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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 prog¢edures used to develop this document and those intended for its further maintenance af

describefl in the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor t}
different/ types of ISO documents should be noted. This document was drafted in accordance with t}
editoriallrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attentiof is drawn to the possibility that some of the elements of this document may be the subject
patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Details
any patept rights identified during the development of the document will be in the-Introduction and/
on the IS
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list of patent declarations received (see www.iso.org/patents).

e name used in this document is information given for the conveniénce of users and does n
e an endorsement.

xplanation on the meaning of ISO specific terms and;expressions related to conformif

(TBT) see the following URL: Foreword - Supplementary information

mittees responsible for this document are ISO/TC 229, Nanotechnologies and Technic
ee [EC/TC 113, Nanotechnology standardizationfor electrical and electronic products and system
L was circulated for voting to the national bddies of both ISO and IEC.

t edition of ISO/TS 80004-2 cancels‘and replaces ISO/TS 27687:2008, which has bee
ly revised.

hts in the 80000 to 89999 range of reference numbers are developed by collaboratig
ISO and IEC.

ISO/TS 80004 consists of the following parts, under the general title Nanotechnologies — Vocabulary:

Part
Part
Part
Part

Part

1: Core terms
2: Nano-objects
3: Carbon nano-objects

4: Nanestructured materials

bnt, as well as information about ISO’s adherence to the WTO principles in the Technical Barrief
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Part
Part

Part

6: Nano-object characterization
7: Diagnostics and therapeutics for healthcare

8: Nanomanufacturing processes

The following parts are under preparation:

— Part 9: Nano-enabled electrotechnical products and systems

— Part 10: Nano-enabled photonic components and systems

— Part 11: Nanolayer, nanocoating, nanofilm, and related terms
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— Part 12: Quantum phenomena in nanotechnology

— Part 13: Graphene and other two-dimensional materials
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Introduction

It is predicted that applications of nanotechnologies may pervade all areas of life. In the areas of
communication, health, manufacturing, materials and knowledge-based technologies, there is a need to
provide industry and research with standardized vocabulary and nomenclature to aid the responsible
development and application of the technologies. It is also essential that regulators such as health and
environmental protection agencies have reliable measurement systems supported by well-founded and
robust standards.

Often in
shape of

often addled to denote the small size of the object. (The prefix nano- is also used in SI units to-indicate

10-9 e.g.

length infterval approximately from 1 nm to 100 nm.
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he field of nanotechnologies, naming of materials Seen on microscopic images 1s Inspired by, the
objects found in everyday life, although the physical size is much smaller. The prefix nano-jis

1 nanometre = 10-9 metre.). Thus, the term “nanoscale” (2.1) has been defined todenote the

e a unitary vocabulary, this part of ISO 80004 encompasses terms used comcerning particl¢s
joscale dimensions. The terms in this part of ISO 80004 form part of a larger hierarchy pf
der development for nanotechnologies. These terms are intended to fagilitdte communications
organizations and individuals in industry and those who interact with\them.

vith one or more external dimensions in the nanoscale can haye\properties that make them
bonents of materials and systems resulting in improved perforimance over their conventiongl
arts. These nano-objects (2.2) often have properties thatare not simple extrapolations pf
erties of their larger form, with these novel properties ‘ealled emerging, discontinuous ¢r
mative properties.

and shape of nano-objects are often intrinsic ko their function, so the description ard
ment of their size and shape are important and<must be considered carefully. The three mopt
pes referred to in this part of ISO 80004 are iltustrated in Figure 1. These three simple shapé¢s

shapes are defined in this part of ISO 80004, but a large number of different shapes are possible.

