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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 techni

cal

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
electrotechnical standardization.

of

The procgdures used to develop this document and those intended for its further maintenance
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed-for 1
different {ypes of ISO documents should be noted. This document was drafted in accordance jwith
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.bé the subject
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Detailg
any patenf rights identified during the development of the document will be in the.Introduction and
on the ISQ list of patent declarations received. www.iso.org/patents

Any tradel name used in this document is information given for the conveniéence of users and does
constitutqg an endorsement.

The comnpittee responsible for this document is ISO/TC 229, Nanotechnologies.
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As new manufactured nano-objects are developed and find a wider range of industrial applications,
the roles of physico-chemical, performance, and safety testing (hereinafter “testing”) of their powders
(i.e. dry, unsuspended accumulations of such objects) have become more important than ever.
However, many testing methods are still under development and have to be properly evaluated in
terms of their reliability. Where possible, validation of new measurement methods is performed using
certified reference materials, which have known and quantified properties. In the absence of certified
reference materials, one often has to rely on non-certified reference materials, with assigned but not
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hotechnology, even non-certified reference materials are scarce. In such cases, ‘test materi
 evaluated for homogeneity and stability of one or several of their properties, will be Helpfu

t results across different test methods[9]. This document specifies that for dty powder
ects the following minimum information can be gathered and provided in@verification|
hlify the material as a nanoscale representative test material:

information describing the manufacturing process;
information on the quality management of its manufacturing precess;

data from physico-chemical measurements representing the principal features of the repr
test material; and,

data on the stability and homogeneity of the above patameters.

mpliance with this document, expressed in the fofin of a verification report, will provide
urance that the representative test material is* homogeneous, statistically representat]
nufacturing process, and has stability. This-Will increase the likelihood that measuren

undertaken on the representative test material, whether for safety or function, are cq
oss testing laboratories, even for properties for which methods are being developed and
mogeneity and stability have not been.quantitatively assessed.
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Nanotechnologies — Guidance for developing
representative test materials consisting of nano-objects in
dry powder form

1 _Scope

Thlis Technical Specification provides guidance for developing representative test materials\co

na
for
Siz
to

2

Th|
ing

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

IS(
IS(

ho-objects in dry powder form, to enable test method development and improve comparabil

e and shape, specific surface area, crystal structure, and bulk chemical composition) that ar
be measured and reported with the representative test material.

Normative references

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

9276-1, Representation of results of particle size analysis,.— Part 1: Graphical representation

/TS 80004-1:2010, Nanotechnologies — Vocabulary— Part 1: Core terms

IS Guide 31, Reference materials — Contents of cértificates, other documentation and labels
IS Guide 35, Reference materials — General and statistical principles for certification

3 | Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/TS 80004-1:201
following apply.

3.1

representative test material

RTM

mdterial, which i§ sufficiently homogenous and stable with respect to one or more specified g
anflisimplicitlyassumed to befitforitsintended usein the development of measurementand tes
that target properties other than those for which homogeneity and stability have been demon
Note 1 toentry: An RTM may be areference material[1] for other properties (i.e. properties for which hd

hsisting of
ity of data

nanotechnology applications. This guidance includes the physico-chemical properties (specifically,

b required

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

 undated

0 and the

roperties,
tmethods
strated

mogeneity

an1l stability have been demonstrated), and a candidate reference material for the target property.

Note 2 to entry: An RTM can be a useful tool in inter- or intra-laboratory developments of test methods for which
reference materials cannot (yet) be produced.

3.2
primary particle
particle not formed from a collection of smaller particles

3.3

stability
ability of a representative test material, when stored under specified conditions, to maintain a stated
property value within specified limits for a specified period of time

[SOURCE: Adapted from ISO Guide 30:1992]
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4 Specific physico-chemical characterization requirements for representative
test materials consisting of nano-objects in dry powder form

4.1 General

Following physico-chemical properties shall be evaluated in order to represent the principal features of
the representative test material consisting of nano-objects in dry powder form.

4.2 Properties and measurement methods

4.2.1 Sige and shape of nano-objects

4.2.1.1 BJize distribution of primary particles and of their aggregates

A particld counting-based method shall be performed for measurement of the sizeldistribution| of
primary particles and their aggregates. An example of measurement method is transmission electfon
microscopy (TEM). Scanning electron microscopy (SEM) can be used if the SEMresolution is sufficient
to measuye the particle size of interest. The method or calibrant used to calibrate the sizing metHod
should belgiven, as an indication of the metrological traceability of the obtained data.

