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Preface

In the last decade, we have witnessed a rapid growth in re-
search and development of nanotechnology, especially nanostruc-
tured materials. Nanostructured materials of high surface area
present great promises and opportunities for a new generation of
materials with improved and tailorable properties for applications in
sensors, optoelectronics, energy storage, separation and cataly-
sis.

Interested in making materials from nanoscale building blocks
arose from discoveries that by controlling the size in the range of
1~100 nm and the assembly of such constituents, one could alter
and prescribe the properties of the assembled nanostructures.
Nanoscale phenomena and objects have been around for some time,
Catalysts, for example, are mostly nanoscale particles, and catal-
ysis is a nanoscale phenomenon. What is new and different now is
the degree of understanding and deliberate control and precision
that the new nanoscale techniques afford. Instead of discovering
new materials by random search (trial-and-error), we can now de-
sign them systematically. Nanostructured materials can have crys-
talline, long-range ordered or disordered structure and may contain
pores of the dimension of nanometers. Some applications such as
catalysis take advantage of high surface area and pore confinement
effects. Synthesis and processing of nanoparticles/nanostructures
require new approaches such as molecular templating and intercala-
tion in a bottom-up manner. By such approaches, nanomaterials
can be designed and tailor-made at the molecular level. Manipula-
ting matter in such a small scale and with precision control of its
properties is one of the hallmarks of nanotechnology.

From a practical catalysis standpoint, a large specific surface



for nanoparticles is most desired. However, fine powder catalysts
can cause serious operational problems such as difficulties in load-
ing, pressure drop, and separation of catalyst from the reaction
products. A feasible approach to generating a large and accessible
surface area of catalyst but avoiding the morphology of fine powder
is to create a composite or immobilized structure. One can disperse
nanoparticles of metal oxides in an inorganic support to stabilize the
discrete nanoparticles, meanwhile maintaining most of their sur-
face accessible to reactant molecules, by methods such as impreg-
nation of metal ions in nanoporous supports, ion-exchange and in-
tercalation (as in pillared clays). However, the traditional meth-
ods of preparing the catalysts such as impregnation often result in
agglomerated catalyst particles in the support, thus decreasing the
active surface area, and uniformity of the active centers, With
nanostructuring techniques. active meatal or oxide precursors can
be incorporated or grafted on the nanoporous support during syn-
thesis thus not only increase the control in catalyst particle size,
surface area and dispersion, but also eliminating the cost and prob-
lems associated with impregnation.

Since the early 1990s, a large number of microporous and me-
soporous materials have found wide applications in catalysis,
Major breakthroughs in materials synthesis such as the templated
synthesis of mesoporous molecular sieves M41S and porous clay
heterostrucutures have opened exciting avenues for designing new
classes of nanoporous materials based on molecular templating and
self-assembly principle (with pore dimensions between 1 to 10
nm). These materials offer great potential for applications in sepa-
ration and catalysis, particularly reactions involving large and
bulky molecules.

In this very beginning of the new century, we are excited at
the prospect of an explosion of revolutionary discoveries at
nanoscale, The new millennium presents opportunities as well as
challenges to scientists and engineers working in this dynamic field
of catalysis in terms of the tailor-design, synthesis and character-



ization of catalytic materials. In this regard, | am pleased to pres-
ent this book, an excellent works by Professor Zi-Feng Yan of the
University of Petroleum who is an expert in heterogeneous cataly-
sis, nanocatalyst synthesis and characterisation internationally.

This book featuring the theme on Nanoscale catalytic technolo-
gy is a timely addition to the field of nanomaterials and catalysis
both in China and in thc world. Its eight chapters cover topics
from “introduction to nanotechnology”,  “characterisation tech-
niques”, “nanomaterials synthesis methods”, “molecular sieves
and their applications”. to “membrane catalysts and enzymic catal-
ysis”. Fundamentally. this book discusses important issues in mo-
lecular sieves synthesis, and catalyst design and nanostructure tai-
loring in order to discover new opportunities for making novel and
high performance nanostructured materials and their implications
on catalysis science.

This book constitutes a state of the art review of the advances
in nanomaterials and catalytic technology. I hope the readers will
find it, as well as I do, a comprehensive, outstanding and very

useful research monograph.

Professor Max G. Q. Lu FTSE FIChemE
The University of Queensland
10 Feb, 2003 Brisbane, Australia
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