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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.
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Introduction

The possible release of nano-objects (nanoscale pigments and extenders) from paints, varnishes and
pigmented plastics into surrounding air or liquid is an important consideration in health and safety,
for the end user and the environment. Therefore, it is important to obtain data about the propensity of
pigmented paints and plastics to release nano-objects, thereby allowing exposure to be evaluated[10],
controlled and minimized. This property will likely depend on both the physico-chemical properties of

the n

ano-objects and the matrix containing the nano-objects.

The currently available methods to assess the propensity of pigmented paints, varnishes and plastics
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Lo their higher sensitivity, the particle number concentration and the number-weigh
Histribution are necessary for the quantification of the release of nano-gbjects since
depends on the cubed particle diameter and the mass concentrations ©f nano-objecty
der to detect them with currently commercially available instrunients. Further me
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possible by

Besidle the selection of appropriate measurement instrumentation, a quantitative asgessment of
process-induced particle release requires furthermorevdetailed information on the spmples, the
intrqduced stress and the kind of interconnection withthe instruments. Figure 1 shows for example the
single stages, which have to be considered for the quantitative characterization of airborng particulate
relegse.
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INTERNATIONAL STANDARD ISO 21683:2019(E)

Pigments and extenders — Determination of
experimentally simulated nano-object release from paints,
varnishes and pigmented plastics

1 Scope

This{document specifies a method for experimental determination of the release of nanosegle pigments
and extenders into the environment following a mechanical stress of paints, varnishes angl pigmented
plastiics.

The fnethod is used to evaluate if and how many particles of defined size and distribution ynder stress
(typé and height of applied energy) are released from surfaces and emitted into the enviromment.

The §amples are aged, weathered or otherwise conditioned to simulatethe’whole lifecycle.

2 Normative references

The following documents are referred to in the text in suchfa way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO 9276-1, Representation of results of particle size.analysis — Part 1: Graphical representation
[SO/T'S 80004-1, Nanotechnologies — Vocabulary— Part 1: Core terms
[SO/T'S 80004-2, Nanotechnologies — Vocabulary — Part 2: Nano-objects

3 Terms and definitions

For the purposes of this docurhent, the terms and definitions given in ISO/TS 80004-1, ISO/TS 80004-2
and the following apply.

ISO gnd [EC maintain tefminological databases for use in standardization at the following gddresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

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

3.1 | Géneral terms and definitions

3.1.1
aerosol
system of solid or liquid particles suspended in gas

[SOURCE: IS0 15900:20009, 2.1]

3.1.2
nanoscale
length range approximately from 1 nm to 100 nm

Note 1 to entry: Properties that are not extrapolations from a larger size are predominantly exhibited in this
length range.

[SOURCE: ISO/TS 80004-1:2015, 2.1]

© IS0 2019 - All rights reserved 1
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3.1.3

nanoparticle

nano-object (3.1.4) with all external dimensions in the nanoscale (3.1.2) where the lengths of the longest
and the shortest axes of the nano-object do not differ significantly

Note 1 to entry: If the dimensions differ significantly (typically by more than 3 times), terms such as nanofibre or
nanoplate may be preferred to the term nanoparticle.

[SOURCE: ISO/TS 80004-2:2015, 4.4]

3.14
nano-object
discrete piefe of material with one, two or three external dimensions in the nanoscale (3.1.2)

Note 1 to entry: The second and third external dimensions are orthogonal to the first dimension and to'each pther.
[SOURCE: ISO/TS 80004-1:2015, 2.5]

3.1.5
paint
pigmented ¢oating material which, when applied to a substrate, forms an epaque dried film having
protective, decorative or specific technical properties

[SOURCE: ISO 4618:2014, 2.184]

3.1.6
equivalent spherical diameter
X
diameter of fa sphere having the same physical properties as the particle in the measurement

Note 1 to entfy: Physical properties are for instance the sanie settling velocity or electrolyte solution displacing
volume or prpjection area under a microscope.

Note 2 to entfy: The physical property to which the €quivalent diameter refers shall be indicated using a suftable
subscript, foil example xs for equivalent surface drea diameter or xy for equivalent volume diameter.

[SOURCE: IS0 26824:2013, 1.6]

3.1.7
particle size distribution
PSD
cumulative [distribution ofithe fraction of material smaller (undersize) than given particle §izes,
represented by equivalent spherical diameters or other linear dimensions or distribution density of the
fraction of material in &size class, divided by the width of that class

Note 1 to entty: Particle size distributions are described in ISO 9276-1.

3.1.8
condensatiomparticlecoumnter

CPC

instrument that measures the particle number concentration of an aerosol (3.1.1)

Note 1 to entry: The sizes of particles detected is usually smaller than several hundred nanometres and larger
than a few nanometres.

Note 2 to entry: A CPC is one possible detector for use with a DEMC.
Note 3 to entry: In some cases, a condensation particle counter may be called a condensation nucleus counter (CNC).

