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Characteristics of Perfluorosulfonic Acid
(PFSA) membranes

Operation
¢ Advantages High temperature and low relative humidity
Excellent proton conductivity ﬂ

High Chemical inertness .
Good thermal stability Conductivity loss
Good durability in fuel cell ﬂ

Polymer with high IEC: Excessive swelling

.

Cross-linking  Composite

€ Two methods for cross-linking PFSA membranes
. Cross-linked PFSA membranes by formation of sulfonimide

. Cross-linked PFSA membranes by formation of perfluoroalkyl

€ Inorganic component : Zirconium phosphate (ZrP)
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Evidence for Cross-linking from FT-IR/ATR
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Evidence for Cross-linking from 1°F NMR
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‘ Evidence for Cross-linking from XPS- N 1s
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‘ Evidence for Cross-linking from XPS- S 2p
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Evidence for Cross-linking - SEM-EDX
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SEM micrograph of PFSA-Nand its sketch map of
7 point analysis across the membrane thickness.
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Evidence for Cross-linking from SEM-EDX
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Properties of Cross-linked
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@ Cross-linked PFSA membranes by formation of
perfluoroalkyl
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Cross-linking reaction: heat-induced  Bromoalkyl

TGA of the resin Process of thermal treatment by solution casting

Temperature°C) Mass lost (w %)
20 ~ 100 (drying for 1h 6.0 (water)
115 ~ 230 2.8 (Br,+H,0)
256 ~ 600 Decomposition
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Characterisation
of Cross-linked PFSA
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Preparation of composite membrane by
lon-exchange/precipitation

DV VYV VN
Iso:,,H CF,
‘ + "ZrP" ——> Cross-linked and Composite
SO3H CF2
| ! PFSA Membranes
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-|~| -|~| -|~ &
ZrOCl, solution H,PO, solution H,0 Crosslinked and
composite membrane
Samples IEC Thickness| Content of
P (mmolig) | (um) | “ZrP” (wo%)
PFSA-XL-Br-ZrP-1 1.50 40 5
PFSA-XL-Br-ZrP-2 1.50 40 13
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Dimensional change and Water up-take

Properties of cross-linked R o | 108
and composite membranes )

® \Water up-take and Dimensional chan
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® Proton conductivity
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“ZrP” structure :
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Single cell characterization

--- Electrodes: E-TEK

--- 30% Pt/C; 0.5 mg Pt/cn%; 0.6 mg
Nafion / cn?

--- Humidified H ,, O,

---Controlling temperature and Pressure
H2/02 1.5 bar (Abs) with hydration (H2:80°C - O2 : 64 °C)
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Conclusions

€ Two cross-linking approaches have been described for PFSA, with
macroscopic and local characterisation of properties

€ Crosslinking stabilises high | EC/low EW membranes against excessive
swelling

- lowers the water uptake and dimensional change

- improves the mechanical properties

€ High proton conductivity is maintained in cross-linked and composite
membranes

€ Preliminary MEA characterisation shows that the presence of the ZrP
component allows higher temperature operation, to 120
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