One critidal issue is sample preparation, in particular, the dispersion of agglomerated particles gnd
deposition onto the substrate without overlapping of particles. A defined dispersion procedure shalllbe
followed dnd details thereof reported.

Another citical issue is statistical representativeness of the particles selected for analysis. Depending
on the width of the size distribution and on the particle shapé&/a large number of particles might need to
be countef to obtain sufficient statistical reliability.

Typically fwo different types of particle size distributions will be determined. The primary particle
size detefmined from free primary particles and by measuring the primary particles making [up
agglomerates and aggregates. The types of particle size distribution shall be reported. The resultjng
size distribution shall be reported in a table-and/or a graphical representation (histograms, dengity
distributipns or cumulative distributions)\aécording to ISO 9276-1.

NOTE Use of ISO 13322-1 is recommended as a comprehensive guide for image analysis.[2] It also provifles
informatiop about the number of particles to be measured.

4.2.1.2 Representative siZe-of primary particles and of their aggregates

The reprgsentative size{of primary particles and of their aggregates shall be derived from the sfze
distributipn (4.2.1.1). I may be reported as, for example, mean and standard deviation, and/or 10, O,
and 90th percentiles,of the cumulative size distribution.

ISO 9276-p to,IS0-9276-3 should be used for the expression of the representative size.[3],[4]

4.2.1.3 Shape of primary particles and of their aggregates

The shape of primary particles and of their aggregates shall be deduced from imaging techniques, such
as TEM, SEM or atomic force microscopy (AFM). A brief, qualitative description shall be done using
clearly-defined or widely-acknowledged vocabulary.

NOTE1 Attention should be paid that TEM provides 2D-projected image of nano-objects and SEM and AFM
provide surface shape of nano-objects. Image acquisition with AFM requires special attention, because tip
geometry can cause significant ambiguity of particle shape.

NOTE 2  Examples of the description are: spherical, spheroidal, polygonal, ellipsoidal, spherical aggregates,

fractal aggregates. Some useful guidanceis givenin IS0 3252 and ISO/TS 80004-3.[5],[6] More detailed, quantitative
description can be made using shape factors defined, for example, in ISO 9276-6.[7]

2 © IS0 2013 - All rights reserved
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4.2.1.4 Photomicrographs showing representative primary particles and their aggregates

Representative TEM, SEM or AFM images that illustrate both primary particles and their aggregates
shall be acquired. To ensure representativeness, take several photomicrographs of the specimen to show
the size and shape of different nano-objects. Sample identification and magnification scale shall also be
presented. Instrumental settings and preparation method should be reported if they are different from
those employed in 4.2.1.1.

4.2.2 Specific surface area
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e bulk chemical composition of the representative test material shall be nleasured. Dep

material, any suitable method(s) (e.g. titrimetry, gravimetry, X-ray fluorescence sped
uctively coupled plasma-mass spectrometry, inductively coupled ~plasma-atomic
ectrometry or atomic absorption spectrometry) can be used. The yesults shall be provid
trological traceability statement, where appropriate.

.4 Crystal structure

e structure of the nano-objects constituting the representative test material shall be char

xide) shall be identified by X-ray diffraction. In the case that the nano-objects are not cryst
norphous’), it shall be reported.

.5 Evaluation of stability

bility of the physico-chemical properties specified in 4.2.1.2, 4.2.2 and 4.2.3 shall be
ording to ISO Guide 35 by several measurements in classical or isochronous stability studie
asurements, and depending on the'material, the influence of environmental temperature
1 /or electromagnetic radiation;and the influence of vibration, are studied and a tolerable eny
storage should be deduced.\Representative test materials described in this document

Fential for changes in environmental conditions that influence the physico-chemical prope

.6 Evaluationrof‘homogeneity

e homogeneity-of the physico-chemical properties specifiedin4.2.1.2,4.2.2 and 4.2.3 shall be
fween packages (e.g. bottles, vials or test pieces) as described in ISO Guide 35. Homogeneit]
gle paekage (‘Within-bottle homogeneity’ in ISO Guide 35) should be evaluated if appropri

TE SO 14488 may be consulted for guidance on sampling.[10]

ending on
trometry,
emission
ed with a

acterized.

the case that the nano-objects are crystalline, crystalline phase (e.g. rutile and anatase i titanium

alline (i.e.

evaluated
s.[8] In the

humidity
Fironment
should be

pplied in an appropriately. packaged form (e.g. bottles, vials or test pieces) in order to minimize the

rties.

evaluated
y within a
hte.

