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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.

Internatignal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Par

The main| task of technical committees is to prepare International Standards. Draft Intétnatio
Standardg adopted by the technical committees are circulated to the member bodiesvfor voti
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casting a yote.

In other c
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An ISO/PAS or ISO/TS is reviewed after three years in order to decide whether it will be confirmed

an IS
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techn
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ISO/TS 12025 was prepared by Technical Committee ISO/TC 229, Nanotechnologies.

rcumstances, particularly when there is an urgent market requirementfor’such document
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Introduction

The emissions or release of nano-objects into the surrounding air from powdered nanostructured
materials resulting from handling is an important consideration in the design and operation of many
industrial processes. Released nano-objects may affect human health and the environment, depending
on the nature and quanitity of the nanomaterial. It is therefore important to obtain data about the
propensity of nanomaterials to release nano-objects, thereby allowing exposure to be evaluated,
controlled and minimised.

Threemain target groups of experts for the evaluation of the release of nqnn-nhjpr‘fc from powdered

nahostructured materials are:

— | material scientists and engineers, who design safe nanomaterials and safée -hanjomaterial
handling processes;

— | occupational, health and safety specialists;

—| environmental specialists, who need exposure data in addition to toxicity data for risk afsessment
of manufactured nanomaterials (see A.2) and who collect dustiness\data (gravimetric ps well as
particle concentration and particle size information).

The propensity of nanomaterials to release nano-objects into,the air is determined by test methods
deyised to apply energy to a sample to stress the intra-particlébonds. This stressing induceq abrasion,
ergsion or comminution, which causes dissemination ofsthe particles into the gaseous phase, i.e.
geheration of aerosols allowing quantification with aerosol instrumentation.

Mdthods to measure the release of nano-objects from nanomaterials may include dustingss testing
mgthods but basic differences from conventional dustiness methods should be considered. The
high variability of the flow properties of powders and the influence of the test setup shoulld also be
copsidered. Conventional dustiness methods fo¥' micrometre size particles estimate the amoynt of dust
geherated in terms of dust mass fraction or-dustiness indices. The methods of aerosol generatjon for the
determination of the dustiness of powders-containing primary particles of less than 10 pm if} diameter
haye been found to produce very dissifnilar results.

Thre are a large number of possible combinations of different approaches for the design of|dustiness
mdthodsl(1l. The only currentsstandard, EN 15051:2006[2], selected two methods: the rotating drum
mgthod and continuous drop method. The measured values are the inhalable, thoracic or fespirable
mdss fractions, expressed in' mg/kg.

Definitions of the inhalable, thoracic and respirable fractions can be found in EN 481[3]. Aerjodynamic
digmeters of 100, 10 um and 4 pm are the upper limits of the corresponding size fractigns. These
mdss fractions_which are relevant for inhalation, can be added as measurands in measurement of
aerosolised nano-objects to characterize the complete particle release scenario.

Schneidersand Jensenl4] described approaches using particle size distributions by numbef to relate
exposure from nano-objects in the indoor environment to source strengths resulting from the release
of hano-objects during the handling of nanostructured powders. They concluded that dustingss testing
combined with online size distribution measurements provides insight into the state of agglomeration
of particles released during handling of bulk powder materials.

Furthermore, the evaluation of the release of nano-objects from powdered nanostructured materials
requires additional methods and measurands compared to the methods assessing the dustiness of
powders. Particle number concentration and size distribution are other measurands necessary for
quantifying the release of nano-objects.

Aerosolsofnano-objectsare more dynamicthan micrometre sized particlesbecause of greater sensitivity
to physical effects such as Brownian diffusion. Porosity and cohesion of the powder can be much higher
than those containing larger particles with more resistance to flow and lower volume-specific surface
area. Nano-objects in powdered materials can dominate relevant properties of the bulk material by
particle-particle interactions that form clusters like agglomerates. There is still a lack of understanding
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in the characterization of these secondary nanostructured particles, consisting of primary nano-objects.
It has been shown for fumed silica, as an example, that the resulting aerosol particle size distribution
depends strongly upon the conditions involved in the different measuring methodsl[5]6].

Aerosols and powders are also generated by tribological abrasive testsl7] of nano-composites and paints
containing nanoparticles[8I[9]. Such abrasion tests are not addressed by this Technical Specification.
However, the measurement methodology of these publications has been proven for the quantification of
nano-object release from wear powders by generation of aerosols.

vi © ISO 2012 - All rights reserved
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TECHNICAL SPECIFICATION ISO/TS 12025:2012(E)

Nanomaterials — Quantification of nano-object release
from powders by generation of aerosols

WARNING — The execution of the provisions of this document should be entrusted only to
appropriately qualified and experienced people, for whose use it has been produced.

1 | Scope

Thiis Technical Specification provides methodology for the quantification of nano-ohject release from
powders asaresultoftreatment, ranging from handling to high energy dispersion, by,measuring aerosols
libprated after a defined aerosolization procedure. In addition to information,in‘terms of|mass, the
aerosol is characterized for particle concentrations and size distributions. This Pechnical Sp¢cification
provides information on factors to be considered when selecting from the available methods fpr powder
sampling and treatment procedures and specifies minimum requirements‘for test sample prgparation,
tedt protocol development, measuring particle release and reporting.data. In order to charaqgterize the
fulll size range of particles generated, the measurement of nano-pbjects as well as agglomgrates and
aggregates is recommended in this Technical Specification.

Th]’t;s Technical Specification does not include the characterization of particle sizes within tHe powder.
Tribological methods are excluded where direct mechanical friction is applied to grind or abrade the material.

2 | Normative references

The following referenced documents are indispensable for the application of this document. Fqr undated
references, the latest edition of the referenced document (including any amendments) applieq.

ISQ/TS 27687:2008, Nanotechnologies <~ Terminology and definitions for nano-objects — nafoparticle,
nahofibre and nanoplate

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

3 | Terms, definitions-and abbreviated terms

For the purposes of this’document, the terms and definitions given in ISO/TS 27687 and ISO/T|S 80004-1
an(l the following-apply.

