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Tipos de celdas de combustible

PEFC PAFC MCFC SOFC
Electrolyte Nafion H,I"O, Na,C0,-L1,C0, Zro,-Y ,0,
Operating temperature (“C) T0-80 200 GS0-T00) S0H0—1 000
Fuel H- H- H,. CO, CH, H. CO, CH,
Expected efficiency (HHV) (%) 3040 15-42 45-60 4565
Power, current status (kW) 12.5% 100P 1 D00° 1004, 152
Efficiency (%) 40 40 45 434, 50

* Alhed signal.

" Fuji electric.

“MCFC Research Association, Japan.
4 Siemens Westinghouse.

* Mitsubishi Heavy Industry and Electric Power Development, Japan (at 5 atm).

. Yamamoto / Electrochimica Acta 45 (2000) 24232435

B. C. H. Steele /J. Mater. Sci. 36 (2001 1053)

Fuel Cell Types - Fuel Processing
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Selected deposition processes

Method

Example

Spin coating

Vacuum evaporation
Sputtering

Colloidal deposition

Plasma spraying

Spray pyrolysis
Sol-gel

Electrophaoretic
deposition

Laser deposition
Electrostatic assisted
vapor deposition
Metal organic chemical
vapor deposition
(MOCVD)
Electrochemical vapor
deposition (EVD)

0.2-2 pm YSZ films on porous
or dense substrates

25 pm Y52 films on Mi foils
-3 pm YS5Z films on dense or
porous substrates

10 pm Y52 on porous MNi0y/
Y57 substrates

10 pm cathode, 220 pm
electrolyte, 10 pm anode on
porous metallic support

5-10 pm Y S5Z films on anode
substrates

YEZ films on porous LSM
cathode substrates

YSZ less than 10 pm on porous
MOV Ca stabihzed Zr0;
substrates

0.5-0.7 pm Y52 films

5220 pm YS5Z on MiQyY52Z
substrates

Y52 thin films on fused silica
substrates

Dense 40 pm Y52 layers on
porous substrates

Interfacial resistance of new electrodes by ac impedance at OCV

({enr)
Materials Electrolyte 600 *C 700 *C

Cathode Pt-557 Y52 1.25 0.14
Cathode Pt-Ag-552 Y52 0.67 0083
Cathode (Smgg5rp4)Co0-CYOAg 552 71 0.90
Cathode (Lag 2562 Co05-CG0-Ag  CGO 0.83 019
Anode  Ni-CS50 557 8.9 1.16
Anode  NiCS50 CGO 0.25 010

CYO: Cepa¥oa0h, CGO CegalGdy 20, TS0 Ceg gSmy 204,

M. Dokiva / Solid Stave lonics 152~ 153 (2002) 383-392

Materiales para SOFC

Developers of SOFC in anode-supported planar cell design and corresponding fabrication and design details

