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Scope and Research Objectives
High cell fabrication yields and performance reliability

Establish materials for reliable SOFC performance
Identify key factors and tolerances of feedstock powders by

mapping to cell electrochemical reliability Cathode powder properties
Validate feedstock materials
Expand rapid and simple diagnostic approaches to predict the Morphology
performance of feed stock powders as they are received Particle size
distribution,
Targeted cathode synthesis alignment, and

Synthesize cathode powders with tailored morphology and shape
chemistry with tenable commercial process

Make Button Cells Valuable

_ _ _ _ Cell Performance Reliability
Refine lab-scale symmetric half-cell testing protocol with (short term electrochemical performance reliability)

baseline performance for statistical comparison of cathode
materials
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REVIEW:

« Validated feedstock materials

« Established materials for reliable SOFC
performance




Comparison of as received LSCF commercial powders

Perovskite symmetry and B-site second phase precipitation is variable
In commercial LSCF powders
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Quantitative analysis of SrCO; using FTIR
Detection and quantitative determination in high throughput

measurement
SrCO;4
absorbance r_JH
" srco,

1800 1600 1400 1200 1000 800
wavenumber cm™)

Routine FTIR evaluation provides
effective, quantitative and low-cost
assessment of SrCO,
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Review of as-received powder characterization
Complex chemical and morphological variations quantified

* Routine screening technigue for quantitative
assessments of...
— SrCO;, surface content, by FTIR
— B-site 2"d phase, by RAMAN

» Perovskite symmetry / strain:
— Limited effect on Sr segregation rate
— Limited effect on short-term performance
— Long term performance uncertain

(Lag 6Sro.4)xCOp 2FE0 803 5
x->1.0

(Co,Fe);0,

SrO, SrCO,

» Morphological variations, based on synthetic
approaches, result in observed variations in
second phase formation and evolution

= Storage of powder & fabricated cells may
result in promoting SrCO, formation
— Decreases electrochemical performance
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REVIEW

« Established targeted cathode synthesis by
coprecipitation in a Continuous Stirred Tank
Reactor (CSTR)
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Phase and morphology control

LSCF cathode from (Co,,Fe, 3)O, precursor
Nitrates + high temp
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Coprecipitation synthesis of fuel cell cathode precursors
Scalable, synthetic control over morphologies

Continuous Stirred Tank Reactor (CSTR) Coprecipitation of LCF precursor
Adapted from Li-ion to SOFC cathode materials At pH > 10, La, Fe, and Co as hydroxides
40
| M hydroxide
M(NO > [ carbonate
\‘ - B oxc;l)atet
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Precursors without Sr with
controlled morphologies
Add Sr during the calcination

M(NH3)f + n(NH,4)2CO3 <> My (CO3)n + mNH3+ NHj
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Review of LSCF synthesis

Managing Sr solubility, by including separately, maintain morphology
by two temperature process

» Phase pure LSCF is obtained and verified from (Fe,Co)O precursors
— Perovskite symmetry and phase purity to be determined by post reaction

= Morphological control is demonstrated
— Careful size and distribution control is now possible

= Alternative complexing agents may enable 4-cation coprecipitation
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Make button cells valuable:

* Design experimental setup based on
fundamental principles of transport
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Laboratory scale testing for SOFC electrode materials

Button cells are valuable but introduce several experimental
challenges for lab-to-lab comparison

» Fast and cost-effective
— Simple design focusing on one electrode

Symmetric half-cell — Less use of materials
SOFC cathode thickness = Widely used at university labs and early
(La,Sr)(Co,Fe)O5; LSCF  5~50 pm
Interlayer — (Ce,Gd)O, ~21pum development Stage'
Electrolyte — (Y,Zr)O, ~ 100 pum

» Challenge in fully activating cathode volume
— Isolate experimental setup from
materials/morphology factors
— Current collector design coupled with
electrode thickness
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Reliable evaluation parameter: resistance polarization

Determined by electrochemical impedance spectroscopy and comprised of
oxygen exchange resistance (R.,.;,) and bulk transport parameters
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Two morphologies to compare connectivity and porosity
Nominally the same composition and structure

powders screen printed electrodes

Sub-microscale LSFC [t e S—
(commercial procured) | ; s

Microscale LSFC
(CSTR synthesis)
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A gquick note: uniform screen-printed LSCF electrodes
Minimize physical variability in laboratory setting is critical

Ceramic ink preparation

« Planetary centrifugal mixer

« Screen print vehicle + additional
surfactant (PAA, Hexylene glycol)

* 15-30 min of mixing, 2000 rpm, without
deforming step, 6-8 zirconia balls

* Drying at 75 °C in oven.

