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PFSA Ionomers

Electron flux

Improve performances (operating window, chemical stability)?

Allen, ACS MacroLett. 4 (2015)1

Kusoglu, Chem. Rev.117 (2017) 987−1104993

Crystalline
Region

Rod-like Elongated Polymer Aggregates

Rubatat, Macromolecules 35 (2002) 4050



Inorganic Particles for Chemical Stability

Choi, ACS Applied Materials & Interfaces 13 (1) 2021 806

Increased Chemical 
Attacks

Mechanical Stressors

Kusoglu, Chem. Rev.117 (2017) 987−1104993

Trogadas, Electrochemical and Solid-State Letters, 11 (2008) B113

CeO2

 1–2 wt.% of Inorganics
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VinothKannan, ACS Appl. Mater. Interfaces, 12 (2020) 5704

Improve Mechanical Properties

Inorganic Particles for both Chemical  Mechanical Stability

 1 wt.% of Inorganics

Keep Performances

T=60°C

Enhance Stability
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Higher water retention at
high T

Higher stability at low RH

Inorganic Filler For Better Water Retention

 Chemistry
 Concentration
 Morphology
 Processing

Kusoglu, Chem. Rev.117 (2017) 987−1104993

Tcell = 80 °C

Jalani, Electrochimica Acta 51 (2005) 553–560

Tcell = 135°C

T= 90 °C

 3–4 wt.% of Inorganics

Inorganic
filler particles

(e.g., Silica (SiO2)
ZrO2, TiO2, ZrP)

Modified local 
interactions
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NSSH3

NSSH90

N

NSSH-1000 

80°C – 30% RH

Kumar et al., International journal of hydrogen energy 34 (2009) 9788

Manage Interfaces by Inorganic Functionalization?



Inorganic Materials for Improving Proton Transport
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SO3H

SO3H

Simari, Electrochimica Acta 380 (2021) 138214

T = 80°C
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Covalently crosslinked

T = 160°C

Inorganic Fillers for Improving Mechanical Properties

Krishnan, Journal of Membrane Science 560 (2018) 11
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Composite Membrane : Moving to 2D Interface

 Fibers
Conducting or non conducting materials
Inorganic materials

 Matrix
Conducting or non conducting materials

T = 80°C

Ballengee, Macromolecules 44 (2011), 7307

Nafion
@ Polyphenylsulfone fibers

Polyphenylsulfone
@Nafion fibers



DURABILITY : Mechanical Stability
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Richard, Adv. Mater. Interfaces 10 (2023) 2201601

« Reactive » Electrospinning

SiO2

PVDF-HFP

5 cm 50 µm

100 m
100 m
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Conclusions and Remarks

 PFSA membranes « well-studied » and « well-known »
- Chemistry
- Composite for improving chemical/mechanical properties
- How to bring the second «element (polymer, inorganic) » to polymer matrix ?

Gore select

 Facilitating creative thinking through the consideration of the Membrane Electrode Assembly (MEA) and the entire 
process, which includes

- Scalable, costly and appropriately green process  
- Integration of recycling practices

 Utilizing the electrolyte to assess the condition or health of the Membrane Electrode Assembly (MEA)

 Developing continuously operando tools to measure water profiles in the MEA

 Non-fluorinated membranes: limited studies available
- Various Chemistries explored
- Membranes allowing enlargement of operating window are designed

PSU, PBI, and others….
- Less studies on composites membranes

PEMION

Conclusions and Remarks
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