Information related to quality management

Information on the manufacturing process of the representative test material and to the level of its quality
control are required to support claims of homogeneity and representativeness of the representative
test materials. The document claiming conformity to the quality control management requirement of
the manufacturing process, the technical description of the management system, the description of the
management of the measurement system and the record of the implementation of the management can
be included as an informative reference. The quality management system shall apply ISO 9001 or its
equivalent as the requirement standard.[12]
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6 Contents of verification report

6.1 General

The following items shall be reported. Headings of the report shall be prepared as specified in chapter
5 of ISO Guide 31:2000.

6.2 Description of the representative test material

a) Manu, i -0hj i ' ief
descrjption specifying the manufacturing method and/or equipment shall be given as, for examyple,

“Carbpn nanotube manufactured by CVD method” and “Titanium dioxide manufactured [by
sulfuric acid method”. Post-manufacturing processes which would influence the physico-chemifal
propdrties shall also be described (e.g. purification using acids and alkalis, thermal oxidization) or
intenge pulverization).

b) Surfa¢e coating. If the surface of the representative test material is coated ot-modified by other
substances, information about the surface (for example, materials and coating thickness) shall be givien.

c¢) Impurities and additives in the representative test material. Impurities dnd additives, such as metal
catalysts and stabilizers, shall be identified and quantified by a general statement (such as ‘99.4 %
pure’|or by listing all the impurities of a significant mass fraction;“including a reference to the
meth¢d(s) used to quantify the impurities).

6.3 Metsurement result

The verification report shall contain the following items with respect to measurement conditions gnd
results of| the physico-chemical properties specified in\4.2. The measurement conditions shall also
accompany the evaluation of homogeneity and stability:

6.3.1 Sige and shape of nano-objects

a) Measyirement method including detailed sample preparation (e.g. sample deduction, dispersipn,
drying and degassing), calibration, and data analysis.

b) Graphicalrepresentation ortablesshowingsize distribution of primary particlesand theiraggregates.
c) Measyires and types of the(particle size according to ISO 9276-1.
d) Reprgsentative size ofprimary particles and their aggregates.

e) Shapgq of primary particles and their aggregates.

f) Definjtion ofthe’shape, if the shape is described on the basis of other documents (for example, those
mentjonedin NOTE 2 of 4.2.1.3).

6.3.2 Specific surface area
a) Pre-treatment and degassing conditions.

b) Experimental procedure for adsorption isotherm determination, e.g. volumetric or gravimetric,
static or continuous gas admission, calibration of dead volume or buoyancy.

c) Adsorptive (chemical nature, purity).

d) Specific surface area and calculation method (for example, single or multi-point analysis with BET
method).

4 © IS0 2013 - All rights reserved
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e) (Certified) reference material(s) used for performance testing of the instrument and validation of
results.

6.3.3 Bulk chemical composition
a) Sample preparation including sampling method and number of samples.
b) Method of chemical analysis including measurement conditions and data reduction.

c) Chemical composition measured (mean and standard deviation if available).

d)| (Certified) reference material(s) used for calibration.

6.3.4 Crystal structure

a) | Sample preparation.

b) | X-ray source and wavelength.

c) | Position and intensity of major X-ray diffraction peaks for each of the'co-existing phases.
d)| Method of data analysis.

e) | Type of crystal (or ‘amorphous’).

© IS0 2013 - All rights reserved 5
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Annex A
(informative)

Verification report (example)

Representative Test Material

RTM codd and batch number

Table A.1 — Physico-chemical properties

Property Value Homogeneity
Size and ghape:

See Figure A.1 —
30 5a

Spheroidal to polygonal particles —

Size distrfibution

Mean patrtticle size (nm)

Shape

Specific sprface area [m2g-1] 120 10b
Bulk cherpical composition See Table A.2 —
Type of ctystal Rutile —

a 95 % cgnfidence interval of the arithmetic mean diameter of 2 000 measured particles.

b 95 % cenfidence interval of the mean of measurements perforined in 10 bottles.

qg

L

i |

x (nm)

Figure A.1 — Size distribution of RTM code
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