3.1 General terms

311
release from powder

£ £ £ ial £ | + 1: A | £ diat la
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3.1.2

nano-object number release

n

total number of nano-objects, released from a sample as a consequence of a disturbance

3.1.3

nano-object release rate

ny

total number of nano-objects, released per second as a consequence of a disturbance
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3.14

mass-specific nano-object number release

Nm

nano-object number release, divided by the mass of the sample before the disturbance

3.1.5

mass loss-specific nano-object number release

NAm

nano-objectnumberrelease, divided by the mass difference ofthe sample before and after the disturbance

3.1.6
nano-obj
Cn
number o

3.1.7
aerosol v
Ve

bct aerosol number concentration

Fnano-objects per aerosol volume unit in the sample treatment zone

plume flow rate

volume flpw rate through the sample treatment zone

3.2 Terms related to particle properties and measurement

3.2.1
aerosol
system of

[1SO 1590

3.2.2
intrapar
ratio of t

[1SO 1590

3.2.3

solid or liquid particles suspended in gas

[0:2009, definition 2.1]

icle porosity
volume of open pores internal to the particle to the total volume occupied by the solid

1-1:2005, definition 3.9]

interparticle porosity
ratio of th¢ volume of space between particles in a powder to the apparent volume of the particles or pow

[1SO 1590

3.2.4
equivale

1-1:2005, definition3.10]

t spherical diameter

diameter pf asphere that produces a response by a given particle-sizing instrument, that is equival
to the respanse produced by the particle being measured

NOTE 1
(IS0 9276-

NOTE 2

NOTE 3

NOTE 4

Her

ent

The physical property to which the equivalent diameter refers is indicated using a suitable subscript

1:1998).

For discrete-particle-counting, light-scattering instruments, the equivalent optical diameter is used.

For inertial instruments, the aerodynamic diameter is used. Aerodynamic diameter is the diameter of
a sphere of density 1 000 kg m-3 that has the same settling velocity as the irregular particle.

[ISO/TS 27687:2008, definition A.3.3]

© ISO 2012 - All rights reserved
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3.25

particle size distribution

PSD

cumulative distribution or distribution density of a quantity of particle sizes, represented by equivalent
spherical diameters or other linear dimensions

NOTE Quantity measures and types of distributions are defined in ISO 9276-1:1998.

3.2.6

particulate matter smaller 2,5 pm
PM2,5

mdss concentration of fine particulate matter having an aerodynamic diameter less than orjequal to a
inal 2.5 micrometres (PM3 5)

E See Reference [10].

mdss concentration of fine particulate matter having an aerodynamic diameter less than orjequal to a

NOTE 2 PM10 is used for the thoracic fraction as explained in£N481:1993.
3.2.8

cohdensation particle counter

C

indtrument that measures the particle number concentration of an aerosol using a condensation effect

NOTE1  The sizes of particles detected are*usually smaller than several hundred nanometres and larger than a
few nanometres.

NOTE 2 A CPCis one possible detector for use with a DEMC.

NOTE 3 Insome cases, a condensation particle counter may be called a condensation nucleus counter (CNC).
NOTE4  Adapted from ISO'¥5900:2009, definition 2.5.

3.2.9

differential electrieal mobility classifier

DEMC

classifier that isable to select aerosol particles according to their electrical mobility and pass them to its exit

E A DEMC classifies aerosol particles by balancing the electrical force on each particle with its
aerfjodynamic drag force in an electrical field. Classified particles are in a narrow range of electrichl mobility
deflermined by the operating conditions and physical dimensions of the DEMC, while they can have different sizes
due to difference in the number of charges that they have.

3.2.10

differential mobility analysing system

DMAS

system to measure the size distribution of sub-micrometre aerosol particles consisting of a DEMC, flow
meters, a particle detector, interconnecting plumbing, a computer and suitable software

NOTE [ISO 15900:2009, definition 2.8]
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3.2.11
nano-object
material with one, two or three external dimensions in the nanoscale

NOTE1 Generic term for all discrete nanoscale objects.
NOTE2 [ISO/TS 27687:2008, definition 2.2]

3.2.12
nanoscale
size range from approximately 1 nm to 100 nm

NOTE1 |Properties thatare not extrapolations from a larger size will typically, but not exclusively, be exhibited
in this size|range. For such properties the size limits are considered approximate.

NOTE 2 |The lower limit in this definition (approximately 1 nm) is introduced to avoid single and small groyips
of atoms fijom being designated as nano-objects or elements of nanostructures, which might/e implied by the
absence offa lower limit.

NOTE 3 |[ISO/TS 27687:2008, definition 2.1]

3.2.13
agglomerate
collection pfloosely bound particles or aggregates or mixtures of the two heldtogether by weak forces where
the resulting external surface area is similar to the sum of the surfaceareas of the individual componenjts

NOTE1 |The weak forces, for example, are van der Waals forces or simple physical entanglement.
NOTE 2 |Agglomerates are secondary particles and the original@ource particles are primary particles.
NOTE 3 |Adapted from ISO/TS 27687:2008, definition 3.2.

3.2.14
aggregate
particle domprising strongly bonded or fused particles held together by strong forces where the
resulting pxternal surface area is significantly smaller than the sum of calculated surface areas of the
individual] components

NOTE 1 |The strong forces, for example, are covalent bonds, or those resulting from sintering or complex
physical erftanglement.

NOTE 2  |Aggregates are secohdary particles and the original source particles are primary particles.
NOTE 3 |Adapted from ISO/TS 27687:2008, definition 3.3.

3.2.15
dustinesg
propensity of materials to produce airborne dust during handling

NOTE1 |For'the purposes of this document, dustiness is derived from the amount of dust emitted durinlg a
standard test procedure.

NOTE2 [EN 15051:2006, definition 3.4]

4 Symbols

For the purposes of this document, the following symbols apply:
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Symbol Quantity SI unit
n nano-object number release dimensionless
ng nano-object release rate s1
Cn nano-object aerosol number concentration m-3
Ny mass specific nano-object number release kg1
nam  |mass loss specific nano-object number release from a treated sample kg1
with
amassloss Am
Ve aerosol volume flow rate mp s-1

5 | Factors influencing results of nano-object release from powders

5.1 Test method selection

Thr purpose of the planned test or experimental program should be carefully defined during|selection.

Selection of the test method depends on the following considerations:

a) | powder properties listed in Table 1;

b) | applicability of standardized dustiness test methods(2lor of other powder treatment njethods to
simulate the typical powder handling process in practice as well as selection of the appropriate
treatment parameters.

The outcome of the planned test will be dependerit on the experimental conditions selected.

EXAMPLE1 Determination of the nano-object\release and of the dustiness of a powder to predict release of

particles during handling in typical industrial processes.

EXAMPLE 2  Estimation of nano-objecf_and agglomerate/aggregate release from powder during very high

engrgy testing.

