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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

—> Characterisation and modeling
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G° Sub-micrometer structure of CCL
\

7 & Simulation of ionomer structure and coating

Molecular dynamic simulation (MD)

Graphite surface Pt (o] Graphite
surface

Self-assembly on different substrates in IPA
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%[o Sub-micrometer structure of CCL
%70 ¢ Distribution/structure of ionomer and water

Small Angle Neutron Scattering (SANS)

50% HSA Thin ionomer film

Water film
Surface micropores

Pores

@ 95%RH

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

Water volume fraction = 23%
against 25% (water sorption)

Public workshop, 06/07/2022, DLR/Stuttgart+visio

iz Partnership
Ceatech
Probed range
~ 600 nm ~60 nm ~6nm

— 95% -H,0

—— 90% -H-0

— 80% -H-0

5% 70% -H,0
\ or
b
Al
L|—. N\
S
=
.‘-—>J. 103 " D’VYC \\‘
2 LR = L
aggregates 3
%, ggregate \ lonomer
= L\ related peak
v
Q
% 10!
v
S N
Carbon N |
1071 4 interface
o s " 10~ Incoherent

FURTHER-FC: Main Progress

. Co-funded by
the European Union

QA 1]

6



& % Sub-micrometer structure of CCL
%@,’ﬁ &1 lonomer coverage and thickness

Atomic Force Microscopy (AFM)
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Structure of CCL
3D porous structure

Voxel size: 5x5x5 nm?3
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= Measurement of CCL properties
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P = Partial pressure
Y = surface tension of the catalyst
comysd = dispersive component of catalyst surface tension

ysp = polar ponent of catalyst surface tension

Y1, = surface tension of the liquid

T, = spreading pressure (6=0°)

Ws_; = Work of adhesion

M = molar mass of liquid, S = specific surface area, T =
temperature and R = gas constant and Q = total amount
adsorbed.
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Catalyst layer wetting
properties does not seem

to be a simple
combination of the
individual components
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’T | Transport: local distribution in properties
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%) ©| Measurement of CCL properties
&| Transport: effective electronic conductivity
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Measurement of CCL properties
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Proton conductivity in catalyst layer is liable to be

a limiting factor in performance
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Transport: (ex. MPL)
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X-Ray
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Fibrous medium

X-Ray Tomography
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MPL computation from FIB-SEM
GDL/MPL assembly computation from X-ray Tom.
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&, ® Fuel cell characterisations
Reproducibility between partners
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« Knudsen+film » diffusion losses dominate, in particular at low humidity
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](,(; | Local operating conditions
%7 & Water content in MPL/GDL
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Even with these narrow land flow fields, land/channel differences are observed

At full humidity, water saturation is reduced when increasing current density

Public workshop, 06/07/2022, DLR/Stuttgart+visio

FURTHER-FC: Main Progress

20



Local operating conditions

Local temperature

Raman microspectroscopy thermography

Clean Hydrogen
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Simulation of fuel cell operation

U(av) [V]

Development and validation of single cell model

Polarisation curves
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Thank you for your attention.
Your questions are welcome!

Multiscale characterization Multiscale modeling

lonomer film scale

70 =Water = Water/IPA

lonomeriovrage
N
8

—1101%m -
= d " ap-heigt 0
p&N\"“’c axas\'\’ pO Planartt Suz::a;:tes PN
1.00€+02 2E-03
E 1006401 . L] : 2,E-03 50% HSA
g
‘.é 1.00E+00 . L 1,E-03 CCL Scale
= 1.00€-01 ° 1 0‘9 m
:‘E 1.00€-02 [} : 1,503 1475 pm
E 1.00-03 * ":; 1,E-03 ey
% 1.00€-04 ° = 8E04 > I::oegraphy
100605 & % g
g 1.006-06 ® Nafion (1100 EW)- 30 C 5E04 O Experimental -95% RH *_* 738 pim
6.'. 1,00607 @ Mafkon (100 EW)- 80 4E0¢ § O Experimental - 90% RH o
LA 2E-04 O Experimental - 80% RH
] 20 40 60 80 100 ’ Experimental - 70% RH
0,E+00 1 275 um
RH (%) 0 0,1 0,2 03 04 05 _7
Q[A1] | Cracks
lonomer transport properties  Small Angle Scattering °
imass | A MO
100 F,) ' ' ' ' ' " E 0 s 1 s 20 2 FIB-SEM image
S20 300
b T szio 50120 g e
S —=— Bulk diffusion losses esr k“ SRO=ATEIED \\ Cel I Scal e
£ —e— Knudsen+ film A L e 0 . 4
— nuds } 5 E.b e oE L = 100% RH exp.
@ 50 diffusion losses E B = >-\\ § 1 0 | | | 04 . eo%;mexp = 100% RH
@ - 4 | 3 os| ~ 4 50% RH exp 10 o
o / S5 g .- —— 100% RH sim. ® 80%RH
s g S°0 '\\ - 2 5 80% RH sim. 09 100% RH; sim1
= B o3| J EU SoA 2018 . g - —— 50% RH sim. -
g 1o T 8os l:.{.‘: ) e S . = % ) o, 08 80% RH; sim1
b= oaf AT \ £ & by - - -=100% RH; sim2
a 01 Goe, Te=o=—n DR 5 o2 e - - ~80% RH; sim2
i =
of 1 0o 0ol =t g 5
o io0 200 300 400 500 600 700 500 g 05 -
1 1 1 1 1 1 1 o/ MA M, 01 7 =
00 05 10 15 20 25 30 Fa— ,;, A i Z : ™
Current density [A/cm?] fspectc / MA em% -1 o9 7
. 10" m 02—
Ultra_thln electrode 000 0.05 0.10 015 020 0 10000 20000 30000 40000 50000
Mass transport losses A

Public workshop, 06/07/2022, DLR/Stuttgart+visio FURTHER-FC: Main Progress 24



