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SOC DEGRADATION 2.0

Improving service life of solid oxide cell (SOC) stacks / components

l Electrolysis (SOEC) and reversible (rSOC) operation l

» Investigation of degradation mechanisms of state-of-
% % the-art materials adopted from SOFCs:

soc e.g. Ni cermet fuel electrode, 8YSZ electrolyte,

Degradation

LSC/LSCF oxygen electrode
e Substitution of state-of-the-art materials

8YSZ = 8 mol% Y,0; stabilized ZrO,, LSC/LSCF = La-Sr-Co(-Fe) oxide
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DEGRADATION MECHANISMS OF THE FUEL ELECTRODE DURING HIGH-
TEMPERATURE ELECTROLYSIS OPERATION

Degradation mechanisms
’ Ni migration

’ Ni agglomeration/coarsening

’ Segregation of impurities

*a: Carolin E. Frey et al., J. Electrochem. Soc., 165 (2018)
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8YSZ electrolyte

Ni cermet fuel electrode

Ni

Ni cermet support

Ni migration away from the electrolyte/ fuel electrode
interface after SOEC operation 2
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PEROVSKITES AS BASE FOR ALTERNATIVE FUEL ELECTRODES

Lag 355706311055 Lag 6Sro.3sF€osMng, O35
(LST) (LSFM)
Sro.08Tlo.7F€0303.5 &
Sr; ogFENDOg 5 Sro.98TlosF€0503.5
(SEN) (3STF & 5STF)
. . . . . 2.0 |
Figure: https://www.princeton.edu/~cavalab/tutorials/public/structures/perovskites.html -22.05.22 '
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CHEMICAL STABILITY IN 2.9% H,/Ar @ 850 °C FOR 5 h

LST = Lag 355756311035

LST reduced
—LST

Intensity [a.u.]
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No apparent change in the XRD pattern of LST
after the reduction

Member of the Helmholtz Association

5/31/2023

Franziska Winterhalder, FZ Julich — IEK-1, f.winterhalder@fz-juelich.de

Intensity [a.u.]

)

SFN = Sr; osFeNbO ;

SFN_reduced
— SFN

60 | 70 | 80

26 [°]
No apparent change in the peak position; slight
changes in the shape of the peak tips of SFN after

the reduction
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CHEMICAL STABILITY IN 2.9% H,/Ar @ 850 °C FOR 5 h

3STF = SryggTip7F€0 3035

3STF_reduced
— 3STF
* Fe
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Formation of peaks matching Fe and few other
secondary phases after the reduction of 3STF
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SSTF = Srj g Tlg sF€0 503 5

—— 5STF_reduced
— 5STF

% Fe
® Sr-Fe-
oxide

Intensity [a.u.]
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20 []
} Formation of peaks matching mostly Fe and Sr-

Fe-oxide secondary phases after the reduction of
5STF

e ‘JJULICH

Forschungszentrum

Degradation




CHEMICAL STABILITY IN 2.9% H,/Ar @ 850 °C FOR 5 h

LSFM = La, ¢Srg 3sF€9 Mg 2,05 5
LSFM_reduced
— LSFM

LST & SFN show the highest

{>chemical stability under the tested
““'"wL-gJM ~ conditions

Exsolution of metallic Fe particles
on the electrode’s surface might be
beneficial regarding the performance

WL_J\ J A A l\ : A_ of the material
| 4IO | 5|0 . 6|0 . TIO | 8

Intensity [a.u.]
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20 [°]
Significant changes after the reduction of LSFM; formation
} of Fe-Mn, Sr-La-Fe-oxide and layered Sr-La-Mn-oxide

secondary phases; loss of original perovskite phase
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COMPATIBILITY TESTING BETWEEN THE PEROVSKITES AND 8YSZ

Imitation of manufacturing process of electrode-supported cells using 8YSZ as electrolyte material

Mixing of Pressing of
perovskite + powder mixtures
8YSZ electrolyte (uniaxial, samples

material (50:50) @ 10 mm)

Sintering of
samples @
1400 °C for 5 h

Evaluation of

SEM analysis of SEM results -
sintered samples secondary !

phases formed
@
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COMPATIBILITY TESTING BETWEEN THE PEROVSKITES AND 8YSZ

Sr, sFeNDO, 5 + 8YSZ
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Minor reaction in form of interdiffusion
(Fe, Sr, Zr)

)

SEM images by Dr. D. Sebold (FZ Jilich, IEK-1).
Member of the Helmholtz Association

5/31/2023

Franziska Winterhalder, FZ Julich — IEK-1, f.winterhalder@fz-juelich.de

SFN- based
phase

YSZ-based
phase

D Ay Y
.Q"g‘."‘" “s“‘n &

i :!é? 'w..l*ﬂ:.z"u_ YSZ-based i:;
o’ G h.* £ ":E‘ ¢ S - .‘. B

PN SRR KR phase 3
e Y AT . 4
.(‘%.. v “ ?, 5 Q‘ ¢ q E_-:
-3 ‘}' “"“3 avalil f‘:'. 441 YSZ-based
Y‘ s 2 A “z| phase
PREAREY 45
o R )
.'A».."o Q_b‘ ":d;!; & ,:‘J

