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VotivVatlenrrer LBNL Work

+ Use off metaiinterconpecisintroduces proklems of
Cr, 05 scalergrowisanuseiavelatilization on cathode
Side

+ Lower temperatlereperaen reduces scale growth
problem

+ Lower temperatireroperation permits the use of TEC
matched brazersealstunderRdevelepment at LBNL

+ LLower temperattie epeErRaben reduces electrode
PErermMance; NeWEVER PEROHMANCE can e
significanty mpreNvecNey: caialyst infiltration

+ Single-steprelecirodenmilabenunder development
at LENIESaliovwWsSHieVEIRCE] Rmcilicacttie
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SamplerPreparation

+ Baseline testSie opENVItgr99r8% Cr, 0

+ Cr,05 samples 108 10 % 6 mm, ground
and pelishedMiithaNerSHlmrdiamond paste

+430 SS (Fe-16CK) 15 x 14 x 0.6 mm
groundrand pelisned Wit 0.5 [um diamond

+ Some SS alleysisamples coated with LSM
(Lag g55ry sMnO5L ) er MnCo,0,

+ Coatedl andiuceated alloy, samples pre-
oxidized airSOBIEEH Gl SO IBUKS






Cr transpeiEsas a function of
CarrerGaesiEiowiRate (Cr,0x)
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llemperaEeNpependence of Chremium
\/aponzationNerEeIsOsEXPesed to Moist Alr
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ConthelNeiREIVaporization

(b) 430 + LSM 430 + MnC0,04

10 um
alloy , scale alloy , scale, coating
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Asymmetgecrseale Growth

Under@urrent

| Noen-tuniform
Toshio Maruyama, Tokyo Inﬂuuarbfdistribution
|

Techrilogy, SHligh TeinpgLatyre Qxidatigin

and HEdrogen Permggtion of Alloys for

Interc@nects of SO
H,/H,O O,/H,0

D. Va@@Essendelft an@ DIR. Mumm, U

Irvine JOxidative De@adation of Metal-

Ceranfic Interfaces ofiHigh Temperatur

Electrochemical Systgms |

\ Min,O,, coating



Infiltration Approac

Precursor Solution

Porous Structure

--A low-temperature processii
technique

. -rAllows use of electrode material
| unsuitable for high-temp fabricat

| -rCreate nano-structured features



proving LSM-YSZ
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Temperatura (°C)
700 600 500
] ] i

SMQ,QSfo,chO.g.J

L2y 5815 sMn0s

K: Oxygen Surface Exchange Coefficient
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thesis of SSC at Low T¢

Urea+Nitrate




Images of Fractured LSM-YSZ

SEIV 50kV  X30,000 100nm




educes Cathode Polarize

LSM-YSZ
LSM-YSZ with infiltrated LSM
LSM-YSZ with infiltrated SSC

ReZ (ohm*cmz)

Rp: Cathode Polarization Resistance

L
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lete Infiltration of S
Porous YSZ in a Si




Backgrour

YSZ YSZ YSZ

YSZ Perovskite
La,  Sr FeO; etc.

L
Electrolyte

Electrolyte

J. M. Vohs, and R. J. Gorte, J. of Electrochem.

*Require multiplennpfiltrationstepsitoraddisuifici t material for
percolation throughRNPeLOUSNSZNEIWOIKS
*Randomly-distribute JmszerzJ decreases porosity and may
impede gas-phasediffusion

]



One-step
YSZ YSZ YSZ YSZ

Elecirolyie Elecirolyie

+One-step infiltration to form
cost-effective electrodes

+Nano-sized materials distributed
in a mono-layer fashion
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SEM Image of a S]rJgJe—S';r.eo
|

Intiltrated

SEI 5.0kV .X2_.300 10um WD 6. 1Tmm



M Image of an LSM
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Performance of SOFC with Sin
Infiltrated LSM-YSZ Cat

650 °C Operation
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Stability of the LSM-YSZ Cathe

WD B 1mm

100nm

5.0kYV  X30,000
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[NDevelopment at LBNL

o

Porous YSZ
Dense YSZ

Braze alloy

90 Ag/10 ZrH2
Porous steel support

A'Gﬂ

SN~

#5100.00 pm/div
-

+ Agl braze seals
thermal cyelin

+ New: braze: sea
steel suppPot;
thenrmeal r/(Jes

+ Braze sealfexnipitsrexceponeal sl

]
Lo oXxIGationy
]

S\Z and stainless
md\?fter 100s of

t\zand IS stable



A 15
Porous YS U SZNIN=film/Y'SZ electrode



Chromium velatiliZzatieniinem CI5 08 exposed to moist air at
700 te 900reCiIsianorderoimagpttde lewer than expected
rom thermoedynamiccalcilainens:

Coatings are’ effiecuvepnysicaliloarriers: to) Cr Vaporization
from metal IntercennecisIeXxpPesediter molst air (factors of 3 to
30 reduction| elsserved e PerRelS Coatlings)

Incorporating nane-SiZzed Sigiy sSiiy 005 - particles into LSM-
YSZ cathoedes dramatcaliylmpreoves cathede and cell
performance at oW temperatures:

Due to the uniguerdistruiten e SSE particles In the cathode,
they appears vVenry resistanit tor cearsening at 700°C.

SOEC cathoedes (€.9. LSMEYSZ) canl lbe efifectively fabricated
usingl an single-stepiphitaton appreach.

Single-step miiltratieonrled toNmanessized LSV coevering the
surfiace ofi poreusiSzZnetworksinia monolayer distribution;
performance atiow tempeEratiifenwas guite good.

The developmenioifsrazessealstatitBINIE that: are thermally
matched withrYSZaneistailRplessisi Jrel ek pramising.

Single-stepimiilthZoRiaRneNEZE se:llals may/ lead te lew-cost
SOECs.
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