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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 procgdures used to develop this document and those intended for its further maintenance~are
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed-\for the
different {ypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention|is drawn to the possibility that some of the elements of this document may. be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Detailg of
any patenf rights identified during the development of the document will be in the.Introduction andjor
on the ISQ list of patent declarations received. www.iso.org/patents

Any trade name used in this document is information given for the conveniénce of users and does pot
constitutqg an endorsement.

The comnpittee responsible for this document is ISO/TC 229, Nanotechnologies.
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Introduction

As is commonly noticed for every technology concerned with the development of new materials, and for
nanotechnology in particular, information sharing on material characteristics by sellers and buyers, and
sometimes also by regulators, is important and is facilitated by the development of appropriate material
specifications. For a comprehensive exchange of information, it is essential to agree on the description
of the material characteristics. However, many characteristics of nanomaterials cannot be determined
using general and well-established measurement methods. This may become the cause for inconsistency

in experimental results and induce confusion in commerce and technology transfer. Furthermore, the
tt-discoveryof e rtertatsfrommanotechnotogy— Te yer-ofcharacterjstics that
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order to address this need, a systematic arrangement of characteristics has_been c:
oss different fields of application specific to each nano-object by identifying a-list of fur
hracteristics commonly used in these circumstances and by developing, ‘tailor-made
ecifications for the list, as seen in ISO/TS 11931 and ISO/TS 11937.

other approach that was followed for ISO/TS 12805 resulted in the development o
hracteristics applicable to specifying nano-objects that are useful to the' wider community
prmation on nano-objects.

To
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increase the reach of outcomes from these efforts, members“of ISO/TC 229 have disc
nned the systematic development of an ISO technical specification for defining a list of fuy
hracteristics that are widely applicable to a broad range of nano-objects. This Technical Sp¢
ntended to define the list of fundamental characteristics universally for nanoparticles
m, which covers a very broad range of nano-objects.

In [order to develop a common understanding among sellers, buyers, and regulators, this
Specification uses the chemical compositiongcrystal structure, particle size, and surfad
fupdamental measures for characterizing nano-objects from a chemical, physical, and surfacg
pojnt of view that is of significant interest-to users of the nano-objects. However, since meg
procedures used for determining the characteristics of nano-objects often rely on varioug
asjumptions, the resulting characteristics of nano-objects with identical name may not gua
eqhiivalence of measured results. This issue can be addressed by adopting well-recognized me4
mgthods that can provide reliable measurement results.

The measurement methods,adopted in this Technical Specification are well known in the

irried out
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industry.

In§truments used for measurement and data processing software are well developed and provide

reliable measurementresults when operated under a valid quality system.

The description‘of measurement methods is limited in this Technical Specification to

supplementary hotices. For basic information about applying the methods, it is assumed that
indtruction$ are provided with any instruments, appropriate data processing software is ava
anplysis hasthe required technical skills. The methods are applicable to situations where procq
subcoritracted to independent test laboratories. Since quantitative criteria concerning char

mportant
operating
lable, and
edures are
hcteristics
cification.

depénd on the specific intentions among users, they are not described in this Technical Sp¢

These criteria are subject to agreement between users of this Technical Specification, namely, sellers,
buyers, and regulators of nanoparticles in powder form.

Nanotechnology is a rapidly growing and evolving field. Users of this Technical Specification should
maintain familiarity with the legislative environment and latest developments in human and
environmental health and safety regarding nanotechnology.

If the seller or the buyer wishes to assess the environmental, safety, or health risks of the material, they
may refer to ISO/TR 12885:2008 for further guidance. It has been assumed in the preparation of this
Technical Specification that the execution of its provisions will be entrusted to appropriately qualified
and experienced people.
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anotechnology — Nanoparticles in powder form —

Characteristics and measurements
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Scope

hoparticles in powder form. The Technical Specification prescribes specific measuremen

for] each of these characteristics.
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iis Technical Specification does not specify acceptable quantitative criteria for.the char
cause they are subject to agreement between sellers, buyers, and regulators.

Cluded in this Technical Specification are characteristics specifically related to health, s

bowder form.

Normative references

indispensable for its application. For dated references,.only the edition cited applies. Fo

references, the latest edition of the referenced document-(including any amendments) applieq.

