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Motivation: How do we identify and improve physical
processes limiting electrode performance?
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The Problem

Current electrochemical techniques are limited in the
Information they can provide.

Difficulty isolating the electrode in a meaningful environment.
Limitations of impedance spectroscopy (i.e. “interpreting blobs”).
Lack of models linking performance to properties, microstructure.
Inability to implement broadly in a development environment.



Our Approach

* Microelectrodes for improved cathode measurements

— Better resolution and isolation than standard half-cells.
— Allows testing under more realistic conditions.
— Higher experimental throughput via. miniaturization.

* Analysis of nonlinear harmonics (NLEIS, EFM)

— Helps identify physical processes via. nonlinearity.
— Broader spectrum of information without more experiments.

e Mechanistic modeling using finite element analysis

— Quantitative evaluation of proposed mechanisms (based on data).
— Includes nonlinear and 3-D effects.
— Links performance to properties and microstructure.



Materials of Interest

Porous Perovskite Electrodes.
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Purpose of a half-cell measurement
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Typical Experimental Goals:

* Measure voltage loss associated with a particular electrode
In an operating fuel cell.

e Test an electrode under a current load in a particular
environment.

* |solate the electrode frequency response (impedance).



Reference Electrodes are Prone to Error on Thin Cells
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Error Includes Distortion of Impedance Spectra
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Principle of a 2-D “strip” microelectrode
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* Representative materials.
« Ability to test at high bias.
 Reduced IR and inductive effects. Mty

« Multiplicity through miniaturization. . ”"J:‘”;,m};jqﬁ;” e
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Phase 1 Cell Design and Implementation
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Search for a Better Mask Material

electrode Problems with MgO/spinel:
material
_  Voids allow some electrode contact.
MgO/spinel « Must be >50 micron thick.
(“boulders’) « Must align multiple layers.
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Mask Resistance
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Preliminary results with LSCO on SDC.
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Verification of Microelectrode Overpotentials

Procedure:

1) Measure i-V characteristics of
microelectrode.

2) Subtract iR losses (based on
impedance).

3) Add anode and cathode OP.

4) Compare to V(i)-IR for a full-
sized symmetric cell having
the same electrodes.

Conclusions:

« Sum of anode & cathode
OP’s yield values close to a
symmetric cell.

 Anode and Cathode OP’s
have behavior consistent with
literature observations.
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Applications and Future Work

* Incorporate Microelectrodes into our perovskite electrode studies.

- Mechanistic studies employing controlled microstructure.

- Development of tailored microstructures for improved cathode performance.
- Co-development of NLEIS and EFM.
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How Electrochemical Impedance Spectroscopy (EIS) works
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Plus: EIS facilitates separation of complex \iseas
overlapping physics via. time scale.
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What are harmonics, and why measure them?
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 All nonlinear systems generate responses at multiples of the
excitation frequency (harmonics).

* The magnitude, sign, and phase of the harmonics are highly
sensitive to the details of the underlying physics.



Types on nonlinear harmonic measurements

Nonlinear Electrochemical Impedance Spectroscopy (NLEIS)
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Our apparatus for NLEIS and EFM measurements
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How NLEIS Data is Acquired and Processed
(example: LSCO on SDC at 750°C in air, 10 Hz)
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How NLEIS DazLis Acquired and Processed
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Gaussian Fit to Determine Magnitude and Phase
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Harmonic Response of LSF-82 on SDC at 750°C
(symmetric cell)
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Possible sources of nonlinearity in a perovskite cathode.

Dense Thin Film
Mixed-Conducting Electrode
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Can be solved in 1-D, 2-D, or 3-D
using Finite Element Analysis (FEA)




Numerical FEA Modeling of Porous LSCO on SDC
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Applications and Future Work

NLEIS measurements on half-cell LSF/SDC microcathodes.
— 2nd and 4th harmonics.
— Higher S/N and reduced inductive effects at high frequency.

Measurements and modeling of patterned electrodes (collaborative
with PNNL and U Houston).

Application to developing new materials and microstructures for
cathodes (joint with MSE at UW).

NLEIS as an alternative method for characterization and diagnosis

of cells/stacks, with no additional experimental effort/time.
— Look at materials in industrial development.
— Build a database of characteristic behavior.



Summary

» Microelectrodes potentially offer a more reliable vehicle for
both measurement and development testing.

* It may be possible to use microelectrodes for for design-of-
experiments or other combinatorial applications.

* NLEIS appears to be a promising method for both electrode
analysis and characterization/diagnosis of cells/stacks, with
no additional experimental effort/time.

* These tools will be used in subsequent work to develop a
deeper understanding of electrode mechanisms, and new
materials and microstructures for cathodes.
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