5.2 Material propertiesinfluencing nano-object release from powder

Properties influencing generation and measurements of aerosolized powders containing nano-objects

ar¢ summarized in Tablg"l. Presently, many of these properties might not be easily measured, however,

they should be considered.

© IS0 2012 - All rights reserved 5
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Table 1 — Representative properties influencing nano-object release from powders

Property

Description

Particle size

Fundamental property. The value of the particle size depends on the sizing method
and the corresponding equivalent diameter (e.g. aerodynamic diameter, electrical
mobility diameter, equivalent area diameter).

The particle size of primary particles or aggregates will not change during the
handling of nanostructured powders. Particle size of agglomerates will change
under certain process and handling conditions. Therefore it may behave like a

nrrocaccnaramatayx

TOCCSSpararteeer
4 | 4

The measured size distribution of particles will depend on the type of instrumefit.
The instrument might measure aerodynamic or mobility diameters, specific-sur-
face areas or other parameters. The exact shape of primary particles willydepend
on the manufacturing process. Nano-objects may be a small fractioncofithe total
mass for some materials.

Particle shape

Particle shapes are found in a wide range of geometries depending on the materipl
and the process. Agglomerates and aggregates of nano-objects'may have a fractall
shape. Adhesion forces depend on the particle shape because of the contact geon
etry.

Crystalligity

Some powdered materials can exist in various crystalline states or in amorphous
form. The fraction of the crystalline phase may vany depending on the particle
size.

Hygroscopicity

Interaction of the particle with moisture in<the air characterized by the relative
humidity will affect the cohesion of the particles. Thus, the history of the relative
humidity of the environmental conditions used to store the powder may be impor-
tant.

The hydrophobic versus hydrophilic characteristics affect dustiness because, as
time goes on, a hydrophilic nahomaterial such as magnesium oxide will become
less dusty as it absorbs water from the air. Some synthetic amorphous silica, on
the other hand, for example, can be easily electrostatically charged and is readily
aerosolized.

Cohesion

)

The magnitude ofiadhesion forces between particles will affect the detachment ¢
particles as force-is introduced into the system. Cohesion will affect the porosity
between the.paftticles and flow ability of the powder. The tendency of the nanopd
wders tosihter or agglomerate is also a consideration.

Material ¢lensity

The material density will affect aerosolization. For example some tungsten oxide
hasahigh density and is not very dusty.

Porosity Rorosity is a measure of the void spaces in a material. This includes the porosity pf
primary nano-objects, agglomerates and generally the packing density of the bulk
powder.

Electrical The electrical resistance of the powder affects the ability of the system to dissi-

resistivity pate electrical charge.

Triboelectrics The ability of the material to generate static electricity will affect the forces within

the powder.

These material-specific properties of powder are considered in the test design in Clause 6 or in the data
reporting in Clause 8, respectively.

5.3 Test stages

A schematic overview of the test stages necessary for the quantification of nano-object release from
powders is shown in Figure 1. Based on the multitude of factors that influence sample preparation
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and sample treatment, and the current lack of understanding of sample treatment, this Technical
Specification provides normative content on basic conditions for the aerosol measurement stage.

Purpose Test stage Example
) ) . sample preparation powder and air humidity
simulation of material state (subclause 6.3) —> (data reporting 8 a, b)
ratation speed
simulration of sample tfreatment N sedimentation hetal
application process (subclause 6.4) (data reporting 8 cg )
quantification of released nano-object aerosol measurement > nur:I;:r(i%zigi?rr:ﬁcn
amount (subclause 6.5) (data reporting 8 e-f)

Fi

Cu

po
Fo

bure 1 — Schematic overview of test stages for the quantification of nano-object rele
powders

Frently, for sample treatment no one general method can he normatively standardized.
ivder studies suffer from incomplete determination of the’ energy input during sample tred
 repeatable powder treatment, two devices have beenstandardized for dustiness measursg

Annex B) and further devices are tested and recommended in literature (see Annexes C and D
adfls continuous treatment in technical disagglomeration principles.

6 | Test requirements

6.1 General

6.1.1 Process parameters of ¢he sampling procedure and of the measurement procedur
selected with regard to the purpose of the test and to relevant material properties from Table

6.1.2 The test protocal shall contain these considerations: the purpose, the procedure paran

th¢ relevant materiakpToperties.

6.1.3 Agreenients between buyer and seller should include considerations of the process
simulated, ability to relate to standard methods and the objectives of the study.

6.2 .Safety assessment

ase from

Nearly all
tment[12],
ment (see
.Annex E

e shall be
.

heters and

ronditions

6.2.1 A safety assessment shall be conducted for the materials before beginning the tests. Guidance is
given in ISO/TR 13121[47] and ISO/TR 27628[13].

NOTE 1

NOTE 2
explosive hazard.

6.2.2 Electrical earthing shall be considered to prevent electrostatic charge build-up.

Some nanomaterials might be toxic. The severity of the toxicity might depend on particle composition,
size, morphology and other physico-chemical properties of the material.

A nanomaterial that is potentially explosive, pyrophoric or sensitive to ignition might present a fire or

6.2.3 The tests should be tailored according to the hazard. The following examples are not exhaustive

but rather are representative:
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EXAMPLE1 Inert atmospheres may need to be used for some materials and other control measures to be
applied (e.g. electrical earthing of equipment; use of antistatic mats and shoes).

EXAMPLE 2  Toxic materials need to be tested under appropriate controlled conditions (e.g. glove boxes or
fume cupboards) or should be substituted with a non-toxic or less toxic substance. The substitute material should
exhibit the significant characteristics of the materials of interest. If the substitute material is tested, it should be
specified how the equivalence with the toxic material can be ensured.

6.2.4 Differential electrical mobility analysis for aerosol particles may require radioactive sources
within the measurement dev1ce The function of the partlcle charge condltloner is to estabhsh a known
51ze depe nden i

shipping and disposal regulations that govern radioactive sources vary from nation-to nation. This
Technical Specification can therefore only advise all users of radioactive material that lecal, national gnd
internatiopnal laws and regulations should be considered and followed.

6.3 Sample preparation

Sample prjeparation procedures shall be reported, e.g. humidity conditiofing of the sample and the test
equipmenyt, sample splitting, electrostatic charging and sieving for limiting maximum agglomerate sjize
of particlgs.

Guidance |on powder sampling, sample splitting and minimum sample size is given in ISO 14488.
Additional_ safety precautions for nanomaterials require th€,sampling and sample splitting in cloged
systems ofr within a fume cupboard.

