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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
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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
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Questions:
1. How to describe reversible degradation?
2. How to determine irreversible degradation?

3. Does refresh procedure lead to full recovery of reversible losses?
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Evaluation of irreversible degradation

Durability tests consist of several test blocks of an operation period and
arecovery procedure
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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

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

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

Constant and non-constant reversible degradation

non-constant reversible degradation

0 voltage after refresh
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constant reversible degradation
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Evaluation of reversible degradation

determination of reversible degradation
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Evaluation of reversible degradation

Mathematical description of reversible degradation
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Reversible degradation can be described by

a Imear-exponentlal function Gazdzicki et al. (2016) J. Power Sources, doi:

10.1016/j.jpowsour.2016.07.049




www.DLR.de

Evaluation of reversible degradation

e Chart 14 > Talk >DLR

229 ECS Meeting, San Diego, June 1st 2016

Mathematical description of reversible degradation
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Gazdzicki et al. (2016) J. Power
Sources, doi:

Evaluation of reversible degradation | 10.1016/jpowsour.2016.07.049

Mathematical description of reversible degradation
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Evaluation of reversible degradation const. load 80%RH

const. load 50%RH

Reversible degradation under stationary conditions
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Evaluation of reversible degradation const. load 80%RH

const. load 50%RH

Reversible degradation under stationary conditions
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Recovery of reversible degradation

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

T, =80 °C, RH = 50%
Const. flow (H_ /air): 260/830 mI/min
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Recovery of reversible degradation
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Recovery of reversible degradation
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Recovery of reversible degradation
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Conclusions

Irreversible degradation rate corresponds to linear
regression of voltage values after refresh

Propose to use voltage loss diagrams instead of single

value if possible

Reversible degradation can be described by linear-
exponential function
0 parameter c; responsible for acceleration of
reversible degradation with time

Reason for voltage recovery:
« Water management plays a role in voltage
recovery, especially at high loads
 Recovery at low load not yet explained
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