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Technologies

Alkaline Electrolyser (AEL)

Anion Exchange Membrane Electrolyser (AEMEL)

Anion Exchange Membrane Fuel Cell (AEMFC)

Proton Exchange Membrane Electrolyser (PEMEL)

Proton Exchange Membrane Fuel Cell (PEMFC)

Solid Oxide Electrolyser (SOEL)

Proton Conducting Ceramic Electrolyser (PCCEL)

Final
validation

prototype

PTL/GDL

Electrode >
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CRM free or lean solutions prospected
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Ground-breaking innovations of SUSTAINCELL underpinned with sustainable processing:
1a,b: F-free or F-lean polymers for PEMEL, PEMFC
2a,b: F-free polymers for AEMEL, AEMFC

Anion exchange — OH-
membrane H, h— ° >
electrolyser HO °
- 3: CRM-free HOR/HER electrocatalysts for AEL, AEMEL, AEMFC
— 0 4: CRM-free OER electrocatalysts for AEL, AEMEL

Solid oxide H, «— 0% \
electrolyser H,0 —* \
5: CRM-free ORR electrocatalysts for PEMFC, AEMFC

o o ................ - - SNARARARRNN = B N 6: CRM-lean OER electrocatalysts for PEMEL
7: CRM-lean ORR electrocatalysts for PEMFC

— 8: CRM-free or CRM-lean electrodes for SOEL, PCCEL

“— Ho0 9: Ni-lean or Ni-free CRM lean electrodes for SOEL, PCCEL

10: CRM-lean, Ni lean cell architectures for SOEL, PCCEL

11: EoL strategies: a) MEA recycling; b) Oxides recycling; ¢) PGMs, Ni, Co, REEs recycling

Proton conducting
ceramic electrolyser
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Circular approach

Definition and optimization of
transformation processes for
conversion of recovered
materials to sustainable
feedstock

Evaluation of required resources

Disassembly steps and
management of non-recoverable
waste

Novel processes for pre-
treatment, separation and
recovery of CRM and ionomers
from scraps and wastes

—=

Sustainable

materials

N
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conversion and P
recycling

=]

Pre-treatment
and recovery

]

Sustainability driven
processes guided by
LCA, LCIA and techno-
economic assessment

Disassembly

New materials

Recycled materials

i

Eco-design

Green
manufacturing

= New cell architectures

= New manufacturing routes

(included high throughput / Al
assisted process)

H, o,

Cell
operation

Benchmarking

= Validation of performance and
durability at cell level
= Round Robin testing
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Example 1: Low temperature Ni-based anode catalyst for
AEMFC (Gen 1)

Derived by annealing a Ni-MOF -> Ni@N-C core®@shell materials

Mechanochemistry
+ Solvent-free

* No heating

» Simple and fast

» Easy scaling up
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H,BTC  Ni(OAc),
Ultra Fast
Synthesis (UFS)
by Ball Miling
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Pyrolysis under
different
atmosphere

Final catalyst :
Ni core@shell
nanoparticles

Ni_MOF_UFS
based catalyst
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15t Gen Ni-based anode catalyst for AEMFC

Cell Voltage (V)
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2" Gen Ni-based anode catalyst for AEMFC (unoptimised)

Ni@NC structure two-step synthesis :
a) Ni NPs formed on carbon support, b) deposition of a N-C shell

Clean Hydrogen
Partnership

1.1 2nd Gen SUSTAINCELL
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Example 2: High temperature: PCCEL

» "Non-optimized" cell architectures ‘ Nanostructured architectures using
nano-fibers

Steam electrodes:
Composite Electrolyte + (Ba,Gd,La)Co,0; ;
(Pr,Ba,Sr)(Co,Fe)0; 5

_ Electrolyte:

: O L el (Ba,Sr)(Zr,Ce,Y,Yb)O; ;

Y Pg e’ v H, electrode: Ni + Electrolyte:
() SINTEF : — Ni-(Ba,Sr)(Zr,Ce,Y,Yb)O, ;

Reducing Co and
REEs /unit cell
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Electrode fiber mats and fibers

PBSCF: (PrBag 55r¢ 5)(Coq sFeg 5)0s.5

Clean Hydrogen

Porous electrode ., Partnership
PBSCF Precursors Electrospun PBSCF Electrospun mat cut COUPOI:'S a!'mealed we® matusedasis e
+ PVP* in DMF ¥ precursors/PVP mat into coupons inar ~ Porous mat is
crushed and fibers SINTEF

used in inks

*PVP = polyvinylpyrrolidone
= polymer carrier for
electrospinning.
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Architectures screening

INTERFACE BZCY with Commercial

INTERFACE BZCY with CeO, / Nano-

PBSCF round grains

PBSCF CP ink PBSCF NF CP ink

Fiber PBSCF

PBSCF NF ink / CeO,(100nm) PBSCF NF ink / CeO,(200nm)

INTERFACE BZCY with CeO, / Commercial PBSFC round grains

PBSCF CP ink / Ce0,(190nm)  pBSCF NF mat CP ink / CeQ,(100nm)

PBSCF NF CP ink/Ce0,(200nm)

- SUSTAINCELL

. Clean Hydrogen

artnership



Co-funded by the
European Union

Surface CeQ, layer  dr
(not coated by thip

PBSCF)
SINTEF

Surface PBSCF
fiber mat (Au
from current
collection)

PBSCF CP ink /
Ce0,(100nm)

PBSCF NF mat CP ink /
CeOZ(ZOOnm)

Surface PBSCF
commercial
powder

o
foptr ('«“
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PBSCF CP ink
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Electrochemical characterisation

» Measurements using Probostat™
» Temperature dependency

» Wet and dry conditions

WE

RE CE (PBSCF- RE
(Pt)  Ink)  (PY)

. In plane view of :

WE

<+— 18 mm —

i4— 8mm —¥

‘«— 18 mm -

. In plane view of :

CE and RE
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Effect of electrodes : R

p,total
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Effect of electrodes : MT and CT
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Reduction of CRM?

pH,0 =0.022 atm

About 25% less PBSCF material utilized
in PBSCF-NF-ink versus PBSCF
commercial powder - ink positrode.

Employing electrospun nanofiber
architectures lowered the polarization

500 550 600 : ;
Temperature (°C) resistance by = 97 % at 600 °C.
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The project is supported by the Clean Hydrogen
Partnership and its members Hydrogen Europe and
Hydrogen Europe Research under Grant Agreement No
101101479.
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