Composite Approach to Tailor CTE of LSCo-based Ceramic Cathode Contact
for Solid Oxide Fuel Cells
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Introduction:

e . , 1. Effect of Mullite Volume Fraction on CTE of Model Prediction for CTE of Composite 4. Crystalline Phase Analysis
Ca.thode contact was |dent|f|ed.as the w.eakest I!nk in solid Composite LSCo Contact (oK F . . CF < LSCo:mullite=1:1 mixture pressed pellets and
oxide fuel cells (SOFC) when using ceramic materials such as . Ocomp = (01K Fy/pyta,KoF,/po) /(K Fy/py+KGFL/p,) sintered at 800°C for 12, 48, 200, and 500h in air

»* Objective was to determine optimum volume fraction (Turner, hydrostatic tension and compression only)

LSM, LSCo etc. The poor bonding strength was due to (1) . . . e
to decrease CTE without losing electrical conductivity

mismatch in CTE, (2) poor solid-state sintering at low stack

. oge LSCo-p:mullite=1:1 (mass), 800°C
firing condition. This often led to loss of ohmic contact during ~  2° WP:" as microstructure/phase Stab'!'ty _ . Olcomp = Oy + Vo(0L- 01 ) (K, (3K, +4G ) +(K,-
. o . 5 -
routine thermal cycling as compared to precious metal based ** Candidate LSCo powders were ball-milled with Mulllte K,)(16G,*+12G,K,)/(4G,+3K,)(4v,G,(K,- 2400
contact (e.g., Ag). In previous work, we have adopted po.wders at0,0.1,0.2,0.3, ancf 0.4 vo!ume fractions. K,)+3K,K,+4GK,) 2000
. . . . L0 . .
mechanical interlocking by roughening cathode surface, as well * Mixed powders were pressed into cylinders and (Kerner, including shear stress) Leao |
as impregnated zirconia fiber material to enhance the strength. sintered at 900°C4h in air to mimic stack final firing g | A_ sooh
1 1 iti 4 qc) N\_va
Both approaches demonstrated improvement in thermal cycle cc?ndltlons . K: bulk modulus, G: shear modulus, F: mass fraction, £ 1 “ | 2
stability; however, the work was focused on the low- Dilatometry was used to obtain CTE at aramp rate of .. pgjsson ratio, p: density 200 j | eh
conductivity LSM materials 2°C/min in air to 950°C, 2 samples were used for each i - g
volume fraction Property LSCo mullite a0 | JL |
. . o E (GPa) 142.4 230 0 N\, esmied
As LSCo has much higher electrical conductivity than LSM, use Typical thermal expansion behavior G (GPa) 54 93 20 30 40 50 60 20 80
of LSCo as cathode contact would likely improve cell K(GPa) 140 146 two theta
. LSCo (AR) 900°C4h sintered, 2nd LSCo (AR) 900°C4h sintered, 2nd 6 /0 No other phase was identified besides LSCo and mullite phases, implying
performance. However, a major hurdle presented to employ 0018 0.018 a (10 °/7°C) 18.1 5.5 200d chemical compatibility.
LSCo is its higher CTE (~18x10%/°C) than typical cell and o016 LG | e slosaeor | poisson ratio 0.33 0.24
metallic interconnect materials (~¥12-13x10°/°C). Such large 3 0.012 g 0.012 . . .
. h i 'd lead ( | : d/ I) S 4 5 0010 5 0.010 o 5. Electrical Conductivity at Elevated Temperature
mismatch in CTE would lead to large residual stresses an 5 oonc 5 oone 2. Measured versus Model Prediction < Sintered LSCo/mullite disc composite samples were
damage the contact bonding during thermal cycling. In FY18, £ e £ ooe : Lo
. . - - measured with Pt plates and Pt wires in 4-pt at elevated
we proposed a composite approach to tailor the CTE of LSCo- 0.002 0.002 CTE of LSCo-mullite temperatures (650-900°C) in air
0.000 0.000 -
based contact by using low CTE and potentlally inert mullite as 0 200 400 600 800 1000 0 300 600 900 19 o Compressive load was applied to ensure good contact
. . o o . . mperature (° mperature (° .
fillers. The work will be divided in three sections: remperature ) remperature ) -l
LSCo 10v%mullite 900°C4h LSCo 20v%mullite 900°C4h
0.016 0.014 S 4 conductivity of LSCo-mullite
. . . & ¢
