainly governed by surface exchange at low temperature and by oxygen bulk diffusion at high 

temperature (usually up to 1000°C), as previously reported [Vivet 2011].  

The coating thickness does not have the same impact on the kinetic coefficient at the oxygen-rich side and at the 

oxygen-poor side because the oxygen concentration of the gases and consequently the migration kinetic of the 

oxygen through the coatings are very different between the two faces of the ceramic membrane Indeed, the 

oxygen migration flux in the gaseous phase through the coating is proportional to its concentration as expressed 

by the Fick law (Eq. 8): 

J,�
= D,�

∆	/0�

1
 (Eq. 8) 

With e the thickness of the porous coating, DO2 the oxygen permeation coefficient (depending on the porous 

coating) and ∆PO2 the gradient of oxygen partial pressure. 

 
In opposite, the oxygen migration flux in the bulk of the dense membrane is proportional to the gradient of lnPO2 

(and not to PO2), which is expressed by the Wagner law (Eq. 9):  

J,�
=

2030

&

∆	45/0�
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 (Eq. 9) 



With L the thickness of the dense membrane, CO the oxygen concentration in the material of the dense 

membrane DO the oxygen diffusion coefficient. ∆ln PO2 corresponds to the gradient of oxygen chemical potential. 

 
The Fick law assumes that the gradient of oxygen partial pressure through the porous coating on the rich and 

poor-oxygen sides are similar, because the oxygen flux is constant through the membrane and the thickness of 

the porous coating is similar on both side of the membrane (see eq.8). However, the similar gradient of oxygen 

partial pressure has not the same impact on the driving force of oxygen flux or gradient of oxygen chemical 

potential through the membrane. Indeed, the oxygen flux is proportional to the gradient of oxygen chemical 

potential through the dense membrane, as reported previously by the Wagner law in eq. 9.  

For instance, the oxygen partial pressures on the poor and rich-oxygen sides are 10-3 and 0.21 atm. at 900°C, 

respectively. The gradients of oxygen partial pressure through both porous coatings are similar, estimated here to 

∆P =5. 10-4 atm. This leads to a very low gradient of oxygen chemical potential through porous coating at rich-

oxygen side ( ∆µO2 (rich) = RT ln 0.21/(0.21-∆P))= 23 J.mol-1 ) and large gradient of oxygen chemical potential 

through the porous coating at poor-oxygen side ( ∆µO2 (poor) = RT ln (10-3-∆P)/(10-3) = 3.9 103 J.mol-1>> ∆µO2 

(rich)), as reported on figure 10. It is then possible to conclude that the oxygen migration step through the porous 

coating at the poor-oxygen side can limit the oxygen flux through the dense membrane, when the porous coating 

is very thick. The higher coefficient of oxygen surface exchanges is obtained for the membrane with the thicker 

porous layer in the thickness range tested (i.e. up to 115 µm) but an optimum thickness will likely exist. 

 

4 Conclusions 

A dense LSFG5573 membrane has been coated by electrophoretic coating method, with LSFCo6482 particles of 

0.45 µm diameter. This selection of materials was chosen wisely because it combines high oxygen diffusion 

coefficient for LSFG5573 material used as the dense membrane and high kinetics of oxygen surface exchanges 

with LSFCo6482 materials used as porous coating. This association of the two materials leads to a very high 

oxygen semi-permeation, i.e. 2.6×10-3 mol.m-1.s-1 at 900 °C, which corresponds to the high oxygen flux 

performances in the literature. However, these oxygen flux performances are lower than the oxygen fluxes 

obtained with Ba1-xSrxFe1-yCoyO3-δ perovskite membranes, i.e. from 1 to 20×10-3 mol.m-2.s-1 at 900 °C, which are 

among the best performances ever reported in the literature for membrane materials [Ge 2008, Ge 2009]. 



However, La0.5Sr0.5Fe0.7Ga0.3O3-δ perovskite membranes have a better chemical stability and mechanical 

properties than Ba1-xSrxFe1-yCoyO3-δ perovskite membranes in working conditions.  

The impact of the electrophoretic voltage on the migration rate of particles has been established. However, when 

the coating thickness is large (up to 100 microns), the migration rate of particle decreases significantly. Then, the 

maximum coating thickness obtained by electrophoretic coating is limited to 100-120 microns due to the 

delamination of coating during the calcination step. 

The higher oxygen flux is obtained with the membrane coated with the thickest coating possible to obtain, i.e. 

115 µm. This suggest that the oxygen flux is mainly governed by the oxygen surface exchange at the membrane, 

but not by the oxygen bulk diffusion through the dense membrane.  

Finally, this study shows that the electrophoretic coating is interesting method to obtain very homogenous 

porous coating from 2-5 µm to 115 µm thickness. The microstructure of electrophoretic coating is adapted to 

obtain a perovskite coating with high electrochemical performances. This should be particularly interesting for 

the elaboration of cathode materials for SOFC application.  
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Figure captions 

Figure 1. Electrophoretic coating cell 

Figure 2. Oxygen semi-permeation setup 

Figure 3. Micrographs of A) LSFG5573 perovskite powders (solid state reaction) and B) LSFCo6482 perovskite 
powders (citrate route), of the LSFG5573 dense membrane C1) surface and C2) cross section. 

Figure 4. XRD patterns of LSFCo6482 citrate powder, LSFG5573 dense membrane and LSFG5573 solid state 
reaction powder 

Figure 5. Micrographs of the coating obtained by electrophoretic coating during 120s with a voltage of A) 5V, 
B) 40V and C) 80V  

Figure 6. Impact of the applied voltage on the thickness and on the homogeneity of coating for an 
electrophoretic coating time of 120s  

Figure 7. Impact of the coating time on the coating thickness, for an applied voltage of 20V  

Figure 8. Evolution of the oxygen semi-permeation A) as function of the temperature and B) as function of the 
thickness of the porous layer at 900°C 

Figure 9. Arrhenius plot of oxygen flux trough LSFG5573 dense membrane without and with porous coating 
obtained by electrophoretic method.  

Figure 10. Hypothesis on the profile of oxygen chemical potential (RT lnP02) through the dense membrane with 
porous coating on poor and rich oxygen side. 

 

Table captions 

Table 1. Characterization of perovskite powders  

Table 2. Chemical elementary analysis of LSFG5573 and LSFCo6482 powders obtained by Induced Coupling 
Plasma (ICP) 

Table 3. Activation energy calculated from Arrhenius plot of oxygen flux trough LSFG5573 dense membrane 
without and with porous coating 
























