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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
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Introduction

:2018(E)

As new manufactured nano-objects are developed and find a wider range of industrial applications,
the roles of physico-chemical, performance, and safety 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 certifie
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h-certified reference materials are scarce. In such cases, “test materials,” which are,ev
mogeneity and stability of one or several of their properties, will be helpful in efférts t
reproducibility of testing methods across testing laboratories and the comparabili
ults across different test methods. This document specifies that for dry powders of naj
following minimum information be gathered and provided in a verification report to ¢
terial 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.

hformity to this document, expressed in the formof a verification report, will provide
urance that the representative test material is* homogeneous, statistically representat
nufacturing process, and has stability. This-Wwill increase the likelihood that measuren
b undertaken on the representative test material, whether for safety or function, are cq
oss testing laboratories, even for propenties for which methods are being developed and
mogeneity and stability have not been.quantitatively assessed.
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TECHNICAL SPECIFICATION

ISO/TS 16195:2018(E)

Nanotechnologies — Specification for developing
representative test materials consisting of nano-objects in
dry powder form

1

Scope

Th
po
ap
arg
wi

2
Th

is document specifies development of representative test materials consisting of nanp-obj¢
ivder form, to enable test method development and improve comparability of data fof nanot
blications. It includes the physico-chemical properties (specifically, size and shape, specif
a, crystal structure, and bulk chemical composition) that are required to be measured angd
th the representative test material.

Normative references

e following documents are referred to in the text in such a way*that some or all of the

pcts in dry
echnology
ic surface
| reported

ir content

copstitutes requirements of this document. For dated references; only the edition cited applies. For

un
IS(

IS(
std

IS(
IS(
IS(

Fo
fol

IS(

3.1

Hated references, the latest edition of the referenced document (including any amendment
Guide 31:2015, Reference materials — Contents of certificates, labels and accompanying docy

Guide 35, Reference materials — Guidance for characterization and assessment of homog
bility

9276-1, Representation of results of particlesize analysis — Part 1: Graphical representatiol
/TS 80004-1, Nanotechnologies — Vocabulary — Part 1: Core terms
/TS 80004-2:2015, Nanotechnologies — Vocabulary — Part 2: Nano-objects

Terms and definitions

" the purposes of this document, the terms and definitions given in ISO/TS 80004-
owing apply.

and I[EC maintain terminological databases for use in standardization at the following ad

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

IEC.Electropedia: available at http://www.electropedia.org/

5) applies.
mentation

pneity and

| and the

lresses:

re

presentative test material

RTM
material, which is sufficiently homogenous and stable with respect to one or more specified properties,
and is implicitly assumed to be fit for its intended use in the development of measurement and test
methods that target properties other than those for which homogeneity and stability have been
demonstrated

Note 1 to entry: An RTM may be a reference material for other properties (i.e. properties for which homogeneity
and 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.

© ISO 2018 - All rights reserved
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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 Pro

perties and measurement methods

4.2.1 Size and shape of nano-objects

4.2.1.1

A particl

primary particles or of their aggregates. An example of such a measurement method is transmiss

electron

is sufficient to measure the particle size of interest. The method or calibrant used'to calibrate the siz

method s

One critid

deposition onto the substrate without overlapping of particles. A defined dispersion procedure shall

followed 4

Another c
on the wid
be counte

Typically
whether t
size distr
distributi

If traceabi
to approp

— the us
or che

— the us
all pa

Use of 1SQ
informati

ize distribution of primary particles and of their aggregates

counting-based method shall be performed for measurement of the sizeldistribution
icroscopy (TEM). Scanning electron microscopy (SEM) can also be used\ifthe SEM resolut

ould be given, as an indication of the metrological traceability [1]«gfthe obtained data.

al issue is sample preparation, in particular the dispersion of agglomerated particles 3

nd details thereof reported.

ritical issue is statistical representativeness of the particles selected for analysis. Depend
Ith of the size distribution and on the particle shapg/a large number of particles might need
d to obtain sufficient statistical reliability.

two different types of particle size distribtutions may be determined. It shall be repor1
he size distribution is that of primary papticles or that of their aggregates. Also, the result
bution shall be reported in a table-and/or a graphical representation (histograms, dens
bns or cumulative distributions) inae€cordance with ISO 9276-1.

