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a b s t r a c t

The recent developments in combining photo-irradiation-based and membrane technolo-
gies are analyzed in this review. It is emphasized that the effects of photo-initiated reactions
onto properties of polymeric membranes will largely depend on the nature of the mem-
brane’s barrier (i.e., porous vs. non-porous, uncharged vs. charged, or involving affinity
interactions). For de novo preparation of membranes from low molar mass or soluble pre-
cursors, photo-initiated polymerization and photo-cross-linking are the main pathways,
while photo-degradation for pore formation is only rarely applied. Membrane functional-
ization (modification) is described with many examples, organized into photo-cross-linking
of membranes and photo-grafting of membrane surfaces, either via “grafting-to” or via
“grafting-from” routes. Photo-stimulation of barrier properties is an attractive concept to
create stimuli-responsive membranes, and various ways to use photo-chromic moieties for
that purpose are discussed. Overall, photo-irradiation-based methods can be very versatile
enabling technologies to improve the performance of polymeric membranes in technical
separations (e.g., in gas separation, pervaporation, ultra- and microfiltration or as mem-
brane adsorbers) and other processes (e.g., for controlled release or in sensor systems), and
they will definitely also contribute to the development of entirely novel membrane-based
materials.
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1. Introduction

Photo-irradiation has a special role for life on earth
because it serves as an important source of energy; photo-
synthesis is of crucial relevance for the global ecosystem.
A more efficient use of solar energy is considered one of
the key issues for sustainable development of mankind.
Artificial sources of light have been used by men since
very early days, and many more or less sophisticated
versions are established nowadays. Light is used in infor-
mation technologies for data transmission and storage.
In many other technical applications, selective excitation
with UV–vis irradiation is used to initiate chemical reac-
tions which would not be possible via other pathways or
which would be less efficient due to unwanted side reac-
tions or effects. The synthesis, modification and controlled
degradation of natural and synthetic polymers using photo-
chemical methods are an important area.

Membranes are also essential for life; biological mem-
branes form and define individual compartments on the
cellular and sub-cellular levels. Any membrane is an inter-
phase between two adjacent phases acting as a selective
barrier and regulating the exchange of substances between
the two compartments. Synthetic membranes are nowa-
days established for a large variety of applications, and
many more are targets of intense research and develop-
ment. The main advantages of membrane technology as
compared with other unit operations in (bio)chemical engi-
neering are related to the unique separation principle, i.e.,
the transport selectivity of the membrane. Separations with
membranes do not require additives, and they can be per-
formed isothermally at low temperatures and – compared
to other thermal separations – at low energy consumption.
Also, upscaling and downscaling of membrane processes as
well as their integration into other separations or reaction
schemes are easy. Membrane technologies are considered
as key technologies for process intensification. The majority

of technical membranes are made from polymers because a
very wide variety of barrier structures can be realized with
this group of materials.

It is the aim of this review to give an overview on
the recent developments in combining photo-irradiation-
based and membrane technologies. Because the rapid
growth of membrane technologies has started only in the
1980s, there are only occasional papers on that topic in the
earlier literature (and if so, more in side areas of mem-
brane technology such as materials for coating, packaging
or sensing). In agreement with the scope of this journal,
we will focus on the work in the last decade. However, to
our knowledge, such a comprehensive review on the topic
has not yet been prepared before. Therefore, we will also
include important examples from the earlier period. Brief
introductions are given into the fields of photo-irradiation-
based technologies (with focus on polymers; Section 2) and
of polymeric membranes (with focus on concepts, prepara-
tion methods and functions of membrane systems; Section
3). The main part of this review is organized according
to the three different ways, photo-irradiation can be used
to create novel or improved membrane systems based on
polymers (as already indicated in the title of this paper; Sec-
tion 4). The conclusions part will also involve a brief outlook
towards possible new developments in this interesting area
(Section 5).

2. Photo-irradiation and technologies based
thereon

2.1. General characteristics of photo-reactions

Photo-chemical reactions in the most general sense are
reactions induced by ultraviolet (( = 100–400 nm), visible
(( = 400–760 nm) and infrared (( = 780–20,000 nm) radia-
tion [1]. In this review we will focus on photo-chemistry
based on excitation with light of wavelengths in the range
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