6.4 Sample treatment
6.4.1 Dustiness methods

6.4.1.1 JPelection of methods

Methods [with controlled levels of-applied energy selected to estimate the dustiness related|to
nanomaterials expected in an-indastrial or user setting shall be based on the established practjice
described|in 6.4.1. Some selection criteria were published for dustiness measurement of micromefre
sized powlders (see AnnexA):

6.4.1.2 Reference test methods

The rotatng drum method (see Annex B) is one of the two reference test methods for determining a
dustiness|index(described in EN 15051:2006. The dust is generated by a multiple continuous dropp|ng
process of pewder at low speed and is intended to simulate general handling processes, which involve
continuouS dropping processes.

The continuous drop reference method (see Annex B) intends to simulate dust generation processes
where there are continuous falling operations (e.g. conveying, discharging, filling) and where dust is
liberated by winnowing during falling. It differs from the rotating drum method in that the bulk material
is dropped only once, but continuously.

6.4.1.3 Vortex shaker method

Inthevortexshakermethod (see AnnexC)apowderisplacedinaglasstesttubeand agitated usingalaboratory
vortex shaker while a continuous flow of gas (typically air) is supplied to the tube. The particles released
from the powder are carried out of the tube by the air flow and delivered to measurement instruments
that determine size and/or concentration of the released particles. This technique does not require a large
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amount of sample for testing. Typically the amount of sample is in the range from a few milligrams to a few
hundreds of milligrams. The method needs to be checked for the specific powder for stability.

6.4.1.4 Dynamic method

This method utilizes only milligrams of powdered material per test and is completely self enclosed. Both
of these attributes are useful to evaluate nanoscale materials. The test apparatus consists of a glass
chamber with an aspiration nozzle to disperse milligram quantities of test powder into the chamber,
and two samplers within the chamber to collect the dispersed dust. Airflows and sampling times are
controlled by the tester, which is connected to a vacuum source. The dust is dispersed by pulling the

du

6.4

Po
du
be

An|

5t Into the glass chamber with a short and rapid application of vacuum (see Annex D).

.2 Dispersion methods

wwder dispersion methods have been developed for a wide range of applications.including g
5t for inhalation studies, filter testing and environmental atmospheres. A number of met
bn used and are tailored to the dust and the application.

overview of disagglomeration principles is shown in Annex E. Onemethod cannot covel

rampge of different industrial applications of powders containing nano-objects, like nanog

po

6.4

6.4
dis

6.4.

ivders, and the very different flow properties of powders.
.3 Sample treatment execution and report

.3.1 The description of the test method shall include specification of sample aerosoliz
agglomeration characteristics:

duration of test and number of runs;

NOTE1 In a rotating drum or vortex shaker, agglomeration of fractal powders can occur
repeated powder disturbance.

type and description of treatment.ef the powder;
NOTE 2  Inthe drop test, impact on the bottom, coated or uncoated with powder, will affect thg
inlet design of the testmethod.

NOTE3 In the dynamic method, the inlet diameter may influence the agglomerate accele
deceleration withiithe sampling chamber.

3.2 The follewing sample treatment parameters have an influence on the resulting partic

enerating
hods have

" the wide
tructured

ation and

because of

results.

ration and

le release.

They shall be\kept constant throughout the tests and between tests to achieve reproducibility of the

res

a)

ults. Ferscomparison between different tests they should be quantified.

Sample volume, residence time of the sample in the treatment zone. Both sample volume a

nd sample

mrassshallbe recorded. Toensure rpprnr‘]nr‘ihi]ify, thevolumeusedshallhe g ’fnp' volumer

ther than

b)

a ‘pour’ volume. Guidance on how to obtain a constant sample volume is given in EN 15051

:2006, C.3.

Mechanical energy input to the treatment zone (air flow pressure drop or other energy input).

NOTE1 Research is needed on the measurement of the force or energy acting directly on the sample or

agglomerates, like local shear stress, resulting from velocity gradients or dynamic impact.

Humidity, temperature and ion concentration.

NOTE 2  All material is to be tested under the same humidity-controlled environment. The dustiness of a
powder tested under a 50 % humidity atmosphere will be different from the dustiness of the same powder
tested under a 30 % or 80 % humidity atmosphere. Humidity inside the test equipment should be 50 % * 10 %.

NOTE 3  Temperature also should be kept constant 21 °C + 3 °C.
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d) Air volume flow through the treatment zone.

e) Particle concentration in the air during treatment (interparticle distances determine the ratio of
disagglomeration/agglomeration).

6.4.3.3 The test equipment should be electrically grounded.

6.4.3.4 The repeatability of the aerosolization and disagglomeration process shall be determined over
three to 10 tests of fresh powder samples and can be reported as minimum and maximum values in
addition to the average values of the particle number release. The repeatability of the measurement shall
also be reported as described in 6.6.6.

6.5 Measurement of aerosolized nano-objects

6.5.1 Tygansport and sampling parameters

Transporf and sampling process parameters are:

a) matetfial, length and diameter of sampling tubes;
NOTE Tubes made of electrically conductive materials are recommended for minimizing particle losses
due td electrostatic deposition. Furthermore diffusion, gravity and inextia can cause losses in tubes, whlich
should therefore be as short as possible. However, instruments operaté on different flow rates and losses will
be different even if the length and size of the tubing is the same.

b) sampling air flow, dilution ratio;

c) shear]stress as a result of aerodynamic pre-classification (at the inlet of the measurement devicg);

d) shear|stress within a measurement device (for instance of aerodynamic sample focusing);

e) parti¢le number concentration in the tubesishould not be greater than 1 000 000 cm-3 to limit
partigle coagulation (agglomeration).

6.5.2 Sige and concentration measurement results

6.5.2.1 Nano-object number rélease

The quantity measure “mass’-of a particle size fraction depends on the third power of the particle size,
i.e. if the particle size decreases by a factor of 10, the particle mass reduces by a factor of 1 000. Thius,
the nano-pbject mass concentration may be too low to be measured alone with current commerciglly
available |nstruments.‘Number-based methods are the most sensitive for the smallest size classeq in
broad particle sizeldistributions.

The general measurand, the nano-object number release n, is given by Formula (1). If relevant, the
dilution ratieyhas to be taken into account.

n=n,-t=c, -Vt M

where
ng is the nano-object release rate;
cn is the measured nano-objects number concentration;
t is the measurement time;

Vt is the air volume flow rate through the treatment zone.
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r variable release concentrations, the second term in Formula (1) can be evaluated as

n = Vt -ZCn'i Atl
i

where

cn,i 1s the measured nano-objects in an increment of time;

At; is the time increment.