Company Country  Component Material Production process Thickness References
Sulzer Hexis CH Anode substrate  NI/YSZ Tape casting 250500 pm [25]
Electrolyte YSZNCe, YD, Reactive magnetron 5/1 pm [26]
sputtering
Cathode Lay, 681y 4Coy oFeg 405 Screen printing ns [26]
ECN/InDvec NL Anode substrate  Ni/YSZ Tape casting 500800 pm [15,16,27]
Anode NI/Y SZ Screen printing 3-7 pm [27]
Electrolyte YS8Z Screen printing T=10 um [28]
Cathode (La,SriMnO5+YSZ Screen printing ns [27]
FZJ D Anode substrate  Ni/'YSZ Tape casting 200500 pm [29]
Anode substrate  Ni/'YSZ Warm pressing 1500 pm [6,30]
Anode Ni/YSZ Vacuum slip casting 5-15 um [6,30]
Electrolyte YS8Z Vacuum slip casting 5-30 um [6]
Electrolyte YS8Z Reactive magnetron 2-10 pm [31]
sputtering
Cathode (La,SriMnO5+YSZ Wet powder spraying 50 um [6,32]
Rise DK Anode substrate  Ni/YSZ Tape casting 200300 pm [33]
Electrolyte YS8Z ‘Wet powder spraying 1025 pm [34]
Cathode (La,SriMnOs+Y SZ Screen printing 50 pm [34]
Global Thermoelectric  CAN Anode substrate  Ni/YSZ Tape casting 1000 pm [35]
Electrolvte YS8Z Vacuum slip casting 10 pm [35]
Electrolvte YS8Z Screen printing ns [36]
Cathode (La,SriMnOy Screen printing 40 pm [35]
Allied Signal usa Anode NiI/YSZ Tape casting and 100 pm [37.38]
calendering
Electrolyte Y8Z Tape calendering 510 um [37.39]
Cathode Doped LaMnO; Tape calendering ns [39]
CFCL ALIS Anode substrate  Ni/'YSZ Tape casting 500700 pm [18,19.40]
Electrolyte YSZ Lamination and 1030 pm [19.40]
sintering
Electrolyte YS8Z Reactive magnetron =16 pm [41]
sputtering
Cathode (La,SriMnOs Screen printing ns [19.40]
Mitsui Eng. and Ir Anode substrate  Ni/YSZ ns 1000 pm [23]
Shipbuilding
Electrolyte BYSZ ns 30 um [23]
Cathode (La,SrMn,Cri0s ns 150 pm [23]
Candidate electrolvte (£} cm— ¥)
550 *C 00 C FOO C BOO C 900 TC
100 pm Y52 22 0.77 0.31 015
100 pm 5572 0.90 0.26 0.099 0.046
100 pm OGO (0.59) 026 013 0.071
100 pm LSGHM 0.71 037 015 0.074

YSZ: Z1(Y )0s. SSZ: Zr(Sc)Oa. LSGM: Lag §St0.2Gag.ssMgo.s [10],

CGO: CegqsGdg 202 [9], (0.59); CepeGdg,0a [9], CRO: Ce(rare
carth)0..



grain boundary

Espectroscopia dieléctrica
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M. F. Garcia-Sanchez, et. al., submited to publication
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M. F. Garcia-Sdnchez, et. al., J. Chem. Educ. 80 (2003) 1062




Rocio Pirolitico
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Rocio Pirolitico
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Resultados en el crecimiento de capas de YSZ
T=400 8C, 1= 10min T=400 °C, t= 25 min
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M.F. Garcia Sanchez, J. Pefa, A. Ortiz, G. Santana, J. Fandifio, M. Bizarro, F. Cruz Gandarilla, J.C. Alonso,
Solid State lonics 179 (2008) 243-249.




Resultados en el crecimiento de capas de YS.

Muestra crecida a 425 °C por 10 min
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Solid State lonics 179 (2008) 243-249.



Resultados en el crecimiento de capas de Ce(
T=400 °C, t= 10min T=425°C, t= 10min
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M.F. Garcia Sanchez, A. Ortiz, G. Santana, M. Bizarro, J. Pefia, F. Cruz Gandarilla, M. A. Aguilar-Frutis, J.C.
Alonso,



Resultados en el crecimiento de capas de Ce(
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Conclusiones

*Optimizando las condiciones de crecimiento pueden obtenerse
capas densas y homogéneas de conductores idonicos con tamano
de grano nanomeétricos.

*La reduccion del tamano de grano tiene una implicacion
importante en la conductividad total del material.

Trabajos futuros

*Comprobar la importancia del tamano de grano en las
propiedades eléctricas.

*Utilizar otros dopantes tanto en ceria como en zirconia.
*Estudiar sistemas multicapas nanoestructurados.

*Crecer por la misma técnica al menos uno de los electrodos.
*Hacer una celda de combustible en capas delgadas utilizando
los materiales antes preparados y estudiar su comportamiento
en condiciones de trabajo.