ISP 9277:2010, Determination of the specific surfacée«area of solids by gas adsorption — BET me

[SQ 13322-1, Particle size analysis — Image analysis methods — Part 1: Static image analysis m

ermined for

[ methods

hcteristics

afety, and

yironmental issues, as well as characteristics that pertain to specificiapplications of nanpparticles

e following documents, in whole or in part, are normatively referenced in this document and are

I undated

thod

ethods

1S() 14488, Particulate materials — Sampling-and sample splitting for the determination of particulatelproperties

ISQ/TS 27687, Nanotechnologies — Ferminology and definitions for nano-objects — Nanoparticle,

an

3
Fo

3.1

1 nanoplate

Terms and definitions

transmission electron microscopy
TEM

mgthod thatproduces magnified images or diffraction patterns of the specimen by an elecfron beam
whichpasses through the specimen and interacts with it

nanofibre

"the purposes of thisdocument, the terms and definitions given in ISO/TS 27687 and the folloying apply.

TUINC T O U0 UTn o UTY

3.2

X-ray diffraction
XRD

method to determine crystallographic and geometrical information about a sample by observing the
diffraction pattern due to an X-ray beam scattered by a sample

©lI
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3.3
specific surface area
absolute surface area of the sample divided by sample mass

[SOURCE: IS0 9277:2010, definition 3.11]

Note 1 to entry: In this Technical Specification, the absolute surface area is estimated by measuring the amount
of physically adsorbed gas using the BET method.[14]

3.4
Feret diameter
distance Hetween two parallel tangents on opposite sides of the image of a particle

[SOURCE:|ISO 13322-1:2004]

4 Fundamental characteristics with corresponding measurement methods

The fundamental characteristics of nanoparticles in powder form are listed ifn-Table 1, with ufnit
and measprement method for each characteristic. The characteristics shall be measured using egch
measurenment method listed and their results shall be reported as specified in'Clause 7.

Characterjistics 1, 2, 3, and 4 shall be measured for crystalline nanoparticles in powder form.
Characterjistics 1, 2, and 5 shall be measured for non-crystalline narfoparticles in powder form.

NOTE If necessary, characteristic 5 may also be measured for crystalline nanoparticles in powder form.

Table 1 — Fundamental characteristics with units and corresponding measurement methods

Characteristics Unit Measurement methods
(for detail, see Clause 6)
1) Chemical composition (in terms of the measurand,\{1 or g/g analysis shown to provide metro
mass fractfion of substance) logically traceable results
2) Specifidsurface area m2/g BET method
3) Compodition of crystal structure (in tefims of the |1 or mol/mol XRD method
measurangl, molar fraction of the substamnee)
4) Averagg crystallite size nm XRD (Scherrer formula) method
5) Averagg and standard deviatienof the measured |nm TEM method

primary phrticle sizes

5 Sample preparation

The sample subjected to a measurement method shall be chosen as to be representative of the parg¢nt
population of ‘the nanoparticles in powder form. ISO 14488 applies to sampling and sample splittjng
procedure.

Any influences of the sampling process on the measured characteristics of the nanoparticles shall be
estimated. Corrections for such influences shall be applied or appropriate components of uncertainty
shall be incorporated. For example, mechanical stress may break up aggregates and/or agglomerates,
changing the results of size distribution measurements. Such stress can also induce crystal strain,
introducing deviations in average crystalline size measurements in the XRD (Scherrer formula) method.

NOTE1 For more general information about sampling procedures, see also ISO 2859.

2 © IS0 2013 - All rights reserved
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TE2 Some measurement methods, sample preparation, and pre-treatment procedures may heavily
influence characteristics other than those to be measured using those methods. Therefore, special care should
be taken in designing test procedures. For example, dispersion processes that are used prior to TEM analysis
may significantly influence specific surface area measurements. On the other hand, samples prepared for some
test methods can be used for other test methods. For instance, a sample prepared for measurement of crystal
structure using the XRD method can be used for measurement of average crystalline size using the XRD (Scherrer
formula) method, without concern of bias introduced by the sample preparation procedure.