lity to ST units is not available, metrological traceability should be established by a traceabil
Fiate measurement standar@:}1[2] such as:

mical characterization of a material;
e of specified méthods and/or consensus standards that are clearly described and agreed

'ties conceruned:

bn abeut the number of particles to be measured.

of
on
on

ng

nd
be

ng
to

ed
ng
ity

ity

e of certified reference materials provided by a competent supplier to give a reliable physical

by

13322<1 js recommended as a comprehensive guide for image analysis[3]. It also provigles

4.2.1.2

enresentative size of nrimarv particles and of their aggregates.
r r v {ele] [=)

Representative size of primary particles and of their aggregates shall be derived from the size
distribution (4.2.1.1). It may be reported as, for example, mean and standard deviation, and/or 10, 50,
and 90th percentiles of the cumulative size distribution.

[SO 9276-2 and ISO 9276-3 should be used for the expression of the representative sizel41[3].

4.2.1.3

Shape of primary particles and of their aggregates

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.

© ISO 2018 - All rights reserved
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Attention should be paid to the fact that TEM and SEM provides 2D-images of the contours (TEM) or
surface (SEM) of nano-objects, and that AFM provides a surface topographical image of the particles.
Image acquisition with AFM requires special attention, because tip geometry can cause significant
ambiguity of particle shape.

NOTE Examples of the description are: spherical, spheroidal, polygonal, ellipsoidal, spherical
aggregates, fractal aggregates. Some useful guidance is given in ISO 3252 and ISO/TS 80004-3I¢]
[Z]. More detailed, quantitative description can be made using shape factors defined, for example, in
1SO 9276-6[8l.

4.7T 3 TImages showing representative primary particles and their aggregates

Representative TEM, SEM or AFM images that illustrate both primary particles and their a
shall be acquired. To ensure representativeness, take several images of the specimen t6 sho
anfl shape of different nano-objects. Sample identification and scale bar shall be presented
impge. Instrumental settings and preparation method should be reported if they are diffq
th¢se employed in 4.2.1.1.

ggregates
w the size
with each
rent from

4.2.2 Specific surface area

ecific surface area of the representative test material shall be determined, for examplle, by gas
sorption using the BET method as described in IS0 9277(12],

Sp
ad

4.2.3 Bulk chemical composition

Bulk chemical composition of the representative test material shall be measured. Depend]
mdterial, any suitable method(s) (e.g. titrimetry,~gravimetry, X-ray fluorescence spe
inductively coupled plasma-mass spectrometry, inductively coupled plasma-atomic
spectrometry or atomic absorption spectromeétry) can be used. The results shall be provid
mgtrological traceability[l] statement, where-appropriate.

ng on the
trometry,
emission
ed with a

4.2.4 Crystal structure

Th|
In
dig

al

e structure of the nano-objects constituting the representative test material shall be charfacterized.
case that the nano-objectsare crystalline, the crystalline phase (e.g. rutile and anatase in titanium
xide) shall be identified. by X-ray diffraction. In case that the nano-objects are not crystalline (i.e.
norphous”), this shall be-reported.

.5 Evaluatiomofstability

bility of the‘physico-chemical properties specified in 4.2.1.2, 4.2.2, 4.2.3 and 4.2.4 shall b¢
ording te;'e.g. ISO Guide 35 by measurements in classical or isochronous stability stu

b assessed
dies[9]. In

measurements, and depending on the material, the influence of environmental ten

perature,

midity and/or electromagnetic radiation, and the influence of vibration, are studied and g tolerable
Uitonment for storage should be deduced Representatlve test materlals descrlbed in thls document

potentlal for changes in env1ronmental condltlons that 1nf1uence the phy51co chemical properties.

NOTE Stability is a characteristic 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: ISO Guide
30:2015].

4.2.6 Evaluation of homogeneity

The homogeneity of the physico-chemical properties specified in 4.2.1.2, 4.2.2, 4.2.3 and 4.2.4 shall be
evaluated between packages (e.g. bottles, vials or test pieces) as described in ISO Guide 35. Homogeneity
within a single package (“Within-bottle homogeneity” in ISO Guide 35) should be evaluated if
appropriate.

