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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 established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procg¢dures used to develop this document and those intended for its further maintenance, 3
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed-for {
different fypes of ISO documents should be noted. This document was drafted in accordance with {
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may.be the subject
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World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the follow
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ts. ISO shall not be held responsible for identifying any or all such patént rights. Details

list of patent declarations received (see www.iso.org/patents).

name used in this document is information given for the convénience of users and does 1}
an endorsement.

planation on the voluntary nature of standards, the <meaning of ISO specific terms a
hs related to conformity assessment, as well as information about I1SO’s adherence to f{
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Introduction

The increasing use of nanomaterials in industry and society means that their utility, risks and benefits
throughout their life-cycle are important topics for discussion.

This document offers explanations (including examples) of selected nanotechnology terms and is
intended to facilitate an understanding of the use and applications of nanotechnology. Its target
audience is those who need to make decisions about the use of nanotechnology. The specific aim is to:

a)

promote consistent usage and reduce misinterpretation of terms among users; and

b)

Thlis document contains selected key terms and provides definitions and,explanatio
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facilitate communication and understanding in developing or commercializing appli
nanotechnologies.

derstanding and illustrate, where applicable, the relationship between one term and anot
ictical examples where possible.

" ease of reference the ISO definitions are repeated throughout the document as appropriat

planations and examples are chosen to underpin the selected ternis’published in the ISO/]
Cabulary series.

nere new understanding develops, then the tools used to €ommunicate such knowledge w
m the constant review and revision of key terms as necéssary. New terms can find comn
ich are not yet in the ISO/IEC 80004 vocabulary series."Such terms can be synonymous W
H definitions already found in existing ISO documents.
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3.1

najnoscale
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No
len

nagement and application of nanotechnologies to better understand selected key \t
finitions in the ISO/IEC 80004 vocabulary series for nanotechnologies.

Normative references

e following documents are referred to in the text in such a way that some or all of the
nstitutes requirements of this document. For dated references, only<the edition cited aj
dated references, the latest edition of the referenced document (incliding any amendment

/TS 80004-1, Nanotechnologies — Vocabulary — Part 1: Core terms

/TS 80004-2, Nanotechnologies — Vocabulary — Part 2: Nan6-objects

/TS 80004-4, Nanotechnologies — Vocabulary — Part4: Nanostructured materials

/TS 80004-11, Nanotechnologies — Vocabulary +, Part 11: Nanolayer, nanocoating, nan
pted terms

Terms and definitions

" the purposes of this document, the‘terms and definitions given in ISO/TS 80004-1, ISO/ T
/TS 80004-4 and ISO/TS 80004-11-and the following apply.

[SO Online browsing platform: available at http://www.iso.org/obp

IEC Electropediayavailable at http://www.electropedia.org/

gth range. approximately from 1 nm to 100 nm

te 1 to,entry: Properties that are not extrapolations from larger sizes are predominantly exhib
oth'range.

eqdirection,

erms and

ir content
plies. For
5) applies.

pfilm, and

80004-2,

and [EC maintain terminological databases for use in standardization at the following addlresses:

ted in this

[S

URCE: I50/T5 60004-1:2015, Z2.1]

3.2

na

noscale phenomenon

effect attributable to the presence of nano-objects or nanoscale regions

[SOURCE: ISO/TS 80004-1:2015, 2.13]
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3.3

nanotechnology
application of scientific knowledge to manipulate and control matter predominantly in the nanoscale to
make use of size- and structure-dependent properties and phenomena distinct from those associated
with individual atoms or molecules, or extrapolation from larger sizes of the same material

Note 1 to entry: Manipulation and control includes material synthesis.

[SOURCE:
3.4

ISO/TS 80004-1:2015, 2.3]

nanomat
material |
structure

Note1toe
[SOURCE:

3.5
manufac
nanomatg

[SOURCE:

3.6
nano-obj

discrete pliece of material with one, two or three external dimensions in the nanoscale

Noteltoe
[SOURCE:

3.7

nanopart
nano-objg
shortest a

Note 1 to e
nanoplate

[SOURCE:
3.8

agglomerate

collection
similar to

Note1toe

brial
vith any external dimension in the nanoscale or having an internal structure or-surfj
in the nanoscale

ntry: This generic term is inclusive of nano-object and nanostructured material.

