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Abstract

In this study the behaviour and structure of a &{#fi117 membrane exposed to liquid water at
temperatures and pressures of up to 150 °C andHR&0respectively, were investigated. The results
clearly showed that, as the temperature of theremwient approaches or exceeds the glass transition
temperature of the membrane, it undergoes extessredling. This is connected with several changes
in the membrane structure which have a predomipaséftrimental influence on the functional
properties of the membrane, such as ionic condtictnd ionic exchange capacity. The extent and
rate of the changes increase with both rising teatpee and pressure. While the changes at 150 °C
and 700 kPa take place in the order of tens of g uat 110 °C and 500 kPa several hundreds of
hours are required. The changes are enabled bypaisation of pseudo-crystalline domains which
are responsible for keeping the membrane struattmet. The changes in the internal structure were
followed using small-angle X-ray scattering and ugissed by current-sensing atomic force
microscopy.

1. Introduction

Significant progress in electrochemical technologgr the last 50 years was to a large extent made
possible by ion-selective membranes based on peirflated sulfonated acids (PFSA), introduced by
DuPont. Today PFSA membranes are produced by s$entbexr companies besides DuPont, such as
Dow Chemicals, Asahi Glass and Fumatech under warimmmercial names like D8wNafior®,
Flemior? and Fumapefh Their products differ by the equivalent weightidength of the side chains.
The largest-scale application of these ionomelis ishlor-alkali electrolysis. Both products of this
technology,i.e. chlorine and sodium hydroxide, rank among the tep chemical compounds
produced worldwide. Currently, PFSA membrane-ba&s#id have already almost completely replaced
traditional mercury and diaphragm technologies. Tpplication of PFSA membranes allows
utilisation of the zero-gap cell arrangement chiarésed by the direct contact of the electrodek wait
ionomer membrane, minimising the inter-electrodgattice. This configuration enables a substantial
reduction of ohmic losses and consequently imprtive€nergy efficiency of the process [1].

PFSA membranes are also practically exclusivelyd us® proton-exchange membranes (PEMS) in
PEM water electrolysers as well as in low-tempesat@EM fuel cells (LT PEM FCs). Thus, they
represent an inseparable part of the conversioalaitrical energy into chemical energy and the
reverse conversion technologies of the hydrogenauy scheme [2-4]. The concept of the hydrogen
economy was introduced in order to effectivelyisgilthe electrical energy produced by renewable
energy sources which is characterised by high beitiaof electrical energy production [5]. The key
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