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Common analyses of MEAS
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e Setup

« Polarization curve

« Cyclic voltammetry
 Hydrogen crossover
* Proton conductivity

 Impedance spectroscopy
« LCA

 Modelling
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Experimental Setup * |

STACK-TEST
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FUEL CELLS AND HYDROGEN

. " Polarization Curve -
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Cyclic Voltammetry (CV
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Cyclic Voltammetry (CV)
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“Application conditions (HD)”

e
air inlet
90

»Standard temperature conditions”
1 conditions

Cell temperature [°C] 30 Cell temperature [°C]

H,/N2 H,/N2
Pressure anode / cathode [bar, ] atm/atm Pressure anode / cathode [bar.,, ] 2.5/2.5
Gas inlet temperature anode/cathode i
) p / 35/35 ?’zs], inlet temperature anode/cathode 95/95
RH anode / cathode [% 100/100 RH anode / cathode [%] 100/100
Gas flow H2/N2 [mL/(min*cm?)] 10/10 Gas flow H2/N2 [mL/(min*cm?)] 10/10

25 — 0.10-0.60 V 120 mL/min -> 130.0 em?s/em’,,, 30
~— 0.07-0.60 V; 120 mL/min -> 157.5 cm®;/em?,,, 25
204 —— 0.10-0.60 V; stopped flow -> 138.6 cms/em?,,
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potential vs. DHE / V potential vs. DHE / V
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Electrochemical impedance spectroscopy “
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Limiting Current Analysis (LCA)
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C O n Ce pt Clean Hydrogen

. Partnership

Co-funded by
the European Union

The R&D project PEMTASTIC aims to meet the key technical challenges to increase durability of
membrane-electrode assembly (MEAS) for heavy-duty (HD) applications.

DEGRADATION —b—b HD-CCM
MODELS

—

—

MODEL-BASED CCM DEVELOPMENT

Clean Hydrogen JU SRIA KPIs
SoA 2020 | Targets 2024 Targets 2030 PEMTASTIC targets
Durability / h 15,000 20,000 30,000 20,000
PGM loading / gkW™! 0.4 <0,3 <0.25 0.3
Power density / Wem™ 1.0 @ 0.65V | >1,2@0,650V >1,2@0,650V 1.2 @ 0.65V
Additional Project KPIs
Operation temperature / °C | 80-85 | l I 95-105 at low RH

The project is supported by the Clean Hydrogen Partnership and

its members Hydrogen Europe and Hydrogen Europe Research.




Methodology

Stack flow field with paralle channels
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Durability testing and characterization
DLR
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Definition of FC testing protocols for = g
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Definition of FC testing protocols for

heavy duty application

Hybrid Architecture
DCDC
DCDC aal FCS

Hybridization Strategy
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Definition of FC testing protocols
for heavy duty application

|Proposed by PEMTASTIC HD condtions
Source Atairinlet| Atair outlet
AR (cale by CEA)
[Differential cell

Cell temperature [°C] 30 105

Gas composition H2/air | H2/(N2+5%02)
Outlet pressure anode / cathode [bar,,,] 2.5/2.5 2.6/2.2
Gas inlet temperature anode/cathode [°C] Cell temperature +5 °C
|RH anode / cathode [%] 80/50 |  35/60

H2 and 02 stoichiometry for 4 cm channel o,
length [-] 10/10

Fixed gas flow according to current density

Alem?] 3.0
[Stack / technical single cell

Coolant inlet temperature [°C] 90

Gas composition H2/air

Inlet pressure anode / cathode [bar,z_] 2.6/25

Gas inlet temperature anode/cathode [°C] 95
|RH anode / cathode [%] 50/35
Stoichiometry integral cell / stack [-] 1.2/1.8

Fixed gas flow according to current density
[(A/em®) 0.2

| &
&L

»
&

A

short-stop

50 min[i min 30

90 min)

n

0.85

—

cell voltage / V
(=} o o
~ ~ @
o o o

| L

40000

! T T 1
0 10000 20000 30000

o time/s
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Summary ‘#7
DLR

= Typical electrochemical MEA charcterization

* For model paramterization/validation differential cells are used
= Durability to be investigated in relevant conditions

* HD testing protocols are proposed in frame of PEMTASTIC

* Important aspect is when and how often characterization is carried out in
frame of durability testing
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