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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been

establishe
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al Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart 2.
task of technical committees is to prepare International Standards. Draft Interpational Standa
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Introduction

The existence of a wide range of nanomaterials with various physical, chemical, mechanical, optical, magnetic,
and biological properties, as well as different internal/external structures, highlights the importance of the

design of a classifying system based on which these materials can be logically categorized. This Technical
ff h for the classmcatlon and cate or|zat|on of vanous nanomaterials.

industry, and government.
requirements, there can be widely divergent understandings and assumptions associated with
scientific concepts. The result can be poor communication, a lack of interoperability among sys
duplication of effort as groups strive to define concepts and identify standards needs according
pefspectives. Public dissemination of the nano-tree is beneficial to industry, consumers, govern
redqulatory bodies to promote clear and useful communication. The (nano-tree classification syst¢m can be

Because of -different backgrg

us
co
na

d to place nanotechnology concepts into context by indicating-relationships among these conc|
ntext provides users with a structured view of nanotechnology+and facilitates a common unders
notechnology concepts.

Th
en
rev
u
na
co

erging field. It is considered to be a snapshot of the subject domain at a particular time arn
isited as the domain develops. It presents am: illustrative approach to advance communi
jerstanding, rather than an exhaustive consideration of the possible approaches to
nomaterials. It is not intended to exclude other completely legitimate methods of classification t
hsidered now or in the future in the domain.of nanotechnology.

>

Thfs classification of the subject demain of nanotechnology places the domain's concepts int
cafegories and shows the relationships among concepts. The primary utility is in identifying thosé
thgt help in properly categorizing the subject domain. This system has several purposes. The majo

common
al/external

d a logical

ngineering
unds and
emerging
tems, and
to diverse
ments and

epts. Such
tanding of

s Technical Report is a depiction of the current understanding of the structure and relationships for an

d may be
cation and
classifying
hat can be

o relevant
b concepts
I aims and

capabilities of the proposed nano-tree can be summarized as follows:

a) | to provide a basic classification system for different types of nanomaterials;

b)| to pinpoint the required standard characterization techniques for the nanomaterials of intefest (to be
carried out byNSO/TC 229/WG 2);

c) | to facilitate the identification of the important characteristics/properties of a specific nanomaterial in
scientific journals and patents with the help of a database search engine by providing the |necessary
keywords for use by ISO/TC 229 Working Groups, including the work of ISO/TC 229/WG 4 ¢n material
specifications;

d) to facilitate the design of “nomenclature framework” required for the logical and systematic terminology of

nanomaterials.

This Technical Report was developed during the same period as the establishment of terminology hierarchies
to guide the creation of definitions in a logical order of priority. Inevitably, this resulted in differing structural
representations of the field. The “nano-tree” is constructed to be consistent with the science that underlies
nanotechnology, as is made clear in this Technical Report. In contrast, nanotechnology terminology
hierarchies are structured as required by the logic of language and by the need for their definitions to be
mutually consistent within those structures. Nevertheless, the comprehensive methodology for the
classification and categorization of various nanomaterials proposed in this Technical Report is intended to be
consistent with the terminology framework of ISO/TC 229. Both approaches have their respective design rules
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and foundations and both serve aims and needs that differ. Their one common characteristic is that they will
both grow over time.

In this Technical Report, there is no intention to define terms in acknowledgement of the parallel, ongoing
work in terminology development noted above. Terms approved by ISO/TC 229/WG 1 are shown in italics in
Figure 2.
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Nanotechnologies — Methodology for the classification and
categorization of nanomaterials

1

Th
na

Scope

s Technical Report describes a classifying system, termed a “nano-tree”, upon whose basis wide
nomaterials can be categorized, including nano-objects, nanostructures and nanocemposites

dimensionality of different physical, chemical, magnetic and biological properties.

Ho
the

2

Co
pre
lite
co

a)
b)
Th

na
co

wever, the classifying system presented in this Technical Report does not ¢laim to provide full ¢
whole range of nanomaterials.

Nano-tree structure

hsidering the undeniable role of dimension on the various{properties of these materials, the
sented here utilizes dimension as the basic element_ efclassification in the first step. Bas
rature review carried out in References [1] to [10], the assignment of dimension in nanomateri
hsidered by two alternative methodologies:

one based on spatial dimension;
one based on quantum confinement (QE).
b methodology based on spatial-dimension considers any external dimension of the mate

noscale (between 1 nm and 100 nm) as a dimension, while the dimensions greater than 100
nsidered. Therefore, for example, if two external dimensions of a material are in the nanoscale ar

is greater than 100 nm, the material is considered to be a two-dimensional (2D) material.

