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Preface

There is currently an extraordinary amount of interest in nanoma-
terials and nanotechnologies, terms now familiar not only to scien-
tists, engineers, architects, and product designers but also to the
general public. Nanomaterials and nanotechnologies have been
developed as a consequence of truly significant recent advances in
the material science community. Their use, in turn, is expected to
have enormous consequences on the design and engineering of
everything from common consumer products and buildings all the
way through sophisticated systems that support a wealth of appli-
cations in the automotive, aerospace, and other industries. Hopes
exist for being able to make things smaller, lighter, or work better
than is possible with conventional materials. Serious problems
facing society might also be positively addressed via the use of
nanomaterials and nanotechnologies. In the energy domain, for
example, nano-based fuel cells or photovoltaics can potentially
offer greater efficiencies than are possible with conventional mate-
rials. Developments in nanomaterials and nanotechnologies have
consequently aroused the interest of many individuals involved in
engineering, architecture, and product design, whether in the auto-
motive, building, or even the fashion industries.

In the excitement surrounding these new materials and technolo-
gies, however, their potential can, and has been, frequently over-
hyped. A mystique surrounds these words that can cloud
understanding of what nanomaterials and nanotechnologies really
are and what they can deliver. One of the purposes of this book is
to demystify the subject and distinguish what is real from what is
not. Though there is a need to better understand what benefits and
costs might be associated with using nanomaterials, in the design
fields little true understanding exists about what these new materi-
als and technologies actually are and how they might be used
effectively. In the science and engineering domain the situation is
often the converse. The fundamental science-based knowledge is
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there, but not necessarily an understanding of how these materials
and technologies might be used to address real societal needs or,
more simply, to provide a basis for useful applications—a situation
often best described by the classic phrase “a technology looking for
an application.” Relatively few applications in architecture and
product design exist at this point, so there are few role models or
case studies to explore. Still, the core belief reflected in this book
is that nanomaterials and nanotechnologies do offer new ways of
addressing many current needs as well as providing the basis for a
positive vision for future developments. The book explores these
kinds of forward-looking potential applications.

The field is clearly in an emerging state, but its potential is evident.
The question is one of how to move forward. The position reflected
in this book is that this can only be accomplished by designers,
engineers, and material scientists working together. Yet simply sug-
gesting that these groups “collaborate” is usually ineffective. There
needs to be a common basis for communication and idea exchange.
The language of understanding spoken by one group can be foreign
to the other. Within this context, a primary goal of this book is to
provide both a common ground and a common language for better
understanding how to use nanomaterials and nanotechnologies
effectively. It seeks to convey the necessary technical understanding
of the essential ideas underlying these new materials and technolo-
gies to designers so that they might better be able to understand
how to exploit their characteristics effectively within a design
context. At the same time it seeks to introduce material scientists
and engineers knowledgeable about nanomaterials to design issues
and design processes. What design problems need to be solved, and
how do designers think about solving them? Only with this mutual
understanding can they effectively become engaged in developing
meaningful applications.

To meet these aspirations, the scope of the book is inherently large,
seeking to explore what nanomaterials and nanotechnologies are
and how they might be applied in diverse industries. However,
though the scope is large, the approach followed in this book is
based on the well-explored premise that most effective design
applications occur when there is a true in-depth understanding of
the materials or technologies involved and not when an overly
simplified approach is taken wherein discussions of technological
issues are reduced to an almost meaningless state.

The book has many unique features. It summarizes discussions of
many different ideas and technologies normally found distributed



all across the literature. A case in point occurs in Chapter 8 of this
book, which presents coverage of the many different synthesis
processes used for making nanomaterials. There are many in-
depth discussions throughout the literature of specific synthesis
methods, such as soft lithography or sol-gel deposition methods,
but these same discussions do not comprehensively cover other
techniques. The approach here is to explore all primary methods
of nanosynthesis and the mechanical, thermal, optical, and electri-
cal properties they create—a comprehensive view that will be
welcomed by teachers of engineering and material scientists. A
broad knowledge of resulting properties is important, too, for any
designer or engineer trying to use nanomaterials. It can be difficult
to locate real values for properties of nanomaterials; a mechanical
property may be reported in one source, a thermal property in
another. In writing this book, considerable effort was put into
sifting through the literature to identify credible values for primary
properties.

Even once some of these properties are known, experience in the
design world suggests that these values have to be placed in com-
parison to more traditional materials before they will be used,
particularly given the higher costs of nano-based materials. A good
way to explore materials and to select them to meet specific design
objectives is to present their properties as “material property charts.”
These charts give a graphical overview of material attributes and
allow comparisons to be made between them, as well as serving as
a basis for more advanced material selection and related design
techniques. Critical properties of various nanomaterials have now
been incorporated into these kinds of charts, facilitating an under-
standing of where and how to effectively use nanomaterials within
a design context.

In a broader sense, another unique feature of the book is the overall
orientation to applications. Discussions are focused around think-
ing about products and buildings via the nature of the involved
physical environments, systems, and assemblies. Environments may
alternatively be considered either as an integral part of a design,
such spaces as within a building, or as defining the context within
which a product operates or is reflective of its salient mode of
operation. Systems are generally defined as physical components
or parts that work interactively to provide some particular type of
function. In both products and buildings, broad considerations of
thermal, sound, lighting, and mechanical environments and their
related functional systems are invariably important and invariably
influence the definition of needed material properties; consequently




they influence the role that nanomaterials and nanotechnologies
might or might not effectively play. This kind of perspective reflects
the way designers think about how and where to introduce new
materials or technologies—a perspective that would be well worth
scientists and engineers interested in applications of nanomaterials
knowing something about.