© ISO 2018 - All rights reserved
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ISO 14488 may be consulted for guidance on sampling[11].

5 Information related to quality management

Information on the manufacturing process of the representative test material and on the level of
its quality control are required to support claims of homogeneity and representativeness of the
representative test materials. The document certifying conformity to the quality management
system (QMS) 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

ent

QMS can
system, sy

6 Cont

6.1 Ger

The follow
of ISO Gui

6.2 Degcription of the representative test material

a) Manufacturing process of the raw nano-objects used for thedepresentative test material. A bi
ption specifying the manufacturing method and/or equipment shall be given as, for examjple,

descr
"Carb
sulfut

propdrties shall also be described (e.g., purification using acids and alkalis, thermal oxidization

ch as ISO 9001, to the manufacture of the representative test material.

ents of verification report

jeral

ing items shall be reported. Headings of the report shall be prepared.as'specified in Claus
e 31:2015. See Annex A for an example of verification report.

on nanotubes manufactured by CVD method" and”"Titanium dioxide manufactured

ief

by

ic acid method". Post-manufacturing processes.which would influence the physico-chemifal

or

all

as

intenge pulverization).

b) Surfafe coating. If the surface of the representative test material is coated or modified by other
substpnces, information about the surface (for example, materials and coating thickness) sh
be given.

c) Impurities and additives in the representative test material. Impurities and additives, such

metal catalysts and stabilizers,-shall be identified and quantified by a general statement (such|

“99,2

the mlethod(s) used to quantify’the impurities).

6.3 Metsurement result

The verifi
results of
and stabi
stability.

% pure” or by listing all-the' impurities of a significant mass fraction, including a reference

ation reporctishall contain the following items with respect to measurement conditions g
the physico-chemical properties specified in 4.2 with statements about their homogene
ity. The"measurement conditions shall also accompany the evaluation of homogeneity 3

as
to

nd
ity
nd

6.3.1 Size and shape of nano-objects

a) Measurement methods including detailed sample preparation (e.g., sampling, dispersion, drying

and d

egassing), calibration, and data analysis.

b) Graphical representation or tables showing size distribution of primary particles and their
aggregates.

c) Measures and types of the particle size according to ISO 9276-1.

d) Representative size of primary particles and their aggregates.

e) Shape of primary particles and their aggregates.
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g)
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Definition of the shape, if the shape is described on the basis of other documents (for example,

those mentioned in the NOTE of 4.2.1.3).

Image showing representative primary particles and their aggregates with its sample identification

and scale bar.

6.3.2 Specific surface area

a)
b)

Pre-treatment and degassing conditions.

static or continuous gas admission, calibration of dead volume or buoyancy.

Adsorptive (chemical nature, purity).

aravimetric,

Specific surface area and calculation method (for example, single or multi-poeint analysig with BET

method).

(Certified) reference material(s) used for performance testing of thednstrument and va
results.

.3.3 Bulk chemical composition

Sample preparation including sampling method and number of samples.
Method of chemical analysis including measurement:¢enditions and data reduction.
Chemical composition measured (mean and standard deviation if available).

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

3.4 Crystal structure

Sample preparation.

X-ray source and wavelength:

Position and intensity of major X-ray diffraction peaks for each of the coexisting phases.
Method of data anaflysis.

Type of crystalffer “amorphous”).

idation of

© ISO 2018 - All rights reserved
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Annex A
(informative)

Verification report (example)

A.1 Representative testmatertal
RTM codeland batch number

Physico-chemical properties of the RTM is summarized in Table A.1.

Table A.1 — Physico-chemical properties

Property Value Homogeneity
Size distribution See Figure A.] —
Size and shape Mean particle size [nm] 30 5a
Shape Spherozc)i;lrl.ttic():lz(s)lygonal L
Specific syrface area [m2g-1] 120 10b
Bulk chenical composition See Table A.2 —
Crystal styucture / crystalline phase Rutile —
a 95 % cpnfidence interval of the arithmetic mean diameter-of 2 000 measured particles.
b 9509 cpnfidence interval of the mean of measurements-performed in 10 bottles.

9y A

x {nm)

Key
x  particles size

% density distribution by number

Figure A.1 — Size distribution of RTM code
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