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Innovative ceria nanoparticles decoration for composite
Aquivion® proton exchange membranes
with improved lifetime
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New green deal @

2030 -55096 emission

2050 Carbon neutrality

H, Circular economy

https://youtu.be/IDcro7dPgpA?t=1112
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New ECEV in Australia ﬁ

H, Fuel Cell Electric Vehicle

887.5 Km range

© Hyundai

3-5 Minutes to refill

| Hyundai Nexo breaks world record for longest distance travelled in a FCEV
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What are their limits?
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Costly catalysts needed

Fe migration +
=\ Clusters formation

Carbon +.__/ :
active site corrosion

Turn over frequency

(electron s g)

O, binding energy (eV)

https#gbeittdnydn Atetassaih AdRAZSHh Joalehd(lanBsibhnye-

stillwater-form-a-strategic-partnership-to-secure-critical-metals

Limited lifetime

Energy and Fuels, 5(14), 3687-3699.
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Using silanes bearing a perfluorinated alkyl chain cjvb\/‘*’oz N £ .
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» Anchoring CeO, NPs to impede their migration " ———ae 0

Maintaining the radical scavenging effect of CeO,




Silane functionalization

Two silanes were investigated Solvent
o
(o)
Ooe
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cm/
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cm/
NH, >CF2 DMF Toluene Ethanol
APTES PFSEtOS
1 Conditions
o ™o o ™o
SYREEY @
(3-AminoPropyl)TriEthoxySilane 1H,1H,2H,2H-PerFluoroOctyltriEthoxySilane 24h 120°C 3:1 Anhydrous
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o1 Thermal characterization: TGA

0 p O v v e n — 2AWt(150-950°C)
a n — rs —OH MWgy,o0 WtC€02(950°C)
1
c h a ra cte r' at - o n AWt1c0-950°c= Nsitane - MWg +§- (noH + Wtceo,(950°C) — znsuane) - MWy o
1zatl 1

+ 5 "Nou-sitane - MWh, 0

Mezzomo, L., Bonato, S., Mostoni, S., Di Credico, B., Scotti, R., D’Arienzo, M., Mustarelli, P., & Ruffo, R. (2022). Electrochimica Acta, 411, 140060.
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Pristine and functionalized nanoparticles
were compared

02 Infrared spectroscopy
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TGA
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07 4 — CeOz-APTES
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From 30°C to 1000°C at a speed of 10°C/min with an isotherm of 10 min at 150°C; under 50mL/min air flux
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Infrared
spectroscopy
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Commercial Aquivion® Adding the NPs

Pre pa ration Of the Commercia D72 dispersion All NPs are dispersed in 7:3

was provided by Solvay. THF:DMF dispersion.

na noco m pos ite That is also added to

Aquivion®_reference

membranes

R - Cast in Petri dishes Drying procedure
5 Slight modification of
=% Solvay’s casting procedure Casting were performed I. Overnight at 60°C
both with Dr. Blade and petri
dish solvent evaporation. II. 5hat90°C
ITII. 1Th at 190°C
i
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Nanocomposite
membrane
characterization

Thorough physicochemical characterization

TGA

XRD

Water uptake

Traction test

DSC

IR

Swelling ratio

Fenton test

Conductivity




Thermal characterization

TGA DSC
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Compositional characterization

XRD IR
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Water management

Water uptake Swelling ratio
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Durability tests

Stress-strain curves Preliminary Fenton test
45 - .
|~ Aquivion_ref
Ty Aquivion+CeO,
|— Aquivion+CeO,-APTES
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Conductivity

Temperature [°C]
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Conclusion

The goal was to produce
nanocomposite membranes
with longer lifetimes

and improved properties

To asses the radical scavenging effect, a proper Fenton test and
accelerated stress test will be conducted.

Nanocomposite membranes show better mechanical properties than
reference; the grafting helps achieve higher elongation before breaking.

Conductivity proved to be far lower than expected even in the reference
membrane.

This could be ascribed to a detrimental effect the THF:DMF mixture has
had on the microstructure of the film.

To investigate this further analysis will be conducted in the form of time-
domain NMR, 2°Si NMR, and EDX-SEM imaging.

Further characterization includes BET on the NPs, as well as IEC
measurements and DMA tests on the composite membranes.

Besghini, D., Mauri, M., & Simonutti, R. (2019). T Applied Sciences, 9(9). ‘

g



Firstly, different treatment on the pristine NPs will be explored in order to
obtain a higher decoration.

New silanes bearing different perfluorinated lateral chains will be

F u t u re Wo rks investigated to evaluate the effect of chain length.

The results are onIy pa rtial The use of surfactants, in place of the THF:DMF mixture, will be explored
to disperse the functionalized NPs in the commercial D72 Aquivion®.

additional research will be

conducted on the matter Finally, MEAs will be prepared and tested with the most promising
nanocomposite membranes.
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That would be all

I am here for questions
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