6.3.2.2 Specific nano-object number release

Thi specific nano-object number release is expressed in two forms, in relation tothesample,

b)

Pa

mass specific release ny, is given in Formula (3), expressed in number per'kg

where m is the mass of the test sample;
or

mass loss specific release napy given by Formula (4), expressed in number per kg

where
n is nano-object number release;

Amis the mass difference of the test sample before and after testing.

6.3.2.3 Size range limits

The nanoscale as @pplied in this Technical Specification shall range from 1 nm to 100
acknowledged thab the resolution of the lower limit is currently technically unfeasible. A

up
be

pber limit different measurement methods may yield different results. The experimental dg
specifieditt accordance with Clause 8.

6.3.23.1 Lower size limit

rticle size range limits and the'release characterization of larger particles shall be reported.

:2012(E)
(2)
as:
(3)
4)

nm. [t is
so, at the
tails shall

Nano-objects (more precisely, nanoparticles] with size below about 10 nm require speciiic sampling
and measurement device design because of diffusion losses in tubes or at the inlet of the instruments.
Depending onthe number-based particle size distribution, the determined particle number concentration
mightbe too low, and particle counters with different lower size limit may give different particle number
concentrations.

Size measurement by differential electrical mobility analysis for aerosol particles is applicable to
particle size measurements ranging from approximately 1 nm to 1 um (ISO 15900). The lower size limit
is defined as the diameter at which the instrument counts 50 % of the particles.

©lI
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6.5.2.3.2 Upper size limit

Differential electrical mobility analysis for aerosol particles covers the particle size range from 3 nm to
1 um. Truncation of the number-based particle size distribution at 100 nm mobility equivalent diameter
and summation of the contents of the smaller size classes delivers the nano-particle release number by
calculation with the particle concentration and aerosol flow rate.

Because of the geometric definition of nano-objects in ISO/TS 27687 as the current best practice, the
equivalent diameter measured shall be reported as well as its conversion equation to a geometric
dimension of 100 nm (thickness of nanoplates or width of nanofibres) and the necessary assumptions
on shape, s i here j i i

The interpretation of equivalent diameters from measurement results of other nano-objects (nanoplates
and nanoffibres) actually requires further studies to understand shape and structure effects dn particle
sizing. Onle way of estimating these properties would be to use high resolution electron‘microscqpe
character]zation of the size, shape and porosity of the particles in the powder being investigated in
order to idlentify the dimensions and morphology of the most abundant nano-objectsrThis informatjon
could thep be used, with certain assumptions with respect to the physical principles of detection|to
relate the|signals from the measuring device(s) to the size of nano-objects detected.

Linking ngno-object release tests to dustiness tests or other particle releas¢tests in larger size ranges
is very udeful to enable better interpretation of the results, especially.-also of the disagglomerat{on
treatment and applied stress. Therefore simultaneous measurement(of larger particle sizes with the
sub-micrdmetre or micrometre size range is recommended.

However, [the principle of operation of particle size instrumentation limits the range of particle sizes
that can be measured. Therefore more than one type of instrunient is often used with overlapping sjze
ranges. Depending on the material, these size distributions‘may not match exactly, because different
measuring principles deliver different equivalent diameters.

To calculafe one diameter from another, certain material properties need to be known. The assumptidns
on materipl properties, relevant for this calculation, shall be reported, e.g. the particle density, shapq or
refractivelindex.

Furthermpre, device-specific effects, for example coincidence errors and counting efficiency, can rediice
the measyred particle concentration atthe boundaries of a measuring range.

Optical pqrticle spectrometers and\optical particle counters, covering only the upper part of the stib-
100 nm sife range are standardised in ISO 21501-1[14] and in ISO 21501-4[15].

Laser difffaction in combination with static laser light scattering can be used to measures particle sfize
distributipns (not concentrations) from the nanoscale (depending on the optical properties and the
absence of too many largér particles) up to hundreds of micrometres. It allows also the observatior] of
the disagglomeratieniand is standardised in ISO 13320[16].

6.5.3 P3rticle’size distribution and other characteristic measurement parameters

For convetsierrefareleasedparticlentmberintoaparticlevelume ormass-the-particlesize-distribution
and the particle shape, porosity and density must be known. The calculation of an effective density of
agglomerated particles is very difficult because structure parameters like fractal dimensions resulting
in porosity must be determined. One method to determine the necessary structure parameters could
be an SEM/TEM image analysis of uncoated (not sputtered) particles, which are sampled in parallel to
the aerosol measurement. Compacted apparent density can give an estimate or a proof of calculation.
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Based on the measured particle size distribution, the overall volume of the released particles V},, can be
determined from the numbers n; in the size classes i using Formula (5) for summation up to the upper
nano-particle size limit :

j j
3
Vo= Cshape 'Zni 'Vparticle,i = Cshape 'Zni "X (5)
0 0
where
Va is the overall volume of released particles;
Cshape is the particle shape factor;

Vparticle,i is the volume of particles in each size increment;

Xj is the diameter of the particle in each size increment.

The mass of the released particles M, due to the handling of the powder bulk can be calculated using

Fo
m4

wh

So

b)

Fu

'mula (6) estimating the density of the particles estimated from the(particle porosity € andl the solid
terial density:

M,=¢€-pg-V, (6)
ere

ps isthe solid material density of the particles;

€ isthe particle porosity, assumed to be constant as a function of size.

ne important characteristic measurement parameters to consider are:

Formula (6) results in a mass of\teleased nano-particles corresponding to the mass of the handled
powder bulk m. Although errors-exist when converting number-based measurement datafto volume
or mass from error amplification resulting from cubing the particle diameter in Formula (5), this
is a small factor compared to the magnitudes of particle mass loss 4m considered. Remaining
uncertainties shall bé_considered in comparison to the insensitivity of primarily particle mass
determining methdds, e.g. cascade impactors.

MeasurementsCether than released particle number (e.g. released surface area) might be|useful for
correlationto.some particle effects like health mechanisms.

Ither important characteristic measurement parameters to consider are:

Variations in the generated particle number concentration and particle size in short duration scale.
[Eor scanning measurement methods like DMAS, it is important that the aerosol congentration

133 ) g d +1 1N Sxziaadiann oo an

thder-study-isstable-overtheseantime{6;5-minte-3-minjand-thatthe- maximum-partiele number
concentration to be measured does not exceed 100 000 cm-3. Typically, a useable size distribution
of a sample at a concentration of approximately 10 000 cm-3 can be obtained once every three
minutes. Averaging of five to 10 scans can often be used to yield data for moderately unstable or
lower concentration samples.]