Fof other parametersinaddition to sizeand shapearealsointrinsicto the functionand phenomerja
| by nano-objects. These parametérsinclude composition, morphology, crystalline structure, arjd
patures, which can all have a major influence on the key nanoscale phenomena exhibited by nang-
uch phenomena include magnetic, optical, catalytic, electronic, and other properties.

a) nanoparticle b) nanofibre c) nanoplate
(3 ext. dimensions (2 ext. dimensions (1 ext. dimensions
in the nanoscale) in the nanoscale) in the nanoscale)

Figure 1 — Schematic diagrams showing some shapes for nano-objects

A particular issue concerns nano-objects where one or more external dimensions are larger than the
nanoscale. Potential confusion can occur when one of these dimensions greatly exceeds the nanoscale.
For example, carbon nanotubes can have overall lengths in the millimetre range and are still nano-

Vi

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=bf3364d7c6a0c42a4d8256c5707b2d7a

ISO/TS 80004-2:2015(E)

objects according to the definitions in this part of ISO 80004. An example of an approach to this issue
is to consider the size or shape at which the health risk from inhalation or other potential routes of

exposure to nano-objects becomes small as an upper size limit for nano-objects.

It is acknowledged that a wide variety of approaches to definitions and classifications are applicable
to particulate material and some of these regimes may also be relevant to nano-objects. Industrial,

regulatory, and scientific domains often use terms such as coarse, fine and ultrafine to denote
size range fractions of particles (3.1). Thus for airborne particles, ultrafine particles, specified

different
as PMO0.1

(PM means “particulate matter”), refer to particles with aerodynamic diameters of 100 nm or less. Fine

particles (PM2.5) refer to particles with aerodynamic diameters of 2,5 um or less and coarse

particles

(PM10) refer to those with aerodynamic diameters of 10 um or less. These size range fractions
by regulators for risk assessment purposes in many contexts, including traffic pollution,.vold
dpist storms, industrial pollution and natural airborne allergens such as pollen.

I this Technical Specification, nano-objects are defined according to their shHape as def
by nanoscale dimensionality. In addition, some types of nano-objects are alsodefined accq
structural configuration, morphology, form or functionality. It is beyond the_scope of this
Specification to consider or recommend specific size, size distribution, orirelated thresholds
objects, particularly given the wide variability in size, shape, morpholegy, composition, ang
fdatures of nano-objects, with each combination potentially presénting differing implica
ag$sessments of risk or safety to health or the environment.

There is a hierarchical relationship between many of the different terms in this part of IS
Elements of this are shown in Figure 2 to illustrate some of the relationships that exist.

Nano—objec\\\
(1, 2 or 3 external dilgg)@ ons in the
|
f]

nano

Nanoparticle Nanofibre Nanoplate
(3 ext. dimensions (2 ext. dimensions (1 ext. dimension
In the nanoscale) In the nanoscale) In the nanoscale)

Figure 2 — Fragment of hierarchy of terms related to nano-objects

are used
anic ash,

ermined
rding to
lechnical
or nano-
| surface
tions for

D 80004.
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Nanotechnologies — Vocabulary —

Part 2:
Nano-objects

[y

Scope

2| Core terms related to particles

2/1
npnoscale
lgngth range approximately from 1 nm to 100 nm

Npte 1 to entry: Properties that are not extrapolations from a largey-size are predominantly exhibit]
length range.

[JOURCE: ISO/TS 80004-1:2010, 2.1]

2|2

npno-object

d|screte piece of material with one, two or three external dimensions in the nanoscale (2.1)
N

bte 1 to entry: The second and third external ditnensions are orthogonal to the first dimension and to e

[JOURCE: ISO/TS 80004-1:2010, 2.2]

3| Terms concerning particles and assemblies of particles

Npno-objects [for example(nanoparticles, nanofibres, and nanoplates, (see Clause 4)], often
large) groups, rather than as isolated or distinct entities. For reasons of surface energy, such c
npno-objects are likely tointeract. In the description of these interactions, the following terms
uped. The following.terms are not restricted with respect to physical size and shape. These t
irfcluded for completeness and importance at the nanoscale.

