Understanding and Mitigating Reactivity of LSM with YSZ
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Overview: Mitigating Mn destabilization of YSZ

* Reaction mechanisms in the YSZ-LSM system are
dependent on atmosphere.” Powder mixture compacts were
annealed in air, humid air, and 10% CO, in air to study
reaction mechanisms and phase evolutions
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LSM bulk phase transition

« Annealing at high temperatures facilitates
formation of the orthorhombic (Pnma) LSM
phase for Ca-containing forms.
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-> Attributed to smaller A-site cation increasing
octahedral tilting, to enhance the effects of the
Mn3* Jahn-Teller distortion?

Transformation was observed immediately in
Ca containing samples, and gradually in the
Ca+Ni containing samples. Latter remains
unclear, perhaps Ni3* redistribution

(large J-T distortion in LS state).
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XPS peak shape ® suggests that the

chemistries tending to form the Pnma

phase have a lower ratio of Mn** to Mn3*.
- Agrees with the x vs. pO, phase
diagram generated by Mitchell et al? as
well as observations from Rgrmark et al.*

La, 45r,,Mn, ;0,4 - Mn2p

= Mn(ll) 2p 32
— Mn(ill) 2p 372
—— Mn(Iv) 2p 372

Intensity (a.u)

665 660 655 650 645 640 635
Binding Energy (eV)
La, 451, ,Ca, ,Mn, JNi O, - Mn2p

5
g \
P
s )

Mt

Lag ¢5r,,Ca, ,MnO; - Mn2p La, 451, ,Mn, Nig .0, - Mn2p
™ |

I\ | s
\ _ 7\

et

autt

—— Mn{ll) 2p 312 —— Mn(ll) 2p 312
—— Mn{l) 2p 3/2
Mn(Iv) 2p 3/2

— Mn(ll) 2p 3/2

Intensity (a.u)
Intensity (a.u)
Intensity (a.u)

|| — Mnlin) 2p 312
—— Mn(IV) 2p 3/2 1/(

665 660 655 650 645 640 635

8inding Energy (ev) Binding Energy (eV)

—— Mn(ill) 2p 3/2
/A |} Mn(IV) 2p 3/2 / \

665 660 655 650 645 640 635
Binding Energy (eV)

Water Inhibits Degradation via

Lanthanum Zirconate

La,Zr,0, formation occurs in both air and CO, rich air.56

Ni containing samples
formed the most La,Zr,0, in
both atmospheres.

La,Zr,0; did not form after
annealing for 500 hours in
humid air.

Intentional Mn diffusion profile

Zirconate Content vs Time 1350°C, 10% CO.
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* Mn shows appreciable
solubility in YSZ.5

* XRD on both sides of
the pellet indicate
qualitatively that
more La,Zr,0,
forms on the Mn
deficient side.
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+ Significant reaction was observed at the interface exposed to

YSZ powder.
+ La,Zr,0, forms as fine-grained

crystals with high contrast.

Zirconia Phase Destabilization

Mn destabilizes the cubic phase and destroys conductivity,
ultimately compromising functionality of the SOFC.":57
Increasing stability of the LSM may improve long-term
LSM-YSZ stability. - Possible with Ca and Ni additions.

YSZ peak splitting indicates formation of tetragonal YSZ or
Ca-stabilized cubic phase with different lattice constant
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Peak splitting was
not observed in
humid atmospheres
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Conclusions

» Combined Ca and Ni additions yield highest-stability LSM
* In part thermodynamic
» Potential for B-site deficient LSM to be more stable against YSZ
* Goal is to stabilize the Mn ion in the LSM — Ni addition is effective

* Mn diffusion from LSM is responsible for both zirconia destabilization
and formation of La,Zr,0,." This reaction is inhibited by water.
* Anion substitutions that force Mn to charge compensate:
OH- from humid air on OZ site

LSM+Ca+Ni Recommended for Long-Term Testing
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