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A B S T R AC T

An important setback for a wider use of membrane processes in industry is fouling, caused 
by aggregation of biomolecules at membrane surface and pores. Two important approaches to 
reduce this effect are the use of chemical cleaning procedures and the functionalisation of the 
membrane surface. However, both processes may lead to membrane degradation and struc-
ture alteration due to free radical formation or radical interaction with membrane polymer 
chains. In this work, electron paramagnetic resonance (EPR) was used to evaluate and quantify 
radical formation in both chemical cleaning and membrane functionalisation by UV grafting, 
allowing for a better understanding of free radical formation processes and their infl uence 
on membrane characteristics. Studies under different cleaning and grafting conditions, such 
as, cleaning agent concentration and pH, light intensity and irradiation were also performed 
showing the potential of EPR as a technique for monitoring both procedures. The information 
provided by EPR may contribute signifi cantly to the development of new cleaning strategies 
which minimise the effect of membrane ageing and to the implementation of new and more 
effi cient grafting procedures.
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1. Introduction

Fouling of membranes caused by the adsorption and 
deposition of organic or/and inorganic material on the 
membrane surface and within the membrane porous 
structure is a major drawback of pressure-driven mem-
brane processes, leading to the decrease of membrane 
fl ux and selectivity.

Chemical cleaning is used to remove organic and 
inorganic foulants from membrane surface and pores, 
being the most common procedure for fouling control 
in membrane processes. However, cleaning agents used 

to remove foulants are usually aggressive and their suc-
cessive contact with membrane materials may lead to a 
decrease of membrane lifetime and, eventually, to mem-
brane replacement [1,2].

Several solutions and protocols are used for mem-
brane cleaning though, the most commonly used in 
reverse osmosis systems, consist in the usage of hypo-
chlorite solutions [2]. These solutions are known to orig-
inate free radicals [3] that not only oxidise the organic 
material present on the membrane surface but may also 
interact with the membrane polymer affecting its struc-
ture and lifetime. This interaction between free radicals 
and membrane polymer may lead to the formation of 
free radicals in the membrane material [4–6] which 
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