~

3/1
pprticle
nfinute-piece of matter with defined physical boundaries

Npte“l to entry: A physical boundary can also be described as an interface.

This Technical Specificationliststermsand definitionsrelated to particlesin the field of nanotechpnologies.

ed in this

ach other.

occur in
bexisting
hre often
erms are

Note 2 to entry: A particle can move as a unit.
Note 3 to entry: This general particle definition applies to nano-objects (2.2).
[SOURCE: ISO 26824:2013, 1.1]

3.2
primary particle
original source particle (3.1) of agglomerates (3.4) or aggregates (3.5) or mixtures of the two

Note 1 to entry: Constituent particles (3.3) of agglomerates or aggregates at a certain actual state may be primary

particles, but often the constituents are aggregates.

© ISO 2015 - All rights reserved
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Note 2 to entry: Agglomerates and aggregates are also termed secondary particles.
[SOURCE: ISO 26824:2013, 1.4]

3.3
constituent particle
identifiable, integral component of a larger particle (3.1).

Note 1 to entry: The constituent particle structures may be primary particles (3.2) or secondary particles.

34
agglomgdrate
collectioh of weakly or medium strongly bound particles (3.1) where the resulting external surface ar¢a
is similaf to the sum of the surface areas of the individual components

Note 1 to entry: The forces holding an agglomerate together are weak forces, for example van der-Waals forces pr
simple phyysical entanglement.

Note 2 tolentry: Agglomerates are also termed secondary particles and the original source particles are termg¢d
primary plarticles (3.2).

[SOURCH: ISO 26824:2013, 1.2]

3.5
aggregage
particle (]3.1) comprising strongly bonded or fused particles where-the resulting external surface areafis
significaptly smaller than the sum of surface areas of the individual components

Note 1 to pntry: The forces holding an aggregate together are strong forces, for example covalent or ionic bonds, pr
those resylting from sintering or complex physical entanglement, or otherwise combined former primary particlg

©v

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

[SOURCH: ISO 26824:2013, 1.3, modified — Note“1 adapted.]

4 Terms specific to nano-objects

4.1
engineered nano-object
nano-object (2.2) designed ferspecific purpose or function

[SOURCH: ISO/TS 80004-1:2010, 2.8, modified]

4.2
manufa¢tured nano-object
nano-object (2.2) Intentionally produced to have selected properties or composition

[SOURCH:4§0/TS 80004-1:2010, 2.9]

4.3
incidental nano-object
nano-object (2.2) generated as an unintentional by-product of a process

Note 1 to entry: The process includes manufacturing, biotechnological or other processes.

[SOURCE: ISO/TS 80004-1:2010, 2.10, modified]

2 © IS0 2015 - All rights reserved
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4.4
nanoparticle

nano-object (2.2) with all external dimensions in the nanoscale (2.1) where the lengths of the longest and

the shortest axes of the nano-object do not differ significantly

Note 1 to entry: If the dimensions differ significantly (typically by more than 3 times), terms such as nanofibre

(4.5) or nanoplate (4.6) may be preferred to the term nanoparticle.

4.5

Npte 1 to entry: The largest external dimension is not necessarily in the nanoscale.
bte 2 to entry: The terms nanofibril and nanofilament can also be used.
pte 3 to entry: See 4.4 Note 1.

6

hnoplate

ino-object (2.2) with one external dimension in the nanoscale 4Z:1) and the other two
mensions significantly larger

bte 1 to entry: The larger external dimensions are not necessarily.in the nanoscale.
bte 2 to entry: See 4.4 Note 1.

7
Anorod
solid nanofibre (4.5)

= Z Z oS s s Z Z

4|8

nanotube

hpllow nanofibre (4.5)
4

n

9
pnowire
lectrically conducting or semi-conducting nanofibre (4.5)

)

4{10

npnoribbon

npnotape

n@inoplate (4.6)ywith the two larger dimensions significantly different from each other

Npte 1 to entry: See 4.4 Note 1.

