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Foreword

It is with great pleasure to present to you this book on the “Functional Nanos-
tructured Materials and Membranes for Water Treatment.” Nanomaterials are an
emerging area in science that demonstrated achievements occurring in the last two
decades. We can date its beginnings from the name, ‘nanotechnology’, which was
originally coined by Norio Taniguchi, a professor from Tokyo University of Science,
in 1974. The emergence of nanotechnology research appears to have come later
with the advent of the scanning tunnelling microscope in 1981 and the discovery of
fullerenes in 1985. So from that time, besides the concept, we acquired the capacity
to identify and characterise nanostructured materials, and this marks the start of
the field of science dedicated to the nanoscale.

Nanotechnology is basically the field of science involving the manipulation of
matter or theory at the atomic or molecular scale. In doing this, we have unearthed
in exciting new properties that can influence the wavelength of light, increase the
efficiency of catalysts, selectively diffuse small molecules, and even allow particles to
penetrate living cell membranes. It is interesting to note that the natural world has
been based on nanostructured materials throughout evolution, and thus, mankind
has just started to recognise the need for tools to explore properties of materials in 1
to 100 nm range. It is no wonder that governments around the world have invested
billions of dollars specifically in nanotechnology. While industries can harness the
different benefits of such materials for energy, foods, mining and, electronics, this
book focuses on the advances for water treatment.

Water will always be an essential factor to our lives, and thus, there is an ongoing
cause for researchers undertaking efforts to secure sustainable water sources and
reduce water pollution. Water treatment is an area where I have spent much
of my career, principally in the field of membrane science. During my work I
have explored membrane transport properties and fouling mechanisms, which
has contributed towards the underpinning science of the widespread membrane
technology in the water industry. This is quite remarkable for a technology that
was little heard of nearly half a century ago, and is recently one of the most widely
adopted water treatment technologies. Over the years, membrane technology has
involved working with nanostructured materials, although until now it has not
been considered as a branch of nanotechnology. Now researchers are turning to
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nanotechnology to address the challenges to a sustainable water future, and in
many cases this involves the marriage between nanotechnology and membrane
technology. Many of the contributors to this book are membrane scientists and
engineers who have the vision that membranes are an invaluable technology
in water treatment and it can be enhanced by nanotechnology. Conventional
membrane technology already includes a process of separating nano-dimensional
molecules known as Nanofiltration. This technique is commercially applied, for
example, to remove organic materials (e.g. natural organic matter or sugars)
from salts. However, a recently successful development that deliberately combines
membrane technology and nanotechnology is the inclusion of nanoparticles in
desalination membranes. This work, coming out of the birthplace of reverse
osmosis membranes, the University of California at Los Angeles in the USA, has
now entered the market as a commercial desalination membrane. The inclusion
of nanoparticles within the polymer structure of membranes has performance
and practical benefits, that has also been explored in other forms of membranes,
including ultra and microfiltration. While we see this activity rising rapidly into
commercialisation, this book also presents work in catalysis, sensing, adsorption,
membrane modification, ion exchange, inorganic membranes, and nanoscale
modelling of membrane diffusion and interactions. Therefore, this book presents a
comprehensive overview of the progress in nanotechnology to enhance membranes
and other processes in water treatment. Whether you are an academic or working
in industry, scientist or engineer, student or professional, this book will have
relevance in your practice.

Professor Tony Fane

UNESCO Centre for Membrane Science and Technology
University of New South Wales, Sydney, Australia

and

Singapore Membrane Technology Centre

Nanyang Technological University, Singapore



Series Editor Preface

The Wiley Series on New Materials for Sustainable Energy and Development

Sustainable energy and development is attracting increasing attention from the
scientific research communities and industries alike, with an international race to
develop technologies for clean fossil energy, hydrogen and renewable energy as well
as water reuse and recycling. According to the REN21 (Renewables Global Status
Report 2012 p. 17) total investment in renewable energy reached $257 billion in
2011, up from $211 billion in 2010. The top countries for investment in 2011 were
China, Germany, the United States, Italy, and Brazil. In addressing the challenging
issues of energy security, oil price rise, and climate change, innovative materials
are essential enablers.

In this context, there is a need for an authoritative source of information,
presented in a systematic manner, on the latest scientific breakthroughs and
knowledge advancement in materials science and engineering as they pertain to
energy and the environment. The aim of the Wiley Series on New Materials for
Sustainable Energy and Development is to serve the community in this respect.
This has been an ambitious publication project on materials science for energy
applications. Each volume of the series will include high-quality contributions from
top international researchers, and is expected to become the standard reference for
many years to come.

This book series covers advances in materials science and innovation for re-
newable energy, clean use of fossil energy, and greenhouse gas mitigation and
associated environmental technologies. Current volumes in the series are:

Supercapacitors. Materials, Systems, and Applications

Functional Nanostructured Materials and Membranes for Water Treatment

Materials for High-Temperature Fuel Cells

Materials for Low-Temperature Fuel Cells

Advanced Thermoelectric Materials. Fundamentals and Applications

Advanced Lithium-lon Batteries. Recent Trends and Perspectives

Photocatalysis and Water Purification. From Fundamentals to Recent
Applications

XV
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Series Editor Preface

In presenting this volume on Functional Nanostructured Materials and Membranes
for Water Treatment, I would like to thank the authors and editors of this important
book, for their tremendous effort and hard work in completing the manuscript in a timely
manner. The quality of the chapters reflects well the caliber of the contributing authors to
this book, and will no doubt be recognized and valued by readers.

Finally, I would like to thank the editorial board members. I am grateful to their
excellent advice and help in terms of examining coverage of topics and suggesting
authors, and evaluating book proposals.

I would also like to thank the editors from the publisher Wiley-VCH with whom
I have worked since 2008, Dr Esther Levy, Dr Gudrun Walter, and Dr Bente Flier
for their professional assistance and strong support during this project.

I hope you will find this book interesting, informative and valuable as a reference
in your work. We will endeavour to bring to you further volumes in this series or
update you on the future book plans in this growing field.

Brisbane, Australia Gao Qing Max Lu
31 July 2012
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