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Objectives

e Understand the details of the major SOFC continuous degradation effects

e Develop models that predict single degradation phenomena

e Transfer the physical-chemical models to electrochemical models

e Re-assemble the single effect models to a full SRU life-time prediction model

Approach

e dis-assemble the SOFC single repeating unit to model elements
representing single degradation phenomena (anode and cathode compartment)

WP1: anode side phenomena : l Sffect details
WP3: modelling

)

WP2: cathode side phenomena A e ication

WP4: stack test &
model application




Main topics (degradation mechanism)

WP2: cathode side phenomena

the stability (chemical, kinetic and morphological) of state of the art cathode
materials (impacting the cathode activity)
processes at the cathode-interconnect interface

(impacting electrical continuity and chemical composition of components, thus
their electrochemical performance)

WP1: anode side phenomena

morphological change in the anode cermet
(impacting on anode activity and electrical continuity)

nickel-steel corrosion (impacting on electrical continuity and conductivity)
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Generic test matrices

_ 1st selection alternative _ 1st selection alternative
steel interconnect Crofer22H Crofer22APU steel interconnect Cr5Fel1Y203 Crofer22H
contact element Ni mesh contact element Ni mesh
anode substrate Ni/YSZ cermet anode Ni/CGO cermet
cathode LSCF (w/ CGO barrier) cathode LSM/YSZ

MG o s md o an BC | aw md

on
temperature (°C) 700 . 750 800 temperature (°C) 800 850 900
« state of the art materials used by industrial project partners
current density 35 . 0.70 current dénsity 0 0.35 0.70
(A/cngnhd other major stack 8|'eve|opers (A/cm?) ' '
fel availability of matérials Atomponent® | fuel H, 7 S 10
composition H,0 3 80 45 60 composition H,O 3 80 45 60
mol % mol %
( 6) CH, - : - 30 | ) CH, - - - 30
air humidity 0 3 air humidity 0 3

All tests to be performed on at least two identical samples, preferably simultaneously!
Test durations: 0, 300, 1000 and 3000 h. Sample extraction for post-test analyses.



WP1: anode side phenomena

Nickel Agglomeration and Volatilization Issues

ASC matrix: Ni/YSZ cermet
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WP1: anode side phenomena

Nickel Agglomeration and Volatilization Issues

YSZ PSD
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WP2: cathode side phenomena

Time dependences of conductivity of LSM cathodes
exposed at 900°C in 4.4% humidified air

LSM interface area
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WP2: cathode side phenomena

Time dependences of conductivity of LSM cathodes
exposed at 900°C in 4.4% humidified air
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WP2: cathode side phenomena

Interface resistance of interconnect w/ protective coating

CFY 900°C  dryair

0 200 400 600 800 1000 1200 1400 1600 1800 2000
ITRRRIRENI RRRNE RRRRENRRRU NN FRRRE RRNRINRRRARTRRE RRRNARRUNANERT]

305107 e Lol !
3 [Seriesl:
283 | ' CFY3, run until 3000h
26 1 | W CFY2, removed @1000h
E CFY1, removed @300h
24 5 |Series 2 = * = started after 1000h E
22_2 m CFY1*, run until 2000h s
B CFY2*, run until 2000h
204
g 18 3 e s -
_gls 3 l/ "—"—'
1 / -~
12 7 l'/ o ]
J o~
=
8 B / [
W/ -
14
23
4
0 LN RR R N RN NN RN R RN NN RN RN NN R RN S RN NN NN RN R RN RN AR R R R RN RE N AR
0 200 400 600 800 1000 1200 1400 1600 1800 2000
time

AN EEEEEREERRE]
S N e o @

Lo 30x107

2%
Eo2

E 20
C1s
E 16
Fu
12

parabolic dependence
=>» oxide scale growth

0 5 10 15 20

25

30

35

40

50

AT A RN WS B W E R U S F
3= CFy3
B2 m CFY2
26 3 CFY1
1| m Crylr
24 CFy2*
22 5 ;
20 3 P
"g 18 7 /
£ 16 P /
TE /,.-“' e
12 /,/ ssss
10 3 g 2
] ~
8
0 5 10 15 20 25 30 35 40 50

sqrt (time)

— 30x10°



WP2: cathode side phenomena

Interface resistance of interconnect w/ protective coating

Crofer22H
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WP3: modeling and verification

Localization of effects:
ASC with segmented cathodes
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Dissemination & public awareness
e website under construction
e workshop on SOFC degradation to be held in 2013

Technology Transfer / Collaborations

» direct use of results by participating industries and SMEs
 data from Real-SOFC, SOFC600

* German project on SOFC Degradation to start March 2013



pre SOFC-Life

6th FP project
Real-SOFC (2004-08)
Understanding and

reducing degradation
of SOFC stacks

milestone 2008:
2 stacks 10,000 h of
continuous operation
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post Real-SOFC
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post Real-SOFC

cell voltage / V
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post Real-SOFC

cell voltage / V
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