[JOUREE: ISO/TS 80004-3:2010, 2.10, modified.]

4111

nanosphere
spherical nano-object (2.2)

Note 1 to entry: For some hollow structures, the term nanocapsule is preferred.

4.12
nano-onion
spherical nanoparticle (4.4) with concentric multiple shell structure

[SOURCE: ISO/TS 80004-3:2010, 2.8]

© ISO 2015 - All rights reserved
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4.13

core-shell nanoparticle

nanoparticle (4.4) consisting of a core and shell(s)

Note 1 to entry: A related term nanostructured core-shell particle is defined in ISO/TS 80004-4.

Note 2 to entry: The largest external dimension/length (core diameter plus shell thickness) has to be in the
nanoscale (2.1). For spherical core-shell nanoparticle, this length is the outer diameter.

4.14

nanocoie

cone-sh
[SOURCE

4.15
nanocry
nano-obj

ped nanofibre (4.5) or nanoparticle (4.4)
: 1ISO/TS 80004-3:2010, 2.9]

stal
pct (2.2) with a crystalline structure
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Annex A
(informative)

Particle size measurement

A.1 General

Particle size is a fundamental attribute of disperse materials. However, reported particle [size and
agsociated accuracy are dependent on a number of considerations.

1.1 Sampling and size distributions

A

Particles from either natural sources or when manufactured under carefully controlled c¢nditions
exist as populations with a range of sizes, shapes, morphologies, and ¢ompositions. For goofl quality
nmleasurement, a representative sample of a sufficient number of particles to adequately define the
pppulation must first be obtained. Also, the approach needed is affe¢ted by the medium surfounding
the particles, and also if the particles are transferred from one miedium to another. An example is the
deposition of particles from liquid, air, or powder to a surfacé for exposure to a vacuum environment
fdr electron microscopy. Particles might be altered by thé\different environments (e.g. semj volatile
nlaterials may out-gas) or agglomerates might be disperséd by shear forces during measurement (e.g.
if] the nozzle of a cascade impactor). The transfer of payticles from one medium to another might also
affect how representative the sample is of the original material.

1.2 Measurement principles and definition of measurand

he measured size of a particle is always dependent on the particular method that is being used to
kamine, measure, or visualize the particle. Particle size is measured by using one or a n@imber of
hysical phenomena whose strengthr depends on the size of the particle being examined. Examples
[ different measurement principles for nano-objects are diffusion velocity in liquids, electrqphoretic
obility in gases or the BET (Brunauer, Emmett and Teller) surface area of a particle system. Any given
hrticle will interact with itstenvironment according to its own specific physical and chemical jmake-up.
his means that the size pf\a’particle reported by one technique may not be the same as the sjze when
easured with another.technique.

ST goT e »

[

11 many fields, it has-been the custom to define particle size ranges with common behaviour, sources,
- composition with the method of measurement embedded in the definition. An example is fthe term
trafine parti¢les defined as particles with equivalent diameters smaller than 100 nm. Eﬁuivalent

Qo O

ameter refet's to the practice of reporting the size of a particle of unknown composition or shape as if
he particle/had known composition and spherical shape. For example, when the particles are npeasured
w{ith afinertial based instrument, aerodynamic diameter is an equivalent diameter computed as if the
particle had unity specific density and spherical shape corresponding to the measured particl¢ settling
\%

ladity Ibic confucinagthatthntnrmy pleea i martinln e cnmantianc nond intarchanagnhivuazth the term
SO et THIS Cou S g gttt te - UrtrarRe-paraeresSemetHne s useanterenah SeaBry-Wert

=

nanoparticle.

