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SOFC bevelopment
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Novel Integrated Approach and Objectives

Phase I:
« Achieve the highest power densities of 1.5W/cm? at 800°C
« Achieve a degradation rate of 0.4%/1000hrs under realistic operating conditions
with simultaneously present, MULTIPLE impurities at the cell level.
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ICME Approach at Materials Level
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Modeling Prediction Capabilities
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Literature review

¢ Impact of gas impurities on different cathode materials
» LNO (promising cathode)
v Mixed Ionic and Electronic Conductor
v Good performance at intermediate temperature

v" Higher resistance to some impurity, e.g. CO, - Lowercost

+ Corrosion resistant
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Modeling results So Far

« Thermodynamic database available for LNO
« Individual parameter study (T, 02, CO2, Cr)

« Multiple impurities will be considered 12 P(0)=021 T=1000C
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Experimental Plan (Thermodynamic Stability)

¢ Impact of different gas impurities
v" Single impurity

» CO,

» H,0O

> SO,

» Cr
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Experimental Investigation (Cell)

_.— LSF Cathode Current Collector (~45 pm)
_— LSM Cathode Current Collector (~ 45 pym)

LSM-YSZ Composke Cat (=30 pm) - LSF-GDC Composte Cathode (~30 pm)
~ = -

-~~~ GDC Barrier Layer (~6 pm)

‘\ ~
YSZ Electrolyte (~8 pm) " YSZ Electrolyte (~8 pm)

\ Ni-YSZ Anode Functional Layer (~10 pm) Ni-YSZ Anode Functional Layer (~10 ym)

~
S =
Ni-YSZ Anode Substrate (~750 pm) " Ni-YSZ Anode Substrate (~750 pm)

LSM-based cell structure

LSM Contact Paste (~20 pm)

LSM (~45 pm)

LSM + YSZ (~30 pm)

s i 2V : YSZ (~8 pm)
Q ‘ Ni+YSZ

02)0.95"
p Ye

C




Pls PREVIOUS SUCCESS ON LONG-TERM DEGRADATION

Cr Poisoning,of Cathode in Dry and Humidified Air by Co-P1 Srikanth Gopalan
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Electrochemical Degradation (Benchmark)
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Electrochemical Degradation: LSM vs LNO

a) Current-voltage curvesevery 24 h b) Current-voltage curvesevery 24 h
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Project Timeline

Project Timeline
Ql|Q2|Q3|Q4|Q5|Q6| Q7| Q8

Task/Milestone

Task 1. Project Management and Planning

D1: Quarterly Reports e | o | o | o | o | o | o | o
D2: Annual Progress Reports .
D3: Final Technical Report .

Task 2. Literature Review of Existing Experimental Data

M1: Find out the experimental data from literature [ ]
Task 3. CALPHAD"

simulations

Subtask 3.1 Simulations of cathode stability under various gas impurities

J
| Subtask 3.2 Simulations of cathode/electrolyte chemical compatibilities

" Subtask 3.3 Simulations of defect chemistry and electrical transport properties

| M2 recommend a series of cathode materig_{f for experimental investigation
\ ‘ . ¥
O "‘- e
\ o =1 . (
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Project Timeline

Task/Milestone

Project Timeline

Q1

Q2

Q3

Q4

Q5

Qeé

Q7

Qs

Task 4. Experimental verification in WPI

Subtask 4.1 Materials synthesis

Subtask 4.2 Chemical stabilities under various gas impurity conditions

Subtask 4.3 Conductivity relaxation experiments

M3: Recommend cathode materials for cell testing

Task 5. Fabrication of Single Cells Using the proposed cathode

J
| Task 6. Electrochemical Testing and Polarization Modeling

« M4: Select the final cell to do the long-term degradation test

| Task 7. Long-term degradation test
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Timetable

Number Task Description
D3 Task 2 Experimental data from available literature (Feb. 2019)
D4 Subtask 3.1 |Simulations of cathode stability under various gas impurities (Dec. 2018)
D5 Subtask 3.2 |Simulations of cathode/electrolyte chemical compatibilities (Jan. 2019)
D6 Subtask 3.3 |Simulation of cathode defect chemistry and electrical transport properties (Mar. 2019)
D7 Subtask 4.1 |Materials synthesis (Jul. 2019)
D8 Subtask 4.2 |Chemical stabilities under various gas impurity conditions (Oct. 2019)
D9 Subtask 4.3 |Electrical conductivity and conductivity relaxation experiment (Dec. 2019)
D10 |Task 5 Cell fabrication (Dec. 2019)
D11  |[Subtask 6.1 |Electrochemical testing (Dec. 2019)
D12  |Subtask 6.2 |Polarization modeling (Feb. 2020)
D13  |Task 7.0 Long-term degradation test (Jul. 2020)
D14 |Task 1

Final technical report to DOE (Aug. 2020)
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ICME Tasks Needed

« Thermodynamic Databases
— Database Focusing on Perovskite phases *
— Database Expanded to Consider Gas Impurities *

- Cathode/Electrolyte Compatibility *
- Impact of Gas Impurities
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OUTCOMES/IMPACTS

The prediction of the phase stability and electrical properties of cathode;
A series of cathode candidates will be proposed based on the consideration of various

degradation factors simultaneously;

The cell test at BU on the cell performance and long-term degradation;

?K&DB{Q@St (orte,at WPI one at BU) will complete his/her dj
N\ © Q
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Facilities at WPI1 & BU

e Thermo-Calc
— In house La-Ni-Ca-Sr-Co-Cr-Fe-Mn-O-Y-Zr-H-S-C Database

* A suite of electrochemical test equipment including
potentiostats and frequency response analyzers

* Electrochemical modeling software — zplot and analytical
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Tasks and Deliverables

Task 1. Project Management and Planning (Zhong, Q1-Q8)
Task 2. Literature Review of Existing Experimental Data (Zhong, Q1-Q2)

Task 3. CALPHADPWS simulations (Zhong, Q2-Q3)

Subtask 3.1 Simulations of cathode stability under various gas impurities

Subtask 3.2 Simulations of cathode/electrolyte chemical compatibilities

Subtask 3.3 Simulation of cathode point defect chemistry and electrical transport
properties (ionic and electronic conductivities)

Task 4. Materials synthesis and electrical properties (Zhong & Gopalan, Q3-Q6)
ubtask 4.1. Materials synthesis
Subtask. 4.2« Chemical stabilities under various gas impuri
\‘ ectrical Conductivity and Conductivity Re ;
enCells Using the proposed cathode q

5ing and Polarization Modeling (Go ‘&'
10 emical testing
zation Modeling

st (Gopalan, Q5-Q8)
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