Particle size resolved concentration distribution. (In principle, size distributions may be integrated
to obtain a measurement of total concentration. However, the comparability of this measurement
to a direct measurement using a CPC and other DMAS instruments is often poor. Therefore
parallel measurement for correction of the integrated particle number of DMAS by CPC result is
recommended here.)
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6.5.4 Sdlection of the measuring method

Concentration of sub-micrometre and micrometre particles > 100 nm up to 1 pm or 2,5 um or
10 um or 30 pm (e.g. PM10 measurement may be compared to the thoracic fraction obtained from
conventional dustiness testing or workplace measurements).

Measurements other than particle number concentration, such as total particle surface area
concentration. (These may be useful for toxicologists for correlation to potential health effects of
nano-objects. Total particle surface area concentration canbe calculated from number-based particle
size distribution and the particle number concentration or can be measured also by electrostatic
methods directly. In both cases, particle shape or morphology shall be taken into account via an
appropriate correction factor.)

Background concentration. (It shall be minimized to improve the detection sensitivity of} the
engingered nano-objects and nano-structured particles generated from the test. Therefore the
test elquipment has to be carefully cleared of most residual particles before the beginning of the
measfirement by drawing particle free air through the device for a sufficient time peripd.)

The following performance parameters of aerosol measurement devices define validity and limitg of
nano-objegct release experiments: particle size range, particle concentratipnrange, operating mogde,
flow rate |and the mechanical stress on the measured particles before or\in the measurement zopne.
Mechanicgl stress can occur if the instrument has regions of high speed flow that may de-agglomergte

the partic]es.

Further cqnsiderations for the selection of the measuring method,like time resolution down to one secqnd
for non-sthtionary release processes and other performance parameters of actual aerosol measurement
devices,arjelistedin AnnexF. These considerationsmayrequiretheuse ofelectrometer-based spectrometgrs

instead oflthe differential mobility analysing system to ensure the necessary time resolution.

Annex F distinguishes in two tables between numbertbased nano-object aerosol measurement deviges

and other|aerosol measurement devices that complement performance.

6.5.5 Re¢peatability and uncertainties

Repeatability of aerosol measurements shall be demonstrated first by measuring testaerosols, introduged

to the treptment zone. Such test aerosols could be generated for instance by spraying and drying
solutions ¢f different salt types, follewed by classification with a DEMC. Operation of aerosol measurem
equipmenf in field measurements by trained personnel typically has uncertainties in the nanoscalg
about 5 %|in particle size meastirement and about 20 % in particle number concentration measureme

Repeatability can be reported as the coefficient of variation in the size classes. The number of repetitig
shall be algoreported.Because of the variability in measurements at the smaller size scales, uncertaint
should be reported-for particles in the following size < 10 nm; 10 nm to 25 nm; 25 nm to 50 1
50 nm to 5 nm;.and 75 nm to 100 nm, 100 nm to 300 nm, 300 nm to 1 000 nm. Comparable log sc

of
bnt

of
ht.

ns
ies
m;
hle

binning wjith fivfe<classes from 10 nm to 100 nm can also be used. Especially high diffusion losses requiire

specific sgmpling and measurement device design in the size range smaller than 10 nm.

7 Requirements for test setups and protocols

The following basic requirements for test setups and protocols shall be considered.

a) Experimental design should follow established methodology (see ISO/TR 22971).

b) Sufficient safety precautions shall be implemented for the range of expected nanomaterials.
c) Accepted methods of sample splitting, such as those given in ISO 14488, should be used.

d) Test setups should match the objective of the planned studies.
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e) Protocols as written procedures or records shall include:
1) specific characteristics desired from the test;
2) plan to determine measurement uncertainty;
3) documented data reduction.
8 Datareporting
8. For a complete quantification of the nano-object release, including the whole aeros

release situation, the following shall be reported:

a)
b)

c)
d)

e)
f)

g)

h)

j)

k)

identification of test sample, the source and composition of powder;
the powder storage method and powder and air humidity;

details of the testing method;

any unusual conditions during the tests;

raw data as an attachment;

the lower limit particle equivalent diameter of the aerosol nieasurement with regard to diffu
within the test setup and the upper limit diameter regarding sedimentation and inertial dg

the measured number concentration of nano-objects’(smaller than an equivalent diamet
to a geometric diameter or dimension = 100 nm,a§’defined in ISO/TS 27687:2008, 6.6.3.1)
the measurement time and the air volume flow rate through the treatment zone and, if ap|
dilution ratio for the calculation of the released nano-object number according to Formul

bl particle

sion losses
position;

b1 relating
as well as
propriate,
@ (1);

the measured total number concentration in the whole particle size range of the measuremlent device

(e.g. the <1 pm) for the calculation«of the released sub-micrometre particle number simil3

the measured total number cdoncentration of a parallel operated CPC for the calculat
released total particle numbér. similar to g);

the tested sample mass'in the treatment zone, to which the released nano-object numb
can be related (see 6.5:2) and, if applicable, the sample mass loss;

areference to [SOLTS 12025:2012.

The following additional data should be reported:

the size\distribution with a second method for larger particles from up to 10 pm, and

mass-based equivalent diameter distribution data if available e.g. from cascade impactorj

rto g);

jon of the

er from g)

hdditional

b

it/ applicable, the calculated volume and mass of the released nano-objects acc

prding to

Formulae (5) and (6);

all assumptions regarding material properties, such as the particle density, shape or
index used to calculate one diameter from another in g) or to calculate the volume or mas
diameter in 1);

refractive
s from the

for occupational, health and safety studies: the respirable, thoracic and inhalable mass fractions

according to EN 481; for environmental studies: PM2.5 or PM10 as defined in 3.2.6 or 3.2

7;

from this list, the minimum data to report are g), h), i) and j) based on three repetitive tests for a

defined size range.
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Annex A
(informative)

Considerations for the selection of the treatment procedure

A.1 Gemerat

The generption of aerosols by industrial activities can be the result of a wide range of different prfocesg
and no single experimental method can simulate all of these. Depending on the purpose of the test

being car

[ied out, it is necessary to select a generation method that best simulates the process be

investigated.

The suita
Higman a
broad ran|

bility of a given dustiness test method to simulate actual activities hds’been proposed
b quoted in Petavratzi et al.[17] and is shown in Table A.1. Furthermore Gill et al.[18] describ
ge of test methods.