Handling and storage of the sample should be subject to the instruction given by the suppliers. The testing
laboratory should consult the supplier regarding the optimum condition to prepare and treat samples.
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Measurement methods

surface-modified nanoparticles, including those having modified surface-coating
hoparticles with modified aggregates and/or agglomerates, such modifications may
nificant deviations in the characteristics of a sample relative to those of theloriginal nan
erefore, it shall be clearly stated whether the reported characteristics pertain to the nan
fore or after modification.

asurements shall be made under a well-recognized quality systemyregardless of whether
oratory is in-house or associated with an independent third pargy:

.1 Chemical composition

pending on the chemical substance of interest, one or meore appropriate analytical method
m the following list, shall be applied to the measurenient of the chemical composition, togg
Cessary pre-treatment and quality control procedures, maintaining metrological tracea
hlytical methods are

titrimetry,

gravimetry,

X-ray fluorescence spectrometry(XRF),

inductively coupled plasmatmass spectrometry (ICP-MS),

inductively coupled plasima-optical emission spectrometry (ICP-OES),
high-performanceliquid chromatography (HPLC),

gas chromategraphy mass spectrometry (GCMS),

nuclear magnetic resonance (NMR),

atomic absorption spectrometry (AAS),

X=ray photoelectron spectroscopy (XPS),

and for
introduce
particles.
oparticles

he testing

5, selected
pther with
bility. The

Fourier transform infrared spectroscopy (FTIR),
attenuated total reflectance-infrared spectroscopy (ATR-IR),
attenuated total reflectance-Fourier transform infrared spectroscopy (ATR-FTIR), and

secondary ion mass spectrometry (SIMS).

Suitable certified reference materials, if available, shall be used for the required calibration and
proficiency testing. When available, powder reference materials should be used for validation of the
measurement method.

© IS0 2013 - All rights reserved
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Examples of selected application can be found in ISO 3262-6:1998 for calcium carbonates and
[SO 591-1:2000 for titanium dioxides.

6.2 Specific surface area by BET method

in

Measurement method, ISO 9277:2010 applies to the measurement of specific surface area. ISO 18757
provides some useful detailed information but for specific materials. Measuring instruments for the

BET method are commercially available.

Metrological traceability should be maintained. Reference materials are available for application of the

BET methpd to manoparticles in powder form.

6.3 Crystal structure by XRD method

Measurenpent methods, as described in EN 13925-1:2003 and JIS K 0131:1996, apply to crystal structiire

determingtion. Measuring instruments for X-ray diffraction (X-ray diffractometers)) together w
relevant data analysis software, are commercially available.

The wavelength of characteristic X-rays should be referred to a reliable database. The reference va

ith

ue

for lattice|spacing should be referred to a reliable database or to the certificatesof any powder reference

materialsjused.

6.4 Avdrage crystallite size by XRD (Scherrer formula) method

Measurenpent methods, as described in EN 13925-1:2003 and JIS K0131:1996, apply to average crystal
size. X-ray diffractometers, together with relevant data analysis software, are commercially availa
Applicatidn of the Scherrer formula method is intended tofollow the measurement of crystal struct
because the same sample and instrumentation can be used for both measurements.

6.5 Avdrage and standard deviation of the-measured primary particle sizes by TEM
method

TEM shall be performed using commercidlly-available measuring instruments. References 1SO 144
[SO 14887, and ISO 2859 apply to sample preparation and ISO 13322-1, or its equivalent, to imz:
processing. The primary particles should be identified by image processing. Their sizes should
estimated as an equivalent spherical-diameter or as one or a combination of the Feret diameters of {
nanoparticles on the TEM image. The average primary particle size and its standard deviation should
calculated from the distribution-of the chosen diameters obtained over the sample.

The calibrjation of the scale-of the TEM image shall be accomplished using nanoscale reference materfi

or a databjase containifig-well-known dimensions, such as lattice spacings or materials in the TEM vig

7 Testreport
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The test report shall include the following information:

a) all details generally necessary to identify the product tested (product name, chemical name);
b) areference to this Technical Specification (i.e. ISO/TS 17200);
c) the measurement methods used for characteristic measurements;

d) for characteristics 1, 2, 3, and 4, the results of measurements (number of samples measur
averages, and standard deviation);

ed,

e) for characteristic 5, the results of measurement (number of particles measured, average, and

standard deviation of primary particle size);

f) any deviation from the measurement methods;

4 © IS0 2013 - All rights reserved
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g) the relationship between sample applied to the measurements and product tested, to which
characteristics are assigned;

h) thedateoftest, name oftestinglaboratory, and statement on the quality system of testing laboratory;
i) uncertainty (especially if the agreement between sellers, buyers, and regulators requests it);

j) any other special information supporting the reliability of measurement results (for example,
objective evidence of the quality of measurements performed by the testing laboratory, such as
results of proficiency testing exercises or accreditation certificates).

Thl requirements for the test report in this clause should be observed and any other requijements in
the normative references should be disregarded instead.

© IS0 2013 - All rights reserved 5
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