An additional complication is that even with a single detection method, the result depends on how the
information is processed. An example is the image obtained with a microscope. Quite different results
may be obtained with respect to the method used to interpret the image, e.g. maximum versus minimum
length of a complex particle, which are both useful but nevertheless are different measurands. In the
same way as equivalent diameters, length parameters used for particle size characterization should be
indicated.[3]

As particles normally occur in populations as mentioned above, the distribution of size needs to be
characterized, for instance by statistical distribution parameters such as mean and standard deviation.

© IS0 2015 - All rights reserved 5
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The selection of a mathematical form or parameters of the distribution function depends on the
particular measurement requirements.

The proportions of the size classesin a population are based on the measurement type thatis determined
mainly by the measurement method, e.g. number for optical counting methods. Other measurement
types are volume for ultrasonic spectroscopy or scattered light intensity for optical ensemble methods,
which can depend on the 2nd up to the 6th power of the particle size. The necessary assumptions
included in the instrument software for the conversion of that intensity based distributions into number
or volume based distributions should be considered for the measured particles.

A.1.3 d(onclusions

Measurement of particle size is a complex issue due to the fact that a large number of differentindireft
measurement techniques are available. This makes comparison of results from one labaratory to
another difficult when different measurement methods are used, particularly when referernee materia:[{s
are not ajailable. For most particle sizing methods, because of the issues described above,-inambiguous
metrological traceability of the measurement result to the SI unit of length is difficult:to establish.

When reporting particle size measurement results, it is therefore necessary to describe the method usqd
to deterrhine the particle size. Often the planned use of the particle size data,@:g. product requirements
or health effects, will dictate selection of the particular measurement methed that is used.

A.1.4 Reference to other relevant ISO Technical Committees

ISO general standards for individual particle characterization ‘methods and standards for the
representation of results are prepared by ISO/TC 24/SC 4 Particle Characterization.

Standards for specific application branches of particle techiiology are prepared by ISO/TC 146/SC 2 Alir
Quality «+ Workplace Atmospheres and 1SO/TC 209 Cleanrooms and associated controlled environments

A.2 Other terms

A.2.1 Terms related to measurementissues for particle size

There ar¢ other termsrelated to measurementissues for particles thatare defined in other ISO standards.
Some of these terms are given below for information.

A.2.2 yltrafine particle

particle (3.1) with an equivalent diameter less than 0.1 pm

[SOURCH: ISO 14644<3:2005, 3.2.12]

Z

Note 1 tolentry Most nanoparticles (4.4), defined by their geometrical dimensions, are ultrafine particle
when mefisured,

Note 2 tofenfry For example, a polystyrene sphere of 100 nm diameter represents the upper limit for the
nanoparticle definition as well as for the ultrafine particle definition that addresses aerodynamic or mobility
equivalent diameters. Porous particles have smaller equivalent optical and aerodynamic diameters than non-
porous particles. Nonporous particles with higher density than polystyrene will have larger aerodynamic
equivalent diameters.

A.2.3 equivalent spherical diameter
diameter of a sphere having the same physical properties as the particle in the measurement

Note 1 to entry Physical properties are for instance the same settling velocity or electrolyte solution displacing
volume or projection area under a microscope.

6 © IS0 2015 - All rights reserved
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Note 2 to entry The physical property to which the equivalent diameter refers shall be indicated using a suitable
subscript, for example xg for equivalent surface area diameter or xy for equivalent volume diameter.

[SOURCE: ISO 26824:2013, 1.6]

© IS0 2015 - All rights reserved 7
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Annex B
(informative)

Agglomerates, aggregates, and constituent particles

Figure B.1illustrates how particles can consist of different types of aggregates and agglomerates as well
as indiviflual particles.

a) naho-object (if sizeisin  b) joined constituent particles , ¢)-constituent particles in an
nanoscale) in an aggregate agglomerate

§

“ o4

d) agglomerate of constituent particles, agglomerates and aggregates

Key

1 aggregate

2 agglomerate

3 constituent particle

Figure B.1 — Types of particles
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