Table A.1 — Suitability of a given test method to simulate actual activities[17]

ng
ng

by
e a

Continuous drop Rotating drum Fluidized beda
Dustinessfranking G G G
Effectivengss of dedusting R G G
Effects of ittrition U R R
Dust generation in:
Screeninlg — classification R R G
Mixing, granulation, coating U G R
Pneumatlic drying, conveying U G G
Loadingtunloading G R R
Mechanital conveying — elevating R G R
Bagging G R G
Vechicle movement G G G
Losses from stockpiles R R G

G Goodre|
U Unsatis

a  Vortex

Kults can be expected

actory results

R Reasongble results should be obtained with care

shraker method might be considered.

Nanostructured powders require additional considerations because of specific powder characteristics,
e.g. high volume specific surface area, and nano-object aerosol physics. Some resulting necessary
selection and evaluation criteria of aerosol generation methods are:

— adjustable volumetric flow of the air;

— adjustable particle concentration by adjusting the amount of sample introduced into the test;

— adjustable disagglomeration energy input by adjusting e.g. aerosol acceleration in a nozzle;

— indep

endency of energy input adjustment from volumetric flow and particle concentration;

— repeated powder agitation and flow versus singular conversion of powder portions to an aerosol;

16
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— magnitude of tribo-electric charging.

[f the complete sample is aerosolized and fed to the dissaglomeration zone, then the nano-object number
release can be directly related to sample mass. Such methods are currently under development[191{20].

A.2 Application of methods

Nano-object work place exposure evaluation protocols and a data summary are summarized in Reference
[12]. Nearly all powder studies summarized in Reference [22] suffer from incomplete determination
of the energy input during sample treatment(231[24][25][26][27][28][29]. Some powder drop tests were
affected by the material properties, e.g. flowability, themselves. Furthermore repeated freatment
of powders in rotating drum or fluidized bed can generate secondary agglomerates. In thif case the
number of released particles rapidly decreases during the test[281[29], Fast measuring‘device$ may help
to pvoid this problem[23].

The single-drop and the rotating drum part of the dustiness test using 6 g of'test material [gave very
roducible results both in terms of amount and size distribution of the generated particles[2[l. A single
drop of 6 g powder released a total particle number between 10 nm and10-um of 1,3-107 frpm fumed
siljca and 20,6-107 from ultrafine titania.

© IS0 2012 - All rights reserved 17
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Annex B
(informative)

Rotating drum and continuous drop methods

EN 15051 defines this method: “The rotating drum method involves the continuous multiple dropping of
a sample ¢f the material In a slow horizontal winnowling current of air. T he dust released irom droppjng
material i conducted by the airflow to a sampling section where itis separated aerodynamically intothe
three mags health-related fractions (respirable, inhalable and thoracic fractions expressed in\mg/kg)
by a procgss of horizontal elutriation and inertial impaction in two stages of porous metalfoam.“ The
amount of sample required for a test is about 35 cm3, which should be weighed to the nearest 0,1 g.

In EN 15(051:2006, Annex D, “Reference bulk materials”, seven materials covering the expected range
of dustingss have been chosen for the equivalence test. These materials have beenCharacterized us|ng
both refettence test methods, shown in Figures B.1 and B.2 respectively. The dustiness classificatigns
obtained fising the standard reference test methods are given in EN 15051:2006, Tables D.1 and D.2.

Dimensions in millimetres

230 &0
3
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— & = / =
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Key
air floy
inlet stage (protective filter)

dust generation section (rotating drum)

dust cpltéction stage (size-selective foam stages and filter)

rollers

mass flow meter
control valve
pump

timer

O 0 NN O U1 A W N

10 driven motor

Figure B.1 — Rotating drum method, adapted from EN 15051
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As a result of the pre-normalization work by Burdett et al.[30] it was concluded that the rotating drum
method has the advantage that it can handle a very broad range of materials, including granules and
flakes, and that it simulates a broad range of workplace activities.

Dimensions in millimetres
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sample tank
metering device

drop pipe

pump for samplingthe-inhalable
sampling head férthe inhalable
backflow pipe

collectop-tank

samplinghead for the respirable

O© 0 N O U1 o W N -

pyump for sampling the respirable
10| _main flow pump

Figure B.2 — Continuous drop method, adapted from EN 15051

A dual dustiness characterization by rotation tests and single or continuous drop tests should provide
data for a much broader range of activities than each method alone[311[17],

Schneider and Jensen[23] have shown by testing manufactured nano, ultrafine and conventional
materials in their dual single drop/rotating drum approach that the dust generation rate changes with
time since start of rotation (agitation). Some materials release most dust in a brief initial burst, for some
the release rate decreases, for others it remains stable, and for yet others it increases with time since
start of rotation[171[21]. The existence of different types of time dependent rate of release of particles
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explains in part why a rotating drum and a single/continuous drop method cannot give comparable
results for all materials (as also documented in EN 15051).
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Vortex shaker method

:2012(E)

This annex describes the method that utilizes a vortex shaker[321(33] for applying energy to the sample

po
(e.
VO
po
ag

system, DMAS, an aerodynamic spectrometer, and an optical particle counter) and/or co
aerosol samplers (such as a filtration-based sampler and a cascade impactop).

Be

while it forms a steady eddy in the test tube. This causes collisiah$-between powder p3
themselves and also between power particles and the inner surface ‘of the test tube, making

pr
to

Thee advantages of this method are that it is easy, simple;and compact, is constructed from g

ite

(agproximately 1 cm3 or less) of sample powder. [n @ddition, it is advantageous that, after
sainple tested can easily be replaced with the next'sample which is in another glass test tu

stdred as it is in the glass test tube. This is especially useful for handling toxic or expensive m
1
_>
> — 3
2
[ ]
o 4
[
[ ] (X
Se

Ul s W N

[vder. In a typical setup, approximately I cm> (Or 1ess] of sample powder 1s placed 1n a glas
b. a tube having an outer diameter of 25 mm and a length of 20 cm(33]) and agitated using a
'tex shaker, with passing an air flow (e.g. Five L-min-1[33]) through the test tube (Figurg
iwder may be mixed with or without beads. Aerosol particles released continuotsly d
tation are measured by aerosol measurement instruments (such as a differential mobility|

rause of the motion of the shaker, the sample powder moves up along\the wall and then f

cess involving dropping and collision. In addition, since an air‘flow is supplied, it can be d
partially reflect the aerosolization caused by a stream of air:

s, and can continuously generate particles (severdltens of minutes or more) with a sm3

PN
5

air in

b test tube
aboratory
C.1). The
uring the
analysing
lected by

alls down
rticles by
it a mock
onsidered

eneric lab
11 amount
h test, the
be, and be
aterials.