Surface cracks
« Large volume change upon
decomposition of organic materials;
unbounded surface.
* Micro-agglomeration can be minimized:
o Slower heating rate.
o More time for settlement.
o Multilayer deposition
(Observed by others, private correspondence)
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Thickness and temperature dependence of R;
Goal to operate in thickness invariant regime

-10
gl ° 502 °C
- modeled data
-6t
At
-2- e’
0 v B
28 30 32 34 36 38
-40 2 502°C
=30
-20
-10 AAAAMMAAAA
NV 3

m‘% U.S. DEPARTMENT OF _ Argonne N
(%) ENERGY ‘25w

40 50 60 70 80

lational Laboratory is a
labor

nt of Energy laborato
IChicago Argenne, LL

J

v
C.

LE+02

[y
m
&
e

1.E+00

1.E-01

Polarization resistance [QQcm?]

1.E-02

At all temperatures, decrease with

Sub-microscale LSCF6428

o
o O o % 502 °C
T o
© e o o) 574 °C
O
4+ O
= g 0O o 645 °C
A A
A A 706 °C
0 10 20 30 40 50

Electrode thickness [pum]

thickness followed by saturation

16

1.E+03

[y
m
b
N

1.E+01

1.E-01

Polarization resistance [Qcm?]

1.E-02

LE+00 +

Microscale LSCF6428

X e s
3 AT
3 502 °C
'=x=|
o .
2N 574 °C
i :%:: nyey ST T
2 645 °C
XX X
| 3 706 °C
0 10 20 30 40 50

Electrode thickness [pum]

Thickness dependence pronounced

at higher temperatures

Argonne &



Understand role of in-plane electrical resistance
Combination of electrode thickness and current collector spacing
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Understand role of in-plane electrical resistance
Poor charge transport in plane of electrode limits activated volume
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Understanding role of in-plane electrical resistance
Calculated apparent R, with experimental in-plane p and R,
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Can porous metal current collector be beneficial?
Potential impact on surface exchange and solid-state diffusion kinetics
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Make button cells valuable
Fundamental materials properties for smart testing design

» Established in-plane effective conductivity must be understood

» Mapped design space of electrode thickness and current collector spacing
— Ensure activating known electrode volume
— Electrode thickness can lead to high variability if too thin

= Decoupled k, and D with respect to current collector
— Particularly critical when isolating these parameters
— Current collector, delivers electrons but can block sites for ORR

= Established route to use RIO as routine evaluative tool for electrodes

f%% U.S. DEPARTMENT OF ﬁrgo[n)ne National \f_aEboralo;ygs a 2 1 o

) .S, 1 't T

{Z/ENERGY U Cimrims ot rergy iaborsiry Argonne
NATIONAL LABORATORY




Thank you

This work was supported by the US Department of Energy (DOE), Office of
Fossil Energy and Carbon Management. This work is conducted at Argonne

National Laboratory supported by the DOE under contract DEA02-06CH11357,
Solid Oxide Fuel Cell Program.

Debalina Dasgupta, SOFC project manager
Shailesh Vora, Technology Manager, Fuel Cells

Use of the advanced photon source was supported by the U.S. Department of Energy, Office of Science, Office of
Basic Energy Sciences, under contract no. DEAC02-06CH11357

Use of the center for nanoscale materials, an office of science user facility, was supported by the U. S. Department
of Energy, Office of Science, Office of Basic Energy Sciences, under contract no. DE-AC02-06CH11357

rgonne National Laboratory is a
.S. Department of Energy laboratory

Argonne &
manage UChicago Argonne, LLC. rgo e

NATIONAL LABORATORY



