_—

Desarrollo de nuevos materiales de electrodo para
pilas de combustible de doxido sodlido
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Research Lines at ICMM

Biomaterials and Bioinspired Materials
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New Architectures in Materials Chemistry




Energy Conversion, Harvesting and Storage Group

Synthesis and Characterization of Materials for...

- Fuel cells (SOFC)
- Liand Na batteries (all-solid state)

- Hybrid perovskites (solar
harvesting)

- Thermoelectric Materials

- Spintronics: CMR
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Asensio Arino, M2 Carmen - Research Professor
Sobrados de la Plaza, Isabel - Research Scientist
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Cascos Jiménez, Vanessa - Postdoc researcher
Gainza Martin, Javier - Postdoctoral researcher
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Working line on Hydrogen technology

 Solid Oxide Fuel cells (SOFC) and electrolysers (SOEC): Design and
synthesis of novel electrodes and electrolytes; implementation in
test cells.

* Developments of novel metal hydrides: ex. Perovskites with H
prepared under high pressure condtions (NaMgH;) or Mg-rich

hydrides: Mg,FeH Structure-
2F€Hg
. . . . properties
 Structural characterization by neutron diffraction, XAS...: structure-

properties correlations o <
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Materials for energy conversion:
electrodes for fuel cells

Many oxides that have been traditionally studied for threir
magnetic of transport properties find applications, with subtle
modifications, in energy conversion devices: SOFC.

We have developed new electrodes based upon SrFeO, 5, LaNiO;,
Sr(Ba)CoO,_5, or SrMoO;, with huge electronic conductivity and
oxygen diffusion.

SrCoqgsRUg 0503, LaNip Mo, ,05, Ko 1SrpoFe0;5, SrMog gFeq 105 ...
are stable at the working conditions of a SOFC and deliver power
densities up to 1100 mW/cm? as cathodes or anodes in single
fuel cells with H, as fuel.
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Cathodes: SrCoO, s Polymorphs
Cubic phase (C)

—_

eHigh electrical conductivity @
eHigh oxygen permability

eLow thermal stability — *Not suitable for SOFC

*Not stable at high T (>6002C) ‘
eCracking problems on heating and cooling

eStabilization of a cubic perovskite stable at the working T of a cathode in IT-SOFC
(650-850 °C).

*Doping the Co positions with a highly charged ion (Sb>*, Nb>*, Mo°®*...), prevents the
formation of competitive hexagonal 2H phase

*SrCo, ,Ru, O, 5

Chains of CoO, octahedra
sharing faces de-stabilized
by repulsion among highly
charged ions




Intensity (a.u.)

Crystal structure of SrCo, ,Ru, O, 4 (x=0.05, 0.1, 0.15)

Synthesis by citrates techniques
(Soft Chemistry) followed by
mild temp. treatments

SGoD,, B XRD, CuKa
1 _ = 9 T= 25 C
= F A
SrC0; 65RUG 05055
B X A A
SrCo, gRU, 1 O4; No hexagonal
) L | phase
SrCo, g;RU _%03_5 g 3 ] Cubic to XRD
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Intensidad (u.a.)

True tetragonal symmetry by neutron powder
diffraction

7000

1 NPD, A=1.594A
60004 RT, P 4/mmm
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Layers of Co10, octahedra alternating with Co20,
deficientin O.

Oxygen vacancies and large thermal factors—=> high
mobility of 0%



Intensity (a.u.)

Crystal stucture evolution of SrCo, sRu, ;05 4 by “in situ” NPD

”SrCoo_gRuO.103_5, T=300C
NPD, A= 1.594 A

P4/mmm

WSrCoo_gRuO.103_8, T=800 C
1 NPD, A= 1.594 A

40 | 60 | 80 -160-1é0-1‘.10-
20 (deg)

Phase transition between 300 and 600°C

Oxygen deficiency decrease from
SrCo, 4Ry, ,0, 5;at 25°Cto
SrCo, 4Ru, ;0; -, at 800°C

Huge amount of O vacancies

Unit-cell parameters (A)
‘©

Oxygen content

Biso (A2)
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Setup of a SOFC single-cell

O:uptake Cathode

Al,O; cap
Seal /

I— 1" 1som

\ pellet
Cathode. ﬁ?lde'
Air flux / Glass ring o

Anode
Alumina
tube
CL. R.E. S W.E.
” Lag §Srp2Gag isMgp 17055 (LSGM)

Anode y Cathode deposited on LSGM
pellets (300 um)

Ho input H: output




*Setup of a SOFC single-cell

* Working T between 700 - 850 °C.

* Anode fed by pure H,; cathodic side open to air
atmosphere




Cell Voltage (V)

Cathode performance in test SOF-cell

eElectrolyte supported configuration, with LSGM (300 pm)
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* Novel anodes: derivatives of SrMoQO;,

* Metallic behavior
e High electronic conductivity at RT (o= 10* Scm™)

 Stable in reducing atmosphere (Mo(IV)) > easiness to
incorporate oxygen vacancies

* Mo suitable to catalize fuel oxydation

e Stoichiometric oxide

* No diffusion of oxygen ions—> Low ionic conductivity

*Cubic phase (arystotype) l
* Not suitable for
IT-SOFC
*WE AIM

* Chemical Susbtitution in SrMoO;, with aliovalent B elements (SrMo,_B,O; s) = introduce
oxygen vacancies = mixed ionic-elecytronic conductor, useful as anode in SOFC

*B=Fe, Cr, Ga, Mg...



Parametro de red (A)

*SrMo,_Fe O; s: crystallographic characterization
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SrMo,_Fe O, 5: reversibility, thermal expansion and performance in SOFC
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Ni-Sr, Mo, ,O; 5: Segregation of Ni nanoparticles
upon reduction
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Voltaje (V)

Ni-Sr, ;Mo, 403 5: single-cell tests and SEM post-morten
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Using NH; as fuel for SOFC
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Preliminary results:

A test cell with

SrFeg 5C0g 45RUp 0503 as
cathode and
SrMo, Fe, ;05 as anode
directly fed with NH,
delivers comparable
power density as with
H, at 850°C.




Conclusions

* The cubic phase (3C) of SrCoO; 5 has excellent calalytic propertie
for O, reduction, as well as O% diffusion, may be stabilized with
suitable doping of Co (by highly-charged elements) and
outperforms as cathode in SOFC.

* Perovskite-type oxides derived from SrMoO, can be suitably
modified to make good anode materials for SOFC, advantageously
replacing conventional cermets.

* Anode Materials with exsolved Ni nanoparticles exhibit a
significant catalytic activity for H, oxidation, in Ni-Sry Mo, 404 4

* Test fuel cells directly fed with NH; exhibit comparable power
densities as those fed with pure H, at 8502C, with SrMo, 4Fe, ,0;
as anode material.

* Neutron diffraction is a powerful tool in the characterization of
energy-related materials, helping to establish structural features
related to the performance as electrodes, in MIEC oxides.
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