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* Motivation is to measure important parameters in model systems under
conditions as close as possible to those which exist in the fuel cell electrode

* The parameters studied are:

Solvent sorption isotherms and wetting  Catalyst, ionomer, Temperature; Steady-state
properties (water, ethanol, 2-propoanol) catalyst layer Solvent activity; Atmospheric pressure
Electrical conductivity Catalyst and catalyst  |:C ratio; Relative Steady state; lonic effects
layer; in-plane and humidity; assumed negligible
through-plane; Compression
Proton conductivity Catalyst layer I:C ratio; Relative Platinum removed
humidity; lonomer
ORR electrocatalyst performance ex-situ  Catalyst %-cell reaction, 1 M HCIO, electrolyte,
potential, pg,, T Atmospheric pressure
ORR electrocatalyst performance in-situ ~ Catalyst layer Potential, pg,, T HOR assumed negligible
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Te* Solvent sorption isotherms
o Dynamic Vapour Sorption

* Multiple solvents (not just water)

* Determination of both polar and dispersive

components of surface tension

 Calculation of spreading pressure

RT P’ Q
T, = — = dP
e MS’P p

Wy =2y, + 1, = 2 /ndxysd+2 /yfxyf g

vs = ¥& + v

P e e e

Y5 = surface tension of the catalyst

ysd = dispersive component of catalyst surface tension,
ysp = polar component of catalyst surface tension, .
Y1, = surface tension of the liquid,

7, = 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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i Solvent sorption isotherms and analysis
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* The catalyst layers did not adsorb IPA or mE‘E , mjos
ethanol until partial pressures of above S / ] ‘\%oz
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* Hydrophilicity of the catalyst layer is 37% of :f;?l/
what is expected from simple addition of L . . . . L] oo

components, while IPA is 30% and ethanol
is 46%.

Similar polar components of the surface
tension for the catalyst powder and layers,
but the dispersive component, the van der
Waals influence, of the surface tension on
the catalyst layer is 10x lower than on the
catalyst powders, similarly, the spreading
pressure is ~5x lower on the catalyst layers.

Catalyst layer wetting properties does

not seem to be a simple combination of
the individual components
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Toer% YSC A
Calculated parameters Catalyst Powder Catalyst Layer
Ys / m)m? 117+3 105+ 1
Y2 / mI m? 19.4£6.3 Li‘jiw;z.s +0.3
¥P / mim?2 97.8+9.4 <155 103 + 1
T, [ m)J m?2 29.2+£8.7 6.1+7.0
We_;/ mlm?2 105 + 67 85 + 64

¥ = surface tension of the catalyst

T, = spreading pressure (6=0°),

v& = dispersive component of catalyst surface tension, Ws_; = Work of adhesion,

ysp = polar component of catalyst surface tension,

Y1 = surface tension of the liquid,

M = molar mass of liquid,

S = specific surface area, T =

temperature and R = gas constant and Q = total amount adsorbed.
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Electronic conductivity

* Electronic conductivity measured under
environmental control (T, RH%)

* 4-probe contact measurement on appropriate
samples

e Controlled compression

* High performance/accuracy system DMM (1uQ
resolution)

e “Dry circuit resistance” 4-probe resistance
measurements (20mV)

* Avoid driving electrochemical reactions

FURTHER-FC: Characterisation of CCL materials - local
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Keithley 3706A System Switch/Multimeter
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Catalyst Layer + GDL

Low overburden potential (20 mV)

A
Normal I:C Ratio Low I:C Ratio
Catalyst Layer Only (0.8:1) (0.1:1)
i In-Plane In-Plane In-Plane * Increase in electronic conductivity
7 T T . . .
E ' ' ' I ' ' ' ' ., 1o, as compression is increased
1200 1 . . ..
S o . otmacmre: | oo oF L, oimameme . i * Little change in conductivity as
T 5 lown 5§ e +—03% § | _ozmaemmms: O 1%%s relative humidity is increased
c E 1000 |- . & E 5 0.2 mQ cm RH% a g * : B . 2 )
8 S R e YW 3 {os 2 s ormenms oaemne | Joaz * TWO Orders of magnitude lower
£ 0.4 mQ cm RH%* : % Lal % = g L .
QO 7ol E 3 E g 3 conductivity in catalyst layer only
4 1 0.0016 g 4 Compression 105 g 2 Compression 105 g . .
S - © Fap o © Far e © for in-plane conductivity
- 1:C Ratio - 0-.0018 o oo i ° oo 4 0. 1 " . 1
DF e ot 80°C, Nitrogen 2} |:C Ratio = 0.8:1 80°C, Nitrogen 1*° 2} CRatio=0.:1  80°C, Nitrogen |° * Increase in conductivity as I:C ratio
c % 20 o % T % m o o 00 20 w0 % %0 100 is decreased
- Relative Humidity / % Relative Humidity / % Relative Humidity / % . TWO orders Of magnitude higher
conductivity in through-plane vs
J_ ConSt- Through-Plane Through-Plane m'plane
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— D S S D S S e e e S W particle contact
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3 TKK with Pt Removed
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* Increase in proton conductivity as RH increases

* Increase in proton conductivity as I:C ratio increases

* Increase in proton conductivity when using HOPl ionomer

* Decrease in Bruggeman Factor as RH increases

* Little change in Bruggeman Factor with different I:C ratios

* As Bruggeman Factor <1, conductivity is less strongly
affected by increases in ionomer
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Proton conductivity in catalyst layer is liable to be

a limiting factor in performance

FURTHER-FC: Characterisation of CCL materials - local
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R ? 3 Electrocatalysis

N Ultra-low loading electrodes — Ex situ

EHT = 5.00kv Signal A = InLens Date :26 Oct 2011
WD =10.5mm Mag = 29817 KX Time :21:48:14
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190 um support

50 um MPL

— 2 nm
—— 4.7 nm
— 7.7 nm|

>50%

"ORR results, 1ug,, cm?]

