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Approach
From nm to fuel cell operation
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Structure, local and effective properties of the CCL from component to layer
A Characterisatiomnd modeling
A Characterisatiorand simulation ofheir impact on fuekelloperation

Pt — Catalyst site

. Carbon — electron
conductor/catalyst support

lonomer — proton conductor
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Sub-micrometer structure of CCL
& Pt size distribution and ionomer vizualisation
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Sub-micrometer structure of CCL
Simulation of ionomer structure and coating

Molecular dynamic simulation (MD)

Graphite surface Pt (o] Graphite
surface

Seltassembly on different substrates in IPA
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« ! & Distribution/structure ofionomerand water
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Sub-micrometer structure of CCL
.7 &l Distribution/structure of ionomer and water

Small Angle Neutron Scattering (SANS)

50% HSA Thin ionomer film

Water film
Surface micropores

Pores

Probed range

@ 95%RH

A lonomer film : 24 A
A Water film : 8 A
A Pores depth : 35 A

Water volume fraction = 23%
against 25% (water sorption)
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&, % Sub-micrometer structure of CCL
/U ¢ lonomer coverage and thickness

Atomic Force Microscopy (AFM)

Coverage

MATLAB Evaluation
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Structure of CCL
3D porous structure

Voxelsize: 5x5x5 nf
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& % Measurement of thin ionomer films propertles
Structure and mechanic

Swelling
Ellipsometry
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Nanomechanical Properties

Stiffness (20 pm)
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. °| Measurement of CCL properties
&| Transport: local distribution in properties
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9(; »| Measurement of CCL properties
&| Transport: effective electronic conductivity
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Transport: (ex. MPL)

1475 pm

X-Ray
Tomography
image

738 um

1 275 um

Cracks

Fibrous medium

X-Ray Tomography
image

MPL computation from FIB-SEM
GDL/MPL assembly computation from X-ray Tom.

Relative Effective Eiffusivity, Deg/Dpye, 1/T

Computation of properties from 3D structure
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&, ® Fuel cell characterisations
£ Reproducibility between partners
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Local operating conditions
Water content in MPL/GDL

Neutron Radiography

'
SP0s

WO T

3

—
- [ ] "
"y

‘.1 A

i

Water thickness (mm)

2.5

=
= n

<

o©
n

Co-funded by

# Clean Hydrogen _
: the European Union

i Partnership

PAUL SCHERRER INSTITUT

Cathode Anode
GDL MEA GDL
—(0.25A 1A
—_2A —_3A

0

10

Transmission [-]

20

, A

¥ : &t;"

Gt 2! 1'.‘

&9 (..,

A ) 02 04 06 08 10

Cathode Anode

30 40 50 60
X-position (pixel)

Evenwith thesenarrow land flowfields, land/channeldifferencesare observed

At full humidity, water saturationis reducedwhenincreasingcurrentdensity
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Local temperature

Local operating conditions

Ramamicrospectroscopyhermography\
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Seoe Local operating conditions
%0 & Water content in CL
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Simulation of fuel cell operation
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Diffusion losses [mV]

- Proton conductivity (mS/cm)
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Thank you for your attention.
Your questions are welcome!

Multiscale characterization
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Multiscale modeling
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