ISO/TS 80004-1:2015, 2.4, modified]

ured nanomaterial
rial intentionally produced to have selected properties or compesition

ISO/TS 80004-1:2015, 2.9]

pct

ISO/TS 80004-1:2015, 2.5]

icle
ct with all external dimensions$_in the nanoscale where the lengths of the longest and {
xes of the nano-object do not differ significantly

htry: If the dimensions differ.significantly (typically by more than 3 times), terms such as nanofibre
may be preferred to the term nanoparticle.

ISO/TS 80004-2:2015, 4.4]

of weakly)or medium strongly bound particles where the resulting external surface arez
the sum of the surface areas of the individual components

htry: The forces holding an agglomerate together are weak forces, for example van der Waals forces

ice

htry: The second and third external dimensions areorthogonal to the first dimension and to each otler.

he

or

is

or

simple ph

cat entangienent.

Note 2 to entry: Agglomerates are also termed secondary particles and the original source particles are termed
primary particles.

[SOURCE:

ISO/TS 80004-2:2015, 3.4]
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3.9

aggregate

particle comprising strongly bonded or fused particles where the resulting external surface area is
significantly smaller than the sum of surface areas of the individual components

Note 1 to entry: The forces holding an aggregate together are strong forces, for example covalent or ionic bonds,
or those resulting from sintering or complex physical entanglement, or otherwise combined former primary
particles.

Note 2 to entry: Aggregates are also termed secondary particles and the original source particles are termed
primary particles.

[SOURCE: ISO/TS 80004-2:2015, 3.5]

3.10
nano-enabled
exhibiting function or performance only possible with nanotechnology

[SQURCE: ISO/TS 80004-1:2015, 2.15]

3.11
nano-enhanced
exhibiting function or performance intensified or improved by nanotechnology

[SOURCE: ISO/TS 80004-1:2015, 2.16]

3.12
nanocomposite
solid comprising a mixture of two or more phase-separated materials, one or more being nanpphase

Note 1 to entry: Gaseous nanophases are excluded (they are covered by nanoporous material).

Nofe 2 to entry: Materials with nanoscale phases formed by precipitation alone are not considgred to be
nahocomposite materials.

[SQURCE: ISO/TS 80004-4:2011, 3.2]
3.13

nanophase
p}al'Fsically or chemically distinct region or collective term for physically distinct regions of the same
kind in a material with €he discrete regions having one, two or three dimensions in the nanogcale

Nofe 1 to entry: Nan6-gbjects embedded in another phase constitute a nanophase.
[SOURCE: ISO/ES80004-4:2011, 2.12]

3.14
najnolayer
layler-of'material with thickness in the nanoscale

[SOURCE: ISO/TS 80004-11:2017, 3.2.1]

3.15
nanocoating
coating with thickness in the nanoscale

[SOURCE: ISO/TS 80004-11:2017, 3.2.2]

3.16
nanofilm
film with thickness in the nanoscale

Note 1 to entry: A nanofilm is a nanolayer which can be freestanding.

© IS0 2017 - All rights reserved 3
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Note 2 to entry: A nanofilm can be made of solids or liquids (e.g. liquid film).
Note 3 to entry: A nanofilm can be composed of a monomolecular layer (e.g. Langmuir-Blodgett film).

[SOURCE: ISO/TS 80004-11:2017, 3.2.3]

4 Terms and explanations

NOTE The order of explanations is such that the descriptions build on the previous descriptions to aid
understanding rather than to suggest any hierarchy.

