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Since years, nanoscience and nanotechnology have become particularly an
important technology areas worldwide. As a result, there are many universities
that offer courses as well as degrees in nanotechnology. Many governments
including European institutions and research agencies have vast nanotechnology
programmes and many companies file nanotechnology-related patents to protect
their innovations. In short, nanoscience is a hot topic!

Nanoscience started in the physics field with electronics as a forerunner,
quickly followed by the chemical and pharmacy industries. Today, nano-
technology finds interests in all branches of research and industry worldwide.
In addition, governments and consumers are also keen to follow the develop-
ments, particularly from a safety and security point of view.

This books series fills the gap between books that are available on various spe-
cific topics and the encyclopedias on nanoscience. This well-selected series of
books consists of volumes that are all edited by experts in the field from all over
the world and assemble top-class contributions. The topical scope of the book
is broad, ranging from nanoelectronics and nanocatalysis to nanometrology.
Common to all the books in the series is that they represent top-notch research
and are highly application-oriented, innovative, and relevant for industry. Finally
they collect a valuable source of information on safety aspects for governments,
consumer agencies and the society.

The titles of the volumes in the series are as follows:

Human-related nanoscience and nanotechnology

e Nanoscience and Nanotechnology for Human Health
e Pharmaceutical Nanotechnology
e Nanotechnology in Agriculture and Food Science

Nanoscience and nanotechnology in information and communication
e Nanoelectronics

e Micro- and Nanophotonic Technologies
e Nanomagnetism: Perspectives and Applications
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Nanoscience and nanotechnology in industry

¢ Nanotechnology for Energy Sustainability

¢ Metrology and Standardization of Nanomaterials

¢ Nanotechnology in Catalysis: Applications in the Chemical Industry, Energy
Development, and Environmental Protection

The book series appeals to a wide range of readers with backgrounds in physics,
chemistry, biology, and medicine, from students at universities to scientists at
institutes, in industrial companies and government agencies and ministries.

Ever since nanoscience was introduced many years ago, it has greatly changed
our lives — and will continue to do so!

March 2016 Marcel Van de Voorde
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Foreword

Nanotechnology metrology and standardization are of growing importance in
the era of globalization. Applications of nanotechnologies have accelerated in
many countries over the past decade, triggered by the US National Nano-
technology Initiative (NNINNI) in 2000. Nanotechnologies are a strong driving
force in various industries to improve existing products and create new prod-
ucts. Progress in the development of such products requires advanced metrolo-
gies because measurements of nano-objects are very challenging. On the other
hand, commercialization and global trade of products requires standardization
that gives the basis for the dissemination of nanotechnologies to society.

The importance of international standards and standardization activities is
continually increasing. Over 160 countries are members of the World Trade
Organization (WTOWTO), which established the rules of trade between nations
by the agreement on Technical Barriers to Trade (TBTTBT) signed in 1995.
Industrial products are spreading worldwide in the era of globalization and
many countries around the world now participate actively in efforts to develop
international standards. Standardization of nanotechnologies attracted attention
in 2004 led by efforts from CENCEN (European Committee for Standardization),
ANSIANSI (American National Standards Institute), and JSAJSA (Japan Stan-
dards Association). In 2005-2006, several major standards development organi-
zations (SDOSDOQs) established technical committees (TCTCs) focused on
nanotechnology: ISO TC 229, CEN TC 352, ASTM International E56, and
IECIEC (International Electrotechnical Commission) TC 113. The combined
efforts of these Committees have produced a large body of standards concerning
terminology, physicochemical and biological measurements, and the environ-
mental, health, and safety of nanomaterials and nanotechnologies.

Standardization of nanotechnology has been accelerated not only to promote
industrial application of nanotechnology but also to bring about social accep-
tance of nanotechnology. The importance of the latter aspect becomes promi-
nent by reports that suggest nanomaterials (nano-objects) may be harmful to
human health and ecological systems. Reflecting the increasing interest in pre-
cautionary actions for the handling of nanomaterials, efforts among the SDOs
mentioned above have been aimed at the implementation of future regulations.
Some of the efforts have been already implemented as “list of recognized
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Foreword

standards” by FDA. It has adopted four nanotechnology standards: two technical
specifications of ISO (TS 14101 for surface characterization of gold and TS
8004-6 for vocabulary of nano-object characterization) and two ASTM standards
(E2490 for measurement of particle size distribution, and E2535 for handling
unbound nanoparticle in occupational setting). Moreover, France has set regula-
tions that requests companies and private and public research laboratories to
declare the use (producing, distributing, and importing) of substances at the
nanoscale beginning January 1, 2013.

With regard to nanometrology, for example, EC regulation (no. 1907/2006)
concerns “substances intentionally produced at nanometric scale, containing
particles, in an unbound state or as an aggregate or as an agglomerate and
where, for a minimum proportion of particles in the number size distribution,
one or more external dimensions is in the size range 1-100 nm.” It is necessary
to show the number size distribution of substance in the size range 1-100 nm,
even if the substance contains both particles in unbound and bound/fused states.
Since it is a rather hard task to precisely analyze such substances with high-reso-
lution measurement techniques applicable to nanoscale objects, current mea-
surement techniques need further improvement. It follows that the development
of nanometrology and nanomaterial standards support further improvement of
measurement techniques adaptable to nanoscale characterization, leading to
both essential progress of nanotechnology and social acceptance of nano-
technology. It is because the first step of measurement can be considered as “the
process of quantitatively comparing a variable characteristic, property, or attri-
bute of a substance, object, or system to some norm.” The major targets of nano-
metrology are, for example, the analysis of dimensional, chemical, mechanical,
and electrical properties of thin films and/or nanostructured materials, and also
bionano materials. The growing number of journal articles on nanometrology
and the growing number of standards clearly suggests that the importance of
nanometrology is reaffirmed through the activation of nanotechnology standard-
ization. It is, therefore, necessary to pay great attention to the progress of both
nanometrology and nanotechnology standardization, which are described in

detail in this excellent book.
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