Th
be
co

It s

e methodology based ©On quantum confinement considers the fact that whenever the size of a so
comes comparable.tfe'the wavelength of the particles that interact with such a system, a free ca
nfined. Such a system is referred to as “quantum confined”.

ou
qu

pared 10 ‘each other. For example, in case of the quantum confinement model, the detern
ensionrequires information on electron wave function behaviour that is normally not readil
side_the scientific community. On the other hand, the assignment of the exact size below

e ranges of
of various

pverage of

nano-tree
ed on the
als can be

rial in the
m are not
d the third

id material
rier will be

hould be mentioned that both of these methodologies have some advantages and disadvantages when

nination of
available
which the

ntum confinement behaviour dominates in different materials is not an easy task. Moreover, ay

plying this
rs may be

difficult. Based on this model, the interpretation of zero-dimension for quantum dots is more feasible.

For the dimension methodology, although the above-mentioned difficulties do not present themselves for the
assignment of dimension, such a system does not realize the very important effect of quantum confinement
which has an undeniably remarkable effect on the various properties of nanomaterials. The dimension
approach is the preferred method chosen in this Technical Report. It is again necessary to mention that the
nano-tree presented here may not include the whole range of nanomaterials, but with the systematic approach
utilized in this classification system, it is possible to develop and apply additional steps to the current method
to fulfil this very important task.
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Figure 1 illustrates the various parts of the nano-tree. As shown in Figure 1, it consists of four major columns.
Following the classification of various nanomaterials based on their dimensions in the first column, these are
subsequently divided based on their internal/external structures in the next column. Further, in the next step,
these are divided according to their chemical nature/identity followed by their various behaviour and properties
(e.g. electronic, chemical, mechanical, biological). It should be added that information concerning the
commercial applications that are possible for particular nanomaterials based on their exhibited properties
could be fully developed in a similar nano-tree format.

P ——

\\ Internal/external Chemical
| MNapomaterials }------ Dimension = structure and type - - . +—m={ Properties/ behayior

Nature fidentity

of nanomaterials

_ I

Figure 1 — Simplified sketch of the nano-tree based on dimension approach

3 Detajled description of nano-tree

Figure 2 illustrates the first two constituting columns (presented as C14@nd C2) for the nano-tree. In the [C1
column, nanomaterials are classified as 1D, 2D and 3D's. In the C2 celumn, each of these is subdivided into
single- or multi-component nano-objects or nanostructured materials:xHere, a multi component nano-object is
referred gs an object composed of areas or regions with identifiable, local, chemical and structyral
fluctuationg. Further, 1D, 2D and 3D nanostructured materialscmay also refer to nanostructures composed of
1D, 2D anfd 3D nano-objects or containing a quantity of disgrete nanoscale features. Moreover, various types
of nano-oljjects and nanostructures are presented in their>assigned positions in the next sub-column, C2S{ in
Figure 2. The cases shown here are simply limited, typical examples of how the columns are populated. For
future devélopments, a representative box is used to(satisfy this aim (dotted lines are used in the nano-treg to
signal aregas of potential expansion to take future developments into account). Moreover, as already
mentioned|, based on the dimension methodolegy’ (D), the differentiation between 1D, 2D and 3D nano-object
is size-related. In this respect, for the sakel of simplification, other cases (such as a 2D nanoplate| or
3D nanotupes) are not shown in the nanoxtree at this stage.

Figures 3 jand 4 also demonstrate”the columns C3 and C4 of the nano-tree, respectively. As shown| in
Figure 3, golumn C3 is devoted tothe classification of previously subdivided nano-objects and nanostructures
based on their chemical identity/nature. In this respect, they are sub-grouped as metallic, ceramic, synthetig or
natural polymers, semi-metallic, carbon-based and organic (see Figure 3). Such a differentiation highlights the
fact that the effect of chemical nature or type of bonding on the overall properties of nanomaterials, in addifion
to dimension, should not be ignored. It should be mentioned that composite nanomaterials could contain at
least two gr more components from column C3. In this respect, various types of nanocomposites composed of

an organic matrix (see Reference [11]) can be conS|dered a 2D ceramlc/organlc nanocomposﬂe
Nevertheless, it is possible that there may be certain materials that the nano-tree, as presently arranged, does
not permit to be classified.