4.1 Nanoscale, nanoscale phenomenon
ISO definitions:

nanoscalg
length range approximately from 1 nm to 100 nm

Note 1 to entry: Properties that are not extrapolations from larger sizes are prédominantly exhibited in
this length range

[SOURCE:|ISO/TS 80004-1:2015, 2.1]

nanoscalg phenomenon
effect attifibutable to the presence of nano-objects or nanoscale regions
[SOURCE:|ISO/TS 80004-1:2015, 2.13]

"Nanosca!)e" is an agreed descriptor principally referring to the size range 1 nm to 100 nm, whé¢re
1 nm is 10-9 m (0,000000001 m). To appreciate the relative size of the nanoscale dimension, Figurg 1
illustrateg the ratio of 1 m to 1 nm as approximately the same as between planet Earth and a cherfry.
Atoms arg in the size range 0,1 nm to,0}4 nm and DNA is approximately 2 nm in width.

Figure 1 — Comparative size of 1 nm

The range 1 nm to 100 nm is where changes in properties ascribed to materials in the nanoscale are
likely to be observed. These changes can occur either because of the increased surface area when an
objectis reduced into the nanoscale or because the confined size enables different physical and chemical
phenomena to occur. Thus Figure 2 illustrates how the surface area increases when an individual object
is split into an assembly of smaller objects.

4 © IS0 2017 - All rights reserved
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it can change at the nanoscale might include:

N
optical (e.g. colour) Q @)
mechanical (e.g. tensile strength) QQ

: . N\
chemical (e.g. catalysis) 5\&
electrical (e.g. conductivity). \\S\

AMPLE 1  Gold nanoparticles can appear red, n or purple, depending on their size, because th
h electromagnetic radiation (e.g. visible light
h

onstrates that people have been Worki\I]: the nanoscale for a long time without realizing it.

AMPLE 2 Quantum dots (QD) anoscale semi-conductor particles that emit light und

corpditions and can be used to create ‘thin displays, such as on televisions and computer/smart pho

tha

EX
obj

tare vivid and energy eff1c1e1®
AMPLE 3 The mechanie@rength of steel or rubber tyres can be increased many fold by disper

ects during manufactuG A

AMPLE 4  Batte uel cells and catalysts can use the enhanced reactivity associated with na
broduce cleane r, and more affordable modes of producing and storing energy and more efficig
ctions.

vir

AMPLE 1mprove cooling of computer chips and LEDs, carbon nanotubes are being incorp
p051t enhance their electrical and thermal conductivity.

Drug treatments have been developed to take advantage of the fact that the structu

N

terials in the nanoscale can exhibit properties with new or enhance@éracterlstlcs The properties

ey interact

fferently compared to larger non-nanoscale golgl particles,
W}li—fh appear yellow. These properties of gol ve been historically used in stained-glassed wind

bws, which

er certain
he screens,

sing nano-

hoparticles
bnt process

brated into

re of many

uses range from approx1mately 10 nm to 400 nm.

) nm, while

The new or enhanced properties attributable to the nanoscale are described as “nanoscale phenomena”.
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4.2 Nanotechnology

ISO defini

tion:

nanotechnology

application of scientific knowledge to manipulate and control matter predominantly in the nanoscale to
make use of size- and structure-dependent properties and phenomena distinct from those associated

with indiy

idual atams armolecules or extranolation from larger sizes of the same material
4 r o

Note1toe
[SOURCE:

Although

glass windows), it was not until specialized forms of microscopy (e.g. electron microscopy) wq

developed
Nanotech

EXAMPLE
ability to d
techniqueg

EXAMPLE
encapsulat]

4.3 Nanomaterials

431 G

ISO definikions:

nanomat

material y
nanoscale

Note 1to e
[SOURCE:

manufac

ntry Manipulation and control includes material synthesis.

ISO/TS 80004-1:2015, 2.3]

Scientists and craftsmen have manipulated matter at the nanoscale for genturies (e.g. stain

that we could visualize materials in the nanoscale and more preciselycontrol their structu
hology can improve a product or process in a way that would netbe possible otherwise.

1  Nanotechnology is being used for water treatment to filtér ' more effectively because of e.g.
onstruct membranes with smaller holes which only allow water molecules to pass through. Sim
are used in milk processing as a substitute for pasteurization.