HEPA filter

aerosol outlet to instruments
test tube

vortex shaker

Figure C.1 — Schematic of a typical setup of the vortex shaker method, adapted from Reference [33]

Other examples use a mixing impeller[31][34] instead of the shaker. One can adjust the disagglomeration
intensity, concentration and flow rate, which would be beneficial in a sense that one disperser can
simulate various disagglomeration/wear processes of different disagglomeration intensities. Such

©lI
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powder mixing devices can generate in high porosity powders like carbon black, fumed titania, alumina
or silica, large agglomerates by powder shearing like in the rotating drum.
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Annex D

(informative)

Dynamic method

ISO/TS 12025:2012(E)

t—Principte

2 Equipment

y
air in

power injector

flow méter, 53,8 1/min for first 1,5 s
timér

solenoid valves

5

/

F—‘:.

is annex is a summary of a method reported by Boundy, Leith and Polton[19]. The test hiethed is a two
p process: 1) the powder is injected with a pneumatic disperser into a chamber and“2) th¢ chamber
ampled with particle sizing equipment. The two steps are controlled with timers|and solenoid valves
control times and flow rates. The original version was developed to measurethe respirable fraction
the dust. Currently work is in progress to adapt the method to nano-object characterizatiop.

vacuum source

flow meter, 2,0 1/min
flow meter, 4,2 1/min
total aerosol mass
respirable particles
chamber, 5,7 1 glass jar

Figure D.1 — Schematic of dynamic device configured to obtain integrated respirable aerosol
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samples, adapted from Reference [19]
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The equipment in Reference [19] can be described as a representative approach. In practice, the equipment
may be modified aslongas equivalent performance can be demonstrated. Also, instrumentation to measure
airborne nano-objects may be added or substituted for existing components in the existing apparatus.

The chamber is a 5,7 | glass jar selected for transparency, relatively low electrostatic charge build-up
and cost. A flat aluminium plate is clamped on the mouth of the jar to provide a seal and support for
aerosol sampling equipment. A hole is drilled in the side of the jar to mount a powder injector.

The powder injector consists of a stainless steel tube 10 cm long, 0,44 cm inside diameter bent at a 90°
angle, an attached funnel with a removable cap and a smaller secondary tube. The funnel measures
1,0 cm in nngfh’ 14 cmin diameter fnpnring to 044 cm andis attached toone end ofthe primnry tube.
The exter|]or of the funnel holds an o-ring to allow a cap with a central 0,11 cm hole to seal the cortepts
of the funpel. A secondary tube 3 cm long and 0,19 cm outside diameter is attached to the primary tybe
at the basp of the right angle. The delivery end of the powder injector is inserted through an oiring in a
5,0 mm hgle centred on one side of the jar. Sampling devices attached to the aluminium plate!

In the exdmple in Reference [19], a respirable mass cyclone followed by a filter cassette to collpct
respirablg dust and either an open-face or a closed-face filter cassette to collect total suspended dusk is
shown. ThHere are two exhaust lines. One is used initially at a flow of 53,8 Lmin-1 fox 1,5 s and the secqnd
is used atp lower flow to sample from the glass jar. The flow is switched by a timer, 4, and two solenpid
valves, 5, aire used to control the flow.

D.3 Prqcedure

The following steps are followed:

a) The eguipment is prepared by cleaning and placing taredfilters in the filter holders.
b) Dry ppwder (5,0 = 0,1 mg) is placed in the funnel and the cap sealed.

c) The timer is activated causing the dust to be sucked into the jar for 1,5 s and then the jaf is
sampled for 4 min.

d) The filters are recovered and reweighed:

e) The percentage of respirable dustiis determined by the ratio of the respirable dust concentratjon
divid¢d by the total dust suspenided concentration.

mobility analy51s w1th elther electrlcal or condensation nuclel partlcle sensmg

About 25 fine and nanoscale materials were tested on a mass basis (in replicate). The tests resulted in a
span of about two orders of magnitude for both total and respirable mass[36l.

The advantages of the method are
a) asmall quantity of material is used, typically 5 mg;

NOTE Accepted methods of sample splitting should be used [ISO 14488].
b) the testis rapid and can be conducted in a few minutes;

c) the equipmentis compact and could be isolated for toxic materials;
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d) the method is energetic and has a complete dissemination without milling the material.
Limitations of the method are as follows:

— Nanomaterials with very wide size distributions might contain coarse particles that might clog the
dust injection system.

NOTE This situation has not occurred in many tests with coarse as well as fine dusts. However,
nanomaterials with very coarse fraction need to be screened with a 200 mesh screen in preparation for the test.

— For nano-object measurement, fast responding instruments need to be employed to characterize
the decaying concentration. An alternative is to US€ an aerosol sampler such as a 10w pressure
impactor that will integrate over the pulse.

— | It might be difficult to adjust the equipment for conditions to directly simulatelindugtrial dust
handling. The method might yield a conservative result e.g. provide a safet¥)fdctor. Therefore a
reference dust might need to be used to compare to other methods. Until now no examplefor such a
reference dust has been published.
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Annex E
(informative)

Disagglomeration principles

The generation of aerosols results in a specific dispersing stress on the particles. Examples are the
impact oi[arge agglomerates 1n a down fall pIpe or 1n a rotating drum (see Annex B). The principles

of other djspersing techniques with adjustable energy input and with a strong correlation of intensjty,

concentraftion and flow rate, are described in References [31] and [34].

Figure E.1 represents a general schematic of an ejector nozzle, which is used with several modificatigns
in a lot off dispersion units. Such nozzles will not tolerate a back pressure and it is difficult to adfl a
scalping dyclone or an impactor. However, the Venturi effect creates a source of vacuum often used to
introduce|particles. The device in Figure E.1 operates by creating shear forces bydnfroducing energy to
the procegs by air flow.

Key
1 incomfng flow particle laden air
2 incomjng flow clean air

3  disagglomerated particle flow

Figure E.1 — Schematic of dispersing nozzle
Another dpproach is to apply the energy acoustically to disagglomerate the powder[371[381[39]. The
acoustic epergy level cafi be controlled to obtain desired aerosol characteristics.

To simulate a leak-€.in a pressurized nanoparticle production or transport line, a critical orifice
can be usgd[40].
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