The fourth column (C4) of the nano-tree presented in Figure 4 displays the various corresponding physical,
mechanical, chemical, biological and combined properties of nanomaterials. These were selected based on
their appearance in the literature, an understanding of the properties that are likely to be leveraged or
enhanced through nanotechnology, and their relevance to materials science. In this way, key properties can
be used to classify a particular nano-object and nanostructure. The physical properties presented for
consideration include magnetic, electrical, optical, thermal and acoustic behaviour. Further, the following
combined properties are also considered in cataloguing nanomaterials: magneto-optic, electro-optic,
piezoelectric, pyroelectric, thermoelectric and electromagnetic behaviour. These aforementioned properties

2 © 1SO 2010 — All rights reserved
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are subsequently further broken down (sub-categorized), based on their various measurable characteristics
and parameters. These are presented in Figures 5 to 27. However, the aim of this Technical Report is not to
actually quantify each of the individual properties at this time, but rather to classify the nanomaterials
themselves. It is acknowledged that a qualitative classification still may often require the development of a
common terminology and requisite test methods to enable a classification to be carried out. Even the
apparently simple question of how to measure the size of a nanoparticle is very difficult in this context. Thus,
appropriate definitions and standardized measurement techniques still need to be developed before the full
potential of this classification scheme can be realized.

4 —Conclusion

As|previously noted, the nano-tree depicts the current understanding of the structure and relationships of and
among nanomaterials, and provides a means to classify them. It uses dimension and key funetionall properties
to fistinguish nanomaterials from one another and to show relationships. The utility of Such a system can be
seen, for example, in how it permits one to identify commercial applications that rely on one or more of the
prgperty sub-categories to succeed, and pair that knowledge with the type of nanomaterial(s) classified as
exlibiting the property or properties. It is also useful in listing the various typés-of nanomaterialg for public
un@lerstanding of the kinds of products that are being used and considered for, standards development. In this
waly, the nano-tree is also a communication tool. The nano-tree is intended_fo be revisited and expanded as
thg domain develops, while not precluding the use of other completely legitimate systems of classification in
thg domain of nanotechnology.

>

© 1SO 2010 — All rights reserved 3


https://standardsiso.com/api/?name=c412ebe861c451febed88fede61451ea

ISO/TR 11360:2010(E)

©

@

-4

@P

Internal/ External structure

*( Type of nanomaterials >

Single-Component Nano-
objects

Nano-layers and Nanofilms >

D

Nanoplates

1 Dimensional

Multi-Component Nano-objects

,_I_C Nano-layers and Nanofilms )

Nanomaterials

FETRLY
ey

Nanostructured materials

Nanocomposites
Nanoclay composit€)

\—k Nanoplates )
( (eg.

Future Development

Nanafibers

Nanotubes

Single-Component Nano-
objects

Nanorods

Nanowires

Nanofibers

Multi-Component Nano:objects

Nanotubes

L

Nanorods

2 Dimensional

(2D)

/J\/J\/J\/l\/\/i\fl\m

Nanowires

L-

NangsStructured materials

Nanocomposites
(eg Nanotube composites)

NN AN AN AN AN A AN AN A AN

L Lo

Future Development

Nanoparticles

Nanocapsules

Single-Component Nano-
objects

Quantum dots

Dendrimers

Fullerenes

Diamondoids

Nano-onions

NN N NN

Nanoparticles

3 Dimensional

NOTE
internal, and external structures.

Figure 2 — Nanomaterial classification columns based on dimension, internal, and external structures
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Sub-column C2S provides examples of typical nanomaterials that can be classified based on dimension,
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Figure|4 — Further classification of columnsC1, C2 and C3 in terms of properties/behaviour and
characteristics

6 © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=c412ebe861c451febed88fede61451ea

ISO/TR 11360:2010(E)

s A
Magnetic

/

- B
Electrical

S _

\ - Thermal
Physical b S

\

\ Properties Y
\ / Optical
k. /
e ™
Acoustic
)
vy
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Figure 6 — Classification of magnetic properties
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Figure 7 — Different electrical /dielectric characteristics related to electrical behaviour
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Figure 16 — Classification of creep behaviour in terms of different characteristics
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