P Nanotechnology can enable more precise targetedsdelivery of medicines through, for exam]
ion and improved cell-surface specific binding. It makes the process more specific and less toxic.

bneral

brial

vith any external dimension in the nanoscale or having an internal structure or surface in {

ntry This generictérm is inclusive of nano-object and nanostructured material.

ISO/TS 80004-1:2015, 2.4, modified]

uréedmnanomaterial

nanomaterata

ed
bre

the
lar

ble,

he

e AT st ot o A1y e Ao d 0 o loctod nraonax flac or copan oIl o
a1t T

[SOURCE:

aco
CITTroTIorry protatttTtoTov O ot CeC O prop ot s O COTITp U STCIUTT

ISO/TS 80004-1:2015, 2.9]

Nanomaterials (see Figure 3) include:

1) nanostructured materials which are materials with an internal structure or surface structure in
the nanoscale; and

2) nano-

objects which have at least one external dimension in the nanoscale.

© ISO 2017 - All rights reserved
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NANO-OBJECTS

Figure 3 — Nanomaterials
Nanomaterials can be naturally occurring, manufactured or incidental, i.e. a nano-object generated as
an|unintentional by-product of a process.

Fol example, a nanomaterial might be:

—| naturally occurring from a biological source, e.g. silica formed in rice husks;
—| naturally occurring from a geological source, €:g. nanoparticles emitted from an erupting volcano;
—| manufactured nanomaterial, e.g. nano-titaffium dioxide;

—| manufactured from a biological source;’e.g. cellulose nanomaterials from organisms; or

—| incidental nanomaterial, e.g. welding fume particles, smoke created when using a wood-burning
stove, car diesel exhaust.

4.3.2 Nano-objects

4.3.2.1 General
ISQ definition:
najno-object

di
Note l-to entry The second and third external dimensions are orthogonal to the first dimension and tofeach other.

[SOURCE: ISO/TS 80004-1:2015, 2.5]

—

dcrete-piece of material with one, two or three external dimensions in the nanoscale

Nano-objects are presently classified based on their size and shape.

Nano-objects are typically described or grouped in terms of the dimensions constrained in the
nanoscale:

— in one dimension (nanoplates);

— in two dimensions (nanofibres, including nanotubes); or

© IS0 2017 - All rights reserved 7


https://standardsiso.com/api/?name=633bae874475601a215ec2a96360764a

ISO/TR 18401:2017(E)

— inall three dimensions (nanoparticles and quantum dots).

For example, a nanoplate has one dimension in the nanoscale but has other dimensions that can be larger
than the nanoscale. A “one-dimensional” nano-object is a generally understood “three dimensional”
object with one dimension in the nanoscale.

4.3.2.2 Properties, size and shape

The term “nano-object” is the collective or general term, which encompasses the wide range of shapes
and sizes of objects in the nanoscale (e.g. nanoparticle, nanofibre and nanoplate, see Figure 3). Nano-
objects t ; TTTitT j nd
related terms is based on size and shape and not on any particular property or properties becayse
those woyld be impossible to capture in specific definitions.

ISO definifion:

nanoparticle

nano-objgct with all external dimensions in the nanoscale where the lengths of thelongest and the shdrt-
est axes of the nano-object do not differ significantly

Note 1 to eptry If the dimensions differ significantly (typically by more than 3 times), terms such as nanofibre
or nanoplafe may be preferred to the term nanoparticle.

[SOURCE:|ISO/TS 80004-2:2015, 4.4]

The term [nanoparticle depicts a subset of nano-objects withi-all external dimensions in the nanoscadle.
If a nano-pbject has one or two dimensions outside the nanoscale they have a different shape and are
categorizg¢d as nanofibres or nanoplates, as appropriate.’It is also important to note that nanotubes gre
hollow napofibres and are therefore nano-objects.

