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State-of-art Targets

@1 —
‘Anodic PGM (Ir. Ru) contents (mg/enr’) 1020 <01
Non PGM catalysts

Solid Polymer Electrolyte
SPE fonic conductivity (S/om at 80°C) 017
SPE gas permeability to H (cm?/s.Pa) Tot
(80°C. full humidity)

C: 1.0-05 <0.05

0.20-030
10°

conditions
y 0—4Acm®
100-120°C
1-700 bass

erating current density
crating temperature

Op
Op
2

1-150 bass.

Effici
Energy (kWh/kg Hy at

Acm?) 56 =18
Enthalpic efficiency with PGM catalysts 80% at 1 Alom? 0% a1 2-4 Alem?

Jrovm - iccPET q”

[ Enthalpic efficiency with non-PGM cata 30-40% at 1 Alem? 60% at 1 A/cm?
SPE Voltage drop (mY at 1 Alcm?) 118 70-100

System
‘Production capacity of electrolysis units

10 ke/hour

=1000 kg/hour
(= 100 Nm/hour) g
10¢

(= 10000 Nm¥/hour)

Durability (ours)
Non-energy cost (€/kg Ho) S

Conventional PGM electrocatalysts
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Non-PGM electrocatalysts
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Some cell designs
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Some criteria for cell design

* compacity

* reduced ohmic losses

* ease of assembly

* brittleness of cell components
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Typical electrochemical equipment
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Potentiostat + scanner

Power potentiostat Multi potentiostat
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MEA manufacturing

Dry process

Wet process

Up to 1000 cm> MEAs

ITI- Main Electrochemical
Investigation Tools & Techniques

» measurement of polarisation curves

* cyclic voltametry

* electrochemical impedance spectroscopy (ELS)
* durability tests

Global versus local measurements

Non-fragmented cell

Fragmented cell
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Needs of non-intrusive techniques for :
* MEA and cell character1zation & optimization
* production monitoring & quality control
site diagnostic
* maintenance operations
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IV- Polarization curves

a measure of cell efficiency
information on MEA environment

Distinct regions of polarization curves
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Cell constituents with liquid electrolyte
(the problem of the reference electrode)
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V- Cyclic voltametry




Electrode / polymer electrolyte interfaces
Charge density is function of (i) roughness; (ii) scan rate

Cathode probing Anode probing
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CVs without Reference Electrode Charge density measurements

* easy to 1mplement

Liquid electrolyte Polymer electrolyte s * NON-iNtrusive

dectrolyte polymére

— Polas—3

m o
4 catlyseurs

L]

Vo 4 a5 44 oz w0 oz o os s te 23 5678 91001213
Cellvolfage / Volt Coll mamber

Current / mA

05 00 05 E 1 4 ” 12 o
Cell voltage / Volt

Scan rate /s
04 02 00 02

col votege Vot
¥ flecsFrance

¥ flegoFrance



Optimization of charge density distribution
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Stack characterization : Z distribution
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VI- Electrochemical Impedance
Spectroscopy (EIS)

Single cell impedance
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VII- Durability tests



MEA durability measurements ) Electrodes durability measurements

(internal reference; half SPE resistance on each electrode)
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VIII- Degradation processes

Need fi

monitoring
* On-site diagnostic
» Maintenance

Some cell degradation processes ) Example 1 : SPE and cathode poisoning

SPE in contact with deionized
water circulating in SS pipes

* activity losses
* increasing SPE res

* SPE poisoning
* cathode poisoning
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* maintenance
* MEA treatment
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Conclusions & perspectives
Main limitations of PEM water electrolysis
* cost (capex)
¢ durability
* scale-up

Some improvement targets

* reduced PGM contents and non-PGM catalysts

* operation at higher current densities

* better performances at higher current densities (opex)
e stationary and cycling operating conditions

* improved durability (— 10* - 10° hr)

* scale-up (— 102 - 10° Nm® H, / hr)
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