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Funding

Project dates: 01/01/2020- 31/08/2024
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S Context: PEMFC targets for light duty vehicles
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Specifications for automotive stack: status and targets Stack performance: status and targets
Current density
@ 0.66 V 1,00 bl
2.7 Afem?® 0,95
' 0,90
om 0,85
LT LY 0,80
Volumetric 4-.: ’ Pt loading > 0,75 DOLPHIN (M48)
Power 7 u'f x Total ;" 0,70 ~ <2 W/em?
9.3 kw/l " 0.144 mg/fem?® Y 0,65 A -
D 0,60 DOLPHIN (M24)
0,55 [eceeees SoA 2012 1.45 W/cm?
1 0,50 |=———AUTOSTACKCORE full stack (99 kW - 335 cells - 300 cm?)
= = 0,45 |——AUTOSTACKCORE short stack (6 kW - 20 cells - 300 cm?)
0a0 |— — DOLPHIN M24 performances
! — = DOLPHIN M48 performances
Lon o rﬂbi“t'gl' % 0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5
@ 100 000 units/year 6000 h ’ ’ ’ o . ’ ’ ’
20 €/kW i/ (A/cm?)
= Reduce cost Increase current density
= Decrease Pt loading —> Larger flux
= |ncrease performance —> Larger transport limitations
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A multiscale and mutiphysics system

Scheme of a cell in a PEMFC stack Scheme of a conventionnal MEA
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Nandjou et al., Int. J. Hyd. Energy 41, 2016, 15573 Zeng et al,, J. Mater. Chem. A 6, 2018, 6521
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Breakdown of stack component costs SEM image of Pt/C CCL Breakdown of
with reactants and Membrane Electrode

MEA Assembly components

Pr/(
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Pt
==~ Nanoparticles
7 Active sites

BPP & CcCL
Balance of 31%
stack

38%

Kinetic
&
Transport
Losses

Comnlav tartiionic ctriictiira inwhich
CCL most limiting component in terms of cost, performance and durability related to ORR

in coupling with transport limitations
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Simulated performance Simulated mass-transport transsm::‘!ca::gs?;nce
limitations breakdown limitations breakdown P
CCL cCL
100
- R,, Total
£ s0
8
g 60 . R
g n now}1‘ O‘
Sub umetre_02 % 40 o 20 S
46% 2 A
-
Ro, Diffusion Media
0 1 1
0 0.1 0.2 0.3
0.35 mgp,/cm? Pt loading (mg/cm?)
A lot of unknown transport Large sub-micrometer O, O, transport limitations
limitations transport limitations  increase as Pt loading decreases

e e
Low Pt loaded CCL shows unexplained high losses (ascribed mainly to O, transport losses)

but kinetic and proton transport contributions on losses are often underestimated
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Controling CCL transport limitations
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CCL Structure / Composition
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Balance between O, and H* transport limitations related to ORR

BUT lack of knowledge on :

CCL structure (Pt/C, ionomer, pore distributions...)

H* and O, local and effective transport properties
ORR kinetic depending on the local conditions
Local operating conditions in CCL

Influence of ink composition
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Global strategy and developments
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EXTENSIVE EXPERIMENTAL

CHARACTERISATIONS: -
e FURTHER ORIGINAL CCL SOME

- Local conditions IMPROVED - WITH IMPROVED GUIDELINES
MANUFACTURING - Transport TOOLBOX FOR . PERFORMANCE FOR NEW

s Vi - Performance PERFORMANCE AND DURABILITY GENERATION
PREDICTION - Selection OF PEMFC MEA

& FORMULATIONS MULTISCALE MODELING FROM CCL/GDL - Manufacturing FOR

Rl i STRUCTUREAND JFf ™% . oTvE
- u -um F
- CCL/GDL scale (DNS) B OSITION

- Cell scale (Continuous)

VARIOUS

COMPOSITIONS

Strong link between models and characterizations to:
* Supply more relevant inputs to the models (gas diffusion, H* and O, transports, structure...)
* Validate the models
* Analyze the differences between CCL with different ink formulations
* Analyze performance limitations due to the CCL
* Design, manufacture and test a CCL with higher performance/durability
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Multiscale characterization
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3D TEM and FIB/SEM “AFM
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Customized CCL for characterizatio_";,i;’:Union

* SGL 22BB

D2020

Stoe 1.5/2

Differential cell

* Anode constant, 0,1 mgPt/cm?

* Ref cathode: TEC10ES5O0E,
* Ref OC: 80°C, H2/air, RH80,

* Focused on LDV but additional
tests for HDV (Advisory Board
recommendation)
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Pt Loading
Type of stud Catalyst 1/C lonomer
P Y Y [ng/cm?]
Reference TKK HSAC 50% 200 0.8 D2020
TKK HSAC 50% 100
Effect of Pt loading (x3) (changing thickness) 0.8 D2020
TKK HSAC 50% 500
. ) ) TKK Graphitized 30%
Effect of thickness by changing the Pt/C ratio
Checked on two Pt loading and on two types of 200 0.8 D2020
support
TKK Graphitized 50%
Effect of 1/C Ratio (x2 0>
ect of /€ Ratio (x2) TKK HSAC 50% 200 D2020
Checked on two type of supports 11
TKK HSAC 50% 0.5
TKK HSAC 50%
Effect of type of ionomer (x2) — - 0.8
Checked on two types of support, two thicknesses by TKK Graphitized 30% 200 HOPI
changing Pt/C ratio and two I/C
TKK HSAC 50% 1.1
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Characterization of CCL: stru_;‘i;‘:umn

As an example (HRTEM, AFM): distributions of ionomer, Pt, pores...
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Characterization of CCL: transport _"'pi:,zum
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As an example: transport in thin ionomer film, effective CCL properties
H* conductivity
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As an example: 3D image-based computation of effective transport properties
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More information to come

A Co-funded by

5 Clean Hydrogen T _
USRCN the European Union

Partnership

100 |y,

| —=— Bulk diffusion losses
—e— Knudsen+ film
diffusion losses

3D TEM and FIB/SEM

—10"%m

50

Characterization of transport

properties (A. Kucernak, ICL; A. e
109m Morin, CEA)

Current densitv [A/cm?]

o
T
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Multiscale modeling performance
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