EXAMPLE [l  Applications of nanoparticles:

— anti-microbiological activity, €.gyhanosilver used in wound dressings or clothing; and
— catalysis, chemical storage,drug delivery systems (targeted, controlled drug delivery).
EXAMPLER  Applications of nanofibyes:

— carbon nanotubg€s;to strengthen materials or products (e.g. tennis rackets);

— carbon nanotubes to enhance electro-conductivity; and

— cellulo§e-nanomaterials used to strengthen packaging.

EXAMPLEB  Applications of nanoplates:

— food packaging, e.g. nanoclays to increase barrier properties of plastic films;

— effect pigments in cosmetics industry (“blur” wrinkle disappearance);
— graphene as a flexible conductor for flexible display.

An area of widespread application is nanoelectronics, which is the field of science and technology
concerned with the development and production of functional electronic devices with nanoscale
components.

8 © IS0 2017 - All rights reserved
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4.3.3 Nano-objects, agglomerates and aggregates
ISO definitions:

agglomerate

collection of weakly or medium strongly bound particles where the resulting external surface area is
similar to the sum of the surface areas of the individual components

N?Ite Ttoentry The forces holding an agglomerate together are weak forces, for example van der Waals forces or
sinpple physical entanglement.

Note 2 to entry Agglomerates are also termed secondary particles and the original source particles fire termed
primary particles.

[SOURCE: ISO/TS 80004-2:2015, 3.4]

agpregate

pafticle comprising strongly bonded or fused particles where the gesulting external surface drea is sig-
nifficantly smaller than the sum of surface areas of the individual components

Nofe 1 to entry The forces holding an aggregate together are strofig forces, for example covalent or ipnic bonds,
or [those resulting from sintering or complex physical entanglement, or otherwise combined former primary
particles.

Nofe 2 to entry Aggregates are also termed secondary particles and the original source particles gre termed
primary particles.

[SQURCE: ISO/TS 80004-2:2015, 3.5]

Mdny nano-objects tend to combine\into larger particles, which are known as either agglomerates or
aggregates (see Figure 4).

Thie difference between agglomerate and aggregate is based on the strength of the bonding between
constituent nano-objects. An‘daggregate of nano-objects is essentially a discrete nanostructurdd particle
anfl it is virtually impossible to release its constituent nano-objects without fracturing the component
mdterial. However, an-agglomerate can more easily release its constituent nano-objects becfuse of its
relatively weaker Bending. It is the number of weaker bonds in agglomerates that determine the ability
to release the constituent nano-objects. Agglomerates can be made up of nano-objects or aggregates of
naho-objects{see Figure 4).

The size af-ah aggregate or agglomerate can be larger than the nanoscale.

When,nano-objects are introduced into a medium they can naturally agglomerate or aggregate. For
pte—commeretaly—avaitable i ders—are—ustaly—in—the—ferm—of—aggregates or

WG c crStra 7 O O c

agglomerates.

© IS0 2017 - All rights reserved 9
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,:-.3-

p o &>
CGRERo >

Nanotobject (if less than Joined constitutent Agglomerate of aggregt/és
100 nm in size), or particle nano-objects in an aggregate q/

2
<
Constitluent nano-objects in an agglomerate C(&gl%'\nation of constituent nano-objects and
aggregates
AQ\Q) ggreg
Key
xO
1 aggregate \{~
2 congtituent nano-object C}\O

Figure 4 — Nano-@%:ts, and their agglomerates and aggregates

O

4.3.4 Nhno-enabled, nanéal{anced
2
ISO definikions:

nano-engbled &
exhibiting fun@ or performance only possible with nanotechnology
[SOURCE:|I S$80004-1:2015, 2.15]

nano-enhanced
exhibiting function or performance intensified or improved by nanotechnology
[SOURCE: ISO/TS 80004-1:2015, 2.16]

Nanomaterials are typically used to achieve new or improved functionality of a process or product.
“Nano-enabled” or “nano-enhanced” describe devices or systems that utilize some aspect of
nanotechnology to create or enhance functionality. “Nano-enabled” refers to functionality that is not

10 © IS0 2017 - All rights reserved
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