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Motivation

Performance targets clearly defined and well verifiable, BUT

determination of degradation rates is not well defined.
=>» How to determine if durability goals are achieved?

Discrimination between reversible and irreversible degradation needed

600 -
550 -
500
450 4
400 | | _

_ « Refresh interruptions b » 1 5
350 AL DL L DL LR DL AL L DL LI DL AL LA DL L RN LI DL LRI LR LR 0‘5 T T '!Iil T |.|| T Ill' T II.!I T

0 100 200 300 400 500 600 700 800 900 1000 1100 0 100 200 300 400 500 600 700 800

Operation Time /h - Test Duration / h
I PE LA P




DLR.de ¢ Chart 4

Motivation

Performance targets clearly defined and well verifiable, BUT

determination of degradation rates is not well defined.
=>» How to determine if durability goals are achieved?

Discrimination between reversible and irreversible degradation needed
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Questions:
1. How to determine irreversible degradation?

2. How to describe reversible degradation?
o 00
3. Does refresh procedure lead to full recovery of reversible losses? I
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Evaluation of irreversible degradation
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Evaluation of irreversible degradation

* Durability tests: several test blocks of operation period followed by a recovery
procedure

e FC dynamic load cycle (FC-DLC) according to FCH-JU StackTest project
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Evaluation of irreversible degradation

FC dynamic load cycle (FC-DLC) according to FCH-JU StackTest project
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Evaluation of irreversible degradation

Use voltage values at start of each test block, i.e. after refresh
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Evaluation of irreversible degradation

Use voltage values at the end of each test block, i.e. before refresh
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Evaluation of irreversible degradation
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Evaluation of irreversible degradation

Constant and non-constant reversible degradation

non-constant reversible degradation

0 voltage after refresh
0 voltage before refresh

constant reversible degradation

voltage decay
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Evaluation of irreversible degradation

Constant and non-constant reversible degradation

=>» decay rate(...): combination or reversible an

irreversible degradation
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Evaluation of irreversible degradation

Constant and non-constant reversible degradation

=>» decay rate(...): combination or reversible an

irreversible degradation
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Evaluation of reversible degradation
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Evaluation of reversible degradation

Systematic FC-DLC test for accurate determination of reversible degradation
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Reversible degradation can be described by
a linear-exponential function
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Evaluation of reversible degradation

Systematic FC-DLC test for accurate determination of reversible degradation
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Recovery of reversible degradation
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Recovery of reversible degradation

Test of conditions that occur during shutdown recovery procedure and could be
the reason for recovery
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Recovery of reversible degradation

| —A Water remm B lonomer effect Recovery test Intention Recovered | Recovered
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Recovery of reversible degradation
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DLR.de

Vs Pt-loading
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Degradation Vs Pt-loading

BoT Voltages versus Loading

anode loading = 0.05 mg cm™® cathode loading = 0.40 mg cm™
900 V+—r——7T—r—— 1T 900 e e e B e LI

_‘_'_—‘-—o"'; 503 .

800 J 800 ]

-9 i ) ® [
700 A .’r—“’ 4 7004 ® ]

600 A~ 1 s00] o B
- ] |
-E’?‘E‘ - ]
500 4 -~ 500 ]

- 7]
) ] ] & A A
] ] A 14
400 4 -H 400 4 A v 1.16
] ] o 10
i ) 04

®
300 ----|----|----|----|----- 300_ — T ' T T T 7 ¢ oo
00 0.1 0.2 03 04 05 0.00 005 010 0.15 020 025

BoT Single Cell Voltage / mV

Cathode Loading / mg,, cm™ Anode Loading / mg,, cm™®
Const. anode loading Const. cathode loading

» Clear dependence of Cell Voltage on cathode Pt loading
* No dependence of Cell Voltage on anode Pt loading
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Degradation Vs Pt-loading

BoT Voltages versus Loading I
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» Clear dependence of Cell Voltage on cathode Pt loading

* No dependence of Cell Voltage on anode Pt loading

* Onset of mass transport issues observed at cathode loading <=0.2 mg/cm2
and >1 A/lcm2
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Degradation Vs Pt-loading: evaluation of irrev. degradation

Significant increase of irrev. degradation for cathode loading <0.2 mg/cm?
and high loads

non-constant reversible degradation
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Degradation Vs Pt-loading: evaluation of rev. degradation

non-constant reversible degradation
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Degradation Vs Pt-loading: evaluation of rev. degradation

Cell Voltage

Cell Voltage

non-constant reversible degradation
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Degradation Vs Pt-loading:
evaluation of rev. degradation

Cell Voltage

Cell Voltage
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non-constant reversible degradation
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Summary
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Summary
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Summary
o lrreversible degradation rate: linear regression of R N
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Summary

o lrreversible degradation rate: linear regression of
voltage values after refresh
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Summary

o lrreversible degradation rate: linear regression of
voltage values after refresh
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o Degradation Vs Pt-loading:
» accelerated rev. degradation for cathode loadings
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