65 A cm™
@0.1 mgpcm™?
25°C, 100kPa O,

C. M. Zalitis, D. Kramer and A. R. Kucernak, “Electrocatalytic performance of fuel cell reactions at FURTHER-FC: Characterisation of CCL materials - local
low catalyst loading and high mass transport. ”Phys. Chem. Chem. Phys., 15, 4329, (2013). transport properties and transport-free electrocatalysis
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By Ultra-low loading electrodes — Ex situ
e Performance as function of E,T
, . I 1 M HCIO,. 100 kPa O, , 298K
* Model for ORR which highlights availability of surface . —————""—==7, ———
adsorption sites 6o (E) = 1 |
HOO,H( - (E—Eo,H)QHF/ 08 E
anF(E—EO) 1+e RT ag 100 | Ja0 o
e i=i (<)o RT 1 5 2 % 06k |
] - ]0 Co fT'eee 90H,0(E) = —(E—EO,O)QOF/ E -150 1 -60 fw %
1+ e RT 2 = O o4} i
: Orree(E) = (1 = Onoon)(1 — Oono) =T 1% 02k ]
 Model fits of data 0.3..1.0V ]
, -300 ! ! . . . .
* Jo, EHOO,H , EOH,OI an, qy and qo0 0.2 0.0 02 04 06 08 1.0 02 00 0.2 0.4 06 038 10
Eir.free VS. RHE / V Eir.ree VS. RHE / V
-70 — T T — T T -0.6 1.0 T T T T T T T T
0 . —e—0.65V 09 | 4
60 - —e— 0.9V 1os sl
o -20 b “-'E 50 |- = 1 04('VE 07} -
1 o o B |
% -40 . §-40— /i/ E g z:z— .
% %_-30 L _ ? = e 1% % - 0.4 :
& 60 il é-zo I /E 4-0.2 g 03} ]
o | 1o o2 B o Yon,0, Oroon s
T h " ] function of
0.0 - = B -
100 0?4 OT6 OTS 1?0 0 CI) lIO 2IO 3I0 4IO 5IO 6IO 7I0 800.O 0:3 0?4 0:5 O:6 0:7 0?8 0?9 1:0 1.1 te m pe rat u re
Eir-free VS. RHE/V Temperature / °C E vs. RHE / V

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

iR-free

FURTHER-FC: Characterisation of CCL materials - local

transport properties and transport-free electrocatalysis

10



Dr. Laure
Guetaz

Q‘?HER w

‘L%/ﬁ

Dr. Pascal
Schott

Guelicher

Dr. Thomas
Jahnke

Dr. Jens
Mitzel

Dr. Arnaud

Mor‘in

Dr. Joél
Pauchet

Co-funded by

) Hydrogen d )
the European Union

ership

The TEAM

Dr. Isotta PhD Ahmed
Cerri Maloum
Pr. Anthony Dr. Colleen Dr. Stéphane Dr. Aurélie Dr. Michel  pr. Marc

Kucernak, Jackson

Cotte Quintard

Gueguen

I~ . -
2 Imperial College
Deutsches Zentrum
xa e it London TOYOTA
PhD Florian PAUL SCHERRER INSTITUT Mo
Chabot - 1 Eﬁls\/LElggl-Erw Chemoursm UNIVERSITY OF
— CALGARY
! % & 1 .
Dr. Jason Dr. Stefano Pr. Patrice Dr. Pierre Dr. Jong Min Pr. Hanno Dr. Tobias Patrick Pr. Kunal PhD Afeteh
Richard Deabate Huguet Boillat Lee Kaess Morawietz Redon Karan Tarokh
_ This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking
Dr. Dirk (now Clean Hydrogen Partnership) under Grant Agreement No 875025. This Joint
Scheuble Undertaking receives support from the European Union’s Horizon 2020 Research and

Innovation program, Hydrogen Europe and Hydrogen Europe Research.



Multiscale characterization
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Multiscale modeling
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 Electrocatalysis including non precious metal catalysts (e.g. Crescendo)

* Hydrogen purification/hydrogen pumps (Memphys)

* Hydrogen fuel cells and electrolysers including alkaline membrane systems
* Redox flow batterles espeC|aIIyH X(X Mn Orgamc V, Br,...)

* Spinout companies:

Dr Colleen Jackson
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= treatment

manufacture Grid scale electricity storage
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e Contribution to project

= WP2: CHARACTERIZATION OF CCL
STRUCTURE AND COMPONENT PROPERTIES
» Effective transport properties in the CCL

= \WP3: ADVANCED OPERANDO DIAGNOSTICS
AND PERFORMANCE LIMITATIONS
» Toward operando fundamental

\ electrochemistry
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