e Effect of mullite volume fraction (0, 0.1, 0.2, 0.3, and 0.4) o oo 5 N 200 . ::z ;
: N g o010 5 180 P o © 900C ® 850C
on CTE of the LSCo composite 2 0010 2 .08 5 . - . T 160 e E160
e Electrical conductivity measurement of LSCo composite at 5o 5 0,006 g | Z 14 2 140 N —
g 0 2 008 z 14 @ as-sintered PS :'é 120 @O ° ° ° ° 'é 120 .
elevated temperatures 5 0.004 50 g ° e £
. . . . . . 0.002 0.002 13 ATurmer A g 100 e01 g 100 ¥ 700CT"#650C
* Bonding strength evaluation of joined couples on as-joined 0,000 0,000 © erner § s c02 g 80
and thermallv-cvcled ones 0O 200 400 600 800 1000 0O 200 400 600 800 1000 12 ® g 60 03 ® _° ¢ ¢ e g 60 °
y y Temperature (°C) Temperature (°C) 0.0 0.1 0.2 0.3 0.4 @ 40 ©04 L4 L4 hd hd b Q 40 4
LSCo 30v%mullite 900°C4h LSCo 40v%mullite 900°C4h volume fraction of mullite 20 'Y ® ) ) ) ® 20 ®
. . 0.014 0.012 0
Common Problem in Thermal CVCIIng 0.012 0.010 Presence of mullite showed relatively linear decrease with 500 600 700 800 900 1000 ° 0 0.1 0.2 03 0.4 0.5
§ 0.010 5 Increasing volume fraction, consistent with both model Temperature (°C) mullite vvolume fraction
cell 149, ASC3 LSM 225,225,950, 800°C cell #153 ASC3 Ag paste, 800°C § 0.008 g 0.008 predictions, implying no severe and substantial reaction
0.013 N 0:(2: ‘%’ 0.006 ié‘,o 006 occurred betV\.Ieen LSCo and mullite. S.ome deviation . S dcC lusi
0.01 AR 005 2 oos 5 0.004 observed at highest V,=0.4 for the as-sintered composites. ummary an onciusions
AL ‘AQAA‘. "::: ., 3 5 ° ° . .
s}“@?,;ﬁ’/ e oo 0.002 0.002 1. Sintering study of LSCo-mullite mixture showed some
e X e el I L I o0 £ oo - 3. Effect of Ageing on CTE retardation of sintering behavior where the onset
Ak ‘A'. : . : . : 0,005 0 0.02 0.04 0.06 0.08 4 0 200 400 600 800 1000 . . . . . .
ous it Temperature (°C) Temperature (°C] CTE of LSCo-mullite temperature of shrinkage slightly increased with increasing
el ‘s T an oow :
s sdth  aSth  s6th o9t _;m bt oo Presence of mullite showed decrease of linear expansion with increasing ®0 ©0.1 ©0.2 ©0.3 ©0.4 mullite content.. . . .
oo Ohm o volume fraction. In addition, the filler may also retard the intrinsic 1 2. Thermal expansion results all showed linear behavior with
densification of LSCo at ~900°C. Average CTE was therefore calculated up to o © ° L4 . . .
EIS of single cell testing with a ceramic contact (left) and a precious metal (right) 900°C. e temperaturel suggestlng no substantial reaction between
shows the typical ohmic degradation from thermal cycling. s wv_ ° o g LSCo and mullite.
Composite sintering behavior § . i 3. Adding mullite into LSCo can greatly reduce CTE of the
l_ L]
LSCo-20 AR debindered s B ? composite from ~18x10°/°C (v,=0) to ~12.1x10%/°C (v.=0.4).
0.02 g ue 4. Measured average CTE was found consistent with model
_ ool 13 * ? predictions with largest deviation of ~7% at v;=0.4.
2 0.0 2% * . 5. The average CTE remained fairly constant over 500h
5 oo 11 isothermal ageing at 800°C, implying good chemical
& 0 100 200 300 400 500 600 e ene .
= o compatibility between mullite and LSCo.
o hrs @ 800°C 6. Electrical conductivity showed decreasing behavior with
Matching fracture surface shows the weak link of LSM contact (left) at the LSM e e .. . . . . .
cathode surface (right) of a cell in stack fixture test. Note the LSM contact -0.04 ’ o o [ ’r I:fo é::r;:ilsiiﬁ::ﬁ;&: |::r:c;v:sei¢:err;|:;rrn:£: l:: :?re sComposite 'ncreasing mUI!Ite content. .
o o Lo cahode sufce due b et o o v s i v T 7. Future work will be focused on contact strength evaluation
normal sintering of LSM at ~1100°C. Presence of mullite showed decreased densification with :&Obl}eagemg. Overall, the composite appears thermally and microstructure analySIS'

increasing volume fraction of mullite.
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