The book is organized in a direct way and makes extensive use of
illustrations. The first two chapters are self-contained nontechnical
overviews of the general characteristics of nanomaterials and
provide examples of ways in which nanomaterials can be found in
both nature and in an historical context. Chapter 3 sets the broad
design context and explores fundamental design processes. Chapter
4 then reviews basic technical properties of materials as a prelude
for focusing on nanomaterials. This is followed in Chapter 5 by an
introduction to material property charts, material indices, and their
use for optimized material selection. Formal material screening and
selection procedures are also presented, providing a methodology
for comparing the benefits of using nanomaterials to other kinds
of more traditional high-performance materials.

This introduction leads into an in-depth treatment of nanomateri-
als that begins in Chapter 6. A major contribution here is that of
clarifying ways that various nanomaterial types can be formally
classified. Size effects and other defining characteristics of nanoma-
terials are explored. Specific mechanical, thermal, and electrical
properties of common nanomaterial types are detailed in Chapter
7. Processes for synthesizing and characterizing nanomaterials are
next described and illustrated in Chapter 8. Several material prop-

erty charts illustrating various properties of nanomaterials are
included.

The book then turns to design or application-oriented considera-
tions. A discussion of specific applications in common design envi-
ronments—thermal, mechanical, electrical, and optical—follows
in Chapter 9. These sections broadly explore a range of nanomate-
rial and nanotechnology applications as they relate to these differ-
ent design environments. Chapter 10 looks at applications from
specific product or industry perspectives—nanotextiles, nanopaints,
nanosealants, nanotechnologies for self-cleaning, antimicrobial or
self-healing, and others. Chapter 11 briefly examines nanomateri-
als in relation to health and the environment. Chapter 12 con-
cludes with a whirlwind tour of the driving forces underlying

nanomaterial and nanotechnology developments in several
industries.



The target audience for this book includes students in engineering
and architecture, professional engineers, architects, and product
designers who are interested in exploring how these new materials
and technologies might result in better products or buildings. Firms
and industry groups who are planning to be intimately involved in
the nanotechnology field will find the broad perspective interest-
ing. Obviously, individuals in these fields have quite different back-
grounds, interests, and understanding of materials and their
properties as well as technologies. Having a single book address
these multiple audiences is inherently difficult. Designers have
primary goals of making products and buildings interesting, effi-
cient, and useful, with materials being an important enabling
design component. Their interests revolve more around final
design qualities and applications than on achieving a quantitative
understanding of materials and their properties. Many design-
oriented engineers have similar interests but are more focused on
the way material properties affect design, and they employ quanti-
tative methods to achieve these ends. Material engineers and scien-
tists are clearly interested in fundamental properties and how to
create new materials for broad usage. Therefore, depending on the
reader’s background, the following two paragraphs suggest general
guidelines on how to read this book.

In the field of engineering, second- or third-year undergraduate
students and first-year graduate students will find the book useful
as supplementary reading. These students should find familiar
ground in the more technically oriented discussions of basic mate-
rial properties in Chapter 4, as will engineers in firms. Chapter 5
on material selection processes based on material attribute charts
will be of great interest to any who have never been exposed to this
approach before and will provide a concise review for those who
have already used them. Chapters 6, 7, and 8 provide a good intro-
duction to classification systems, basic fundamentals, synthesis,
characterization methods, and properties of nanomaterials—infor-
mation that is currently scattered among many sources and difficult
to find in one place. Obviously, whole in-depth courses could be
built around many of the topics succinctly addressed in these chap-
ters. The intent, however, is to provide a solid conceptual under-
standing of these topics, not to go into depth. Individuals interested
in further depth should refer to the entries described in “Further
Readings.” The application-oriented sections in Chapters 9, 10, 11,
and 12 provide overviews of ways that nanomaterials and nanote-
chnologies are either used or poised to be used in practice. Engi-
neers and material scientists not actively engaged in design practices




will benefit from reviewing these chapters as a way of understand-
ing what material characteristics are needed and considered useful
by the design community. Some of the basic ways designers con-
ceptualize the use of materials in products and buildings are also
introduced in Chapter 3, which is useful reading for anyone who
does not have a design background.

Architects and product designers range widely in their interests and
need to understand material properties in depth. For typical archi-
tects in firms or students who have had basic courses in materials
and who have a general curiosity about nanomaterials and how
they might ultimately impact design, quantitative treatments are
rarely needed. Chapters 1, 2, and 3 provide an insight into what
nanomaterials are all about and are useful here. Chapter 5 on mate-
rial selection processes is highly relevant to designers. Chapters 9,
10, 11, and 12 contain discussions on nanomaterials that are par-
ticularly appropriate for the design community. These chapters
contain only qualitative technical descriptions and should be gen-
erally accessible to all interested readers. Many designers, however,
are indeed quite technically inclined and have focused interests on
materials and on technologically based innovations and are willing
to put in the time necessary to understand them in some depth.
This group would indeed find it useful to review the chapters on
basic nanomaterial types and processing methods mentioned pre-
viously. Indeed, it is to this group that the design focus in this book
is largely oriented, not to the casual reader.

We hope that you enjoy the book!

Mike Ashby

Engineering Design Centre
Engineering Department
Cambridge University

Paulo Ferreira
Materials Science and Engineering Program
University of Texas at Austin

Daniel Schodek
Graduate School of Design
Harvard University
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