- > 2
; i’ sv;.s : 10 um -

o

P ;-,7“:’/?!&-&' :"‘l '! ..:« :,'\s‘eq_:‘ ;-"‘.;--‘.l?r,.:‘] ' -

Minor reaction in form of interdiffusion
(Y, La, Sr, Ti)
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COMPATIBILITY TESTING BETWEEN THE PEROVSKITES AND 8YSZ

E P G YSZ-based ~ L
phase YSZ-based
phase
STO-based STO-based
phase
phase
Fe- based
phase Fe- based
phase
Minor reaction in form of interdiffusion (Fe, Ti, _ . _ e
. Minor reaction in form of interdiffusion (Y, Zr, Sr,
Zr, Y, Sr) & formation of Fe-based secondary . .
phase Ti) & formation of Fe-based secondary phase
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COMPATIBILITY TESTING BETWEEN THE PEROVSKITES AND 8YSZ

Lag gSro.4FeosMng, O35 + 8YSZ
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LSFM-based
phases

Fe + Mn-
rich phase

Reaction in form of interdiffusion (Mn, Zr, Y, Fe, Sr,
La) & formation of Fe+ Mn-based secondary phase

SEM image by Dr. D. Sebold (FZ Jilich, IEK-1).
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(Minor) chemical reactions for all 5
powders with 8YSZ electrolyte @ 1400 °C

Use of a barrier layer between electrolyte
and electrode necessary
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8YSZ substrate
25x25 mm? (Kerafol®)

Application of a
Ce; sGd, ,0,._5 barrier
layer (BL) at the
electrolyte/ electrode
interface

Vv

Application of 5STF
electrode via screen
printing

First sintering step: up
to 750 °C for 2h for
removal of organics

v

Second sintering step:
up to 1050 °C for 4h

ELECTROCHEMICAL ANALYSIS OF SYMMETRICAL ESCs USING 5STF AS
ELECTRODE MATERIAL

Impedance parameters
OCV condition @ 800 °C
Frequency: 0.01 Hz to 1 MHz

Atmospheres:  50% H, + 50% H,O &
97% H, + 3% H,O
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Electrochemical
analysis via impedance
spectroscopy
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GDC barrier layer
8YSZ electrolyte

GDC barrier Iaier
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INFLUENCE OF OXYGEN PARTIAL PRESSURE ON CELL RESISTANCES

Nyquist-plot of pre-reduced symmetrical ESCs with and without a GDC barrier layer (BL), measured at OCV at

800 °C
6
_ © b&STF_50%H, © 5STF+BL_50%H,
g e OG5STF_97%H, e 5STF+BL_97%H,
£ 5
K
O,
N
0
0 30
Pre-reduced = heated up + 0 0
holding time at 800°C in 97% Cell type R, @ 50%H,/H,O | Rp @ 97%H,/H,O
H, before measurement With BL ~2.90 Q-cm? ~0.70 Q-cm?
5STF = Sl esTiosF€0505.5 .
987 05" =0 t BL |=6.00 Q-cm? =~4.40 Q-cm?
GDC = Cey .Gy .0, 5 Withou 0 C
Electrochemical testing by Dr. Y. Farzin (KIT, IAM-ET). 28 ‘ ’ J U L I C H
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INFLUENCE OF A NIO CONTACT LAYER ON CELL RESISTANCES

Nyquist-plot of pre-reduced symmetrical ESCs with GDC barrier layer with and without a NiO contact layer (CL),

measured at OCV at 800°C

1.0
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v

Pre-reduced = heated up +
holding time at 800°C in 97%
H, before measurement
5STF = SrgegTigsF€05035
GDC = Ce(Gd(,0;. 5
Electrochemical testing by Dr. Y. Farzin (KIT, IAM-ET).
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INFLUENCE OF A NIO CONTACT LAYER ON CELL RESISTANCES

Nyquist-plot of pre-reduced symmetrical ESCs with GDC barrier layer with and without a NiO contact layer (CL),
measured at OCV at 800°C

1.0 | —e— 5STF+BL+CL
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NiO contact Iaier
v GDC barrier layer
8YSZ electrolyte
Pre-reduced = heated up + Cell tvpe R R GDC barrier layer
holding time at 800°C in 97% yP P Q
H, before measurement With BL ~2.90 Q-cm? ~13.20 Q-cm? NIO contactlayer
SSTF = SfossTlosM €050z With BL + CL |=0.06 Q-cm? | =0.60 Q-cm?
GDC = Ce(Gd(,0;. 5
Electrochemical testing by Dr. Y. Farzin (KIT, IAM-ET). ) ‘ J U L I C H
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SUMMARY

Chemical stability under
reduced conditions

Compatibility with 8YSZ

electrolyte

——5STF

—— 58TF_red.5h

38TF<+ ¥
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LST & SFN chemical stable

>

in tested conditions

_ Exsolution of Fe <>
- possible enhancement?
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Electrochemical

measurements using a 5STF

electrode

58TF+BL+CL
® 5STF+BL

5
Z' [Ohm cm?]

Barrier layer between

electrolyte and electrode

SOC
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necessary

Contact layer between

. electrode and current

collector necessary
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