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Reinforcing Approaches

Goal: while preserving the very high conductivity;
reduced swelling, elasticity

Introduction

Sulfonated poly(phenylene sulfone)s as membrane

materials for PEM applications:

* Higher proton conductivities compared to PFSA
membranes
High thermal, oxidative, and hydrolytic stability
in comparison with other poly(arylene sulfones)
Increased acidity through electron-withdrawing

sulfones _ | o Compatibilized blend of
High density of very narrow well ordered . | 25 26 27 - sulfonated polysulfones

(1000/T) / K

hydrated domains (~0.5 nm compared to ~2 nm | . SO I ) 0% 20% 100% and hydrophobic polymers
for Nafion®) FO-so ot $220 500, /

~ Mechanical Properties ~

Unsatisfactory mechanical
properties in the dry state * Hydrophilic-hydrophobic
(low RH) and at very high RH Multiblock Copolymers [3]
Previous study utilizing polysulfones

$220
fion® 17 ° Relative humidity (RH): - Acid-Base Blending

: : brittleness soluble or  Fi i .

Unique microstructure controlled by strong o o | Fiber ComEosmes matrix

. : ’ ’ ’ ’ ’ S$360
electrostatic interactions {_GSOZC}S%QSOZOSO% 360 nteraction with matrix

grafted site .
. um

IEC = 2.78meq strong swelling
EW =360 geq‘lj y

induced by grafting

e Conductivity & Structure ~— Mechanical Properties —

Previously: Multiblocks [3]

o |[EC(multiblocks) =1.2-1.7 meq/g o
7R e ‘ <:> O O O Higher conductivity than randomly
+So _<;>_]:SO - ) ’ ” c)]lm sulfonated materials (same |IEC)

of pure S220

IEC(multiblock) =1.3 meq/g
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intensity (a.u.)

v' Preserved high

| 5220 conductivity

7: - multiblocks

D

o

o
1

* Multiple sequential coupling of:
* Hydrophilic fully sulfonated poly(phenylene |
sulfone) blocks : i
* Hydrophobic poly(arylene ether sulfone) Sor | |
blocks 5 i

RH=70%

L v' Reduced swelling at
T e— multiblock high RH

Same |IEC | RH=50% RH=30% Nafion® 117 .
L - =T Ri=10% — Complex preparation

= - ' e —
§(|'3 meqlg) b o — Brittle when dry

0 T T T '
100 120 140 160 180

" multiblocks - * Nano-phase separated bicontinuous 2o @0
randorhly sylfonated morphology (d~15 nm) * |-5 times higher storage moduli than

:50% I 65% I 80% : 90%

PR 27 Preserved S220 microstructure Nafion®, T > 100°C possible
- AN /
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Homogeneous blend systems, e.g. S360 & PBIOO

Acid-Base Blending
Conductivity & Structure

Mixing of two polymers in solution: o TIC o0

- S360 3 S360 Ihilaﬁon@ +II7 blienidlsf
- Basic (modified), mechanically i i

stabilizing component | |
Compatibilization via ionic interaction | |
Variation of ionic interaction strength A increasing (10-30)
(via basicity) and amount of hydrophobic polym
interaction (via modification degree) ” I - I
Investigation of several membrane ooom e
depositioning techniques (vacuum * Conductivity loss mainly due to volume effect

oven, coater, printer) * Micro-phase separated basic component (~2-10 ym) : - ol
| (4] | 0 Dl (]

2.3 24 2.5
(1000/T) / K

5 % PBIOO

Mechanical Properties , ,
HO,S SO5H v’ Simple preparation process

S360 +® O <o - + ' Do w1 ¢ Stress-strain behavior impacted by v Preserved high conductivity
‘_ S N _‘ composition and modification degree v Improved mechanical behavior
PSU-py - Not systematic at high T, low RH

— Phase separation gives only small
* Molecular weight of both components have mechanical improvement

Cc=0 -_ .'
{-@*SOQOOOHQ—SOZOOOi _'. - - | critical impact on stress-strain behavior — Homogeneity accompanied by

T T
10 15 20 25 30

L, srin % significant conductiviy loss

rel. Stress /(N/mm?)
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o ] o v Viable method for thin Department Maier
T=80°C Performance similar to

* Porous (~50-70%) Polyethylene/Polypropylene R i T membrane preparation
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matrices impregnated with solutions of —~ afion® v Ungrafted composites show o A Ko
S360 P FC-test conducted on
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