[SOURCE: ISO 15900:2009, 2.5]
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3.19

differential electrical mobility classifier

DEMC

classifier that is able to select aerosol (3.1.1) particles according to their electrical mobility and pass
them to its exit

Note 1 to entry: A DEMC classifies aerosol particle sizes by balancing the electrical force on each particle with
its aerodynamic drag force in an electrical field. Classified particles are in a narrow range of electrical mobility
determined 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.

[SOURCE: 1SO 15900:2009, 2.7]

3.1.10

differential mobility analysing system
DMAS
systém to measure the size distribution of submicrometre aerosol (3.1.1) particles-consisting of a DEMC,
flow|metres, a particle detector, interconnecting plumbing, a computer and suitable softwglée

[SOURCE: IS0 15900:20009, 2.8]

3.2 | Specific terms and definitions

3.2.1
partjcle release from paints, varnishes and plastics
trangfer of material from paints, varnishes and plastics to a liquid or gas as a conpequence of
mechanical stress

3.2.7
partjcle number release
n
totallnumber of particles in a specified size tange, released from a test specimen as a corlsequence of
mechanical stress

3.2.3
arealspecific particle numberrelease
na
particle number release (3.2.2), divided by the stressed surface area of the test specimen

3.24
mass-specific particle number release
Nm
particle number release (3.2.2), divided by the mass of removed material

3.2.5
tota] volume flow rate
Vt
volume flow rate, which takes up all air-transported emissions at the particle source and transfers them

3.2.6

particle number concentration

ny

number of particles per volume of air

3.2.7

process concentration

particle number concentration (3.2.6), which results from the total volume flow rate (3.2.5) and the
particle number release (3.2.2) as a consequence of mechanical stress on the test specimens

© IS0 2019 - All rights reserved 3
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3.2.8

measuring concentration

particle number concentration (3.2.6), which is calibrated by defined dilution of the process concentration
(3.2.7), in order to establish optimal conditions for the aerosol analysis

3.29

model room concentration

particle number concentration (3.2.6), which results from the area-specific particle number release
(3.2.3) under optimal mixing conditions for a defined room height

Note 1 to entry: The model room concentration is independent of the selected test conditions and represents a

reference con Ccnl-vrxi-inv\ for raal v\ari-ir-]r\ nuabar concantrationc (o o v\ari-ir-lc ncllna-:nn in-tha ]r\]r\r\wr\-l'nv}y) .*.'hen

TreroreroTror——Toor TrereTrer o e CoCe et roT S5 P Trere-poTroreroTT e e oo oot o

the height of the model room has been selected carefully.

4 Symbogls and abbreviated terms

For the purposes of this document, the following symbols (see Table 1) and abbreviated termg (see

Table 2) apply.

Table 1 — Symbols

Symbol Dimension SI unit
n particle number release Without dimensjon
ny particle number concentration m-3
na area-specific particle number release m-2
N mass-specific particle number release kg-1
Ve total volume flow m3s-1

Table 2 — Abbreviated terms

Abbreviation Meaning
APS aerodynamic particle sizer
CPC condensation partiele,counter
DEMAS differential electrical mobility analysing system
DEM( differential glectrical mobility classifier
EAD electricali@erosol detector
EDX energy dispersive X-ray spectroscopy
EEPS engine exhaust particle sizer
ELPI electrical low pressure impactor
ESP electrostatic precipitator
FAPE{ fast aerosol particle emission spectrometer
FMPS fast mobility particle sizer
HEPA high efficiency particulate air filter
ICP-MS inductively coupled plasma mass spectrometry
ICP-OES inductively coupled plasma optical emission spectrometry
LAS laser aerosol spectrometer
NSAM nanoparticle surface area monitor
OPC optical particle counter
OPS optical particle sizer
PM particulate matter
PSD particle size distribution
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Table 2 (continued)

Abbreviation Meaning
SEM scanning electron microscopy
SMPS scanning mobility particle sizer
TEM transmission electron microscopy
TP thermal precipitator
WRAS wide range aerosol sampler
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f repeating

applications of energy and constant changes of the stress intensity of the test specimen under test.

Particle number release quantification requires a test apparatus for the simulation of mechanical
stress. The intensity of mechanical should be adjustable to the physico-chemical properties of the test
specimen. The test apparatus should be described carefully, and appropriate test parameter should be
identified before testing. For testing, the test parameter shall be adjusted, checked, and documented.

In order to enable quantification of particle number release, all of the particles released as consequence
of mechanical stress shall be measured as close as possible to the location of their formation.

NOTE

Mechanical stress application on test specimens can lead to thermal particle generation

lead to an overestimation of the particle number release.
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5.2.2 Stress processes — Process parameters and characteristics

The process parameters to be applied for testing and the derivable process characteristics shall be
selected in correspondence to the materials to be stressed, see Table 3.

NOTE See also Annex A.

Table 3 — Process parameters and characteristics of selected stress application processes

Process (example)

Process parameter

Process characteristics

Overflow

Total volume flow rate

Speed, flow

Wind erosio
Stress of floy

h on buildings,
v on moving

Nozzle diameter

Suction performance

vehicles — Speed, feed of test specimen

— Total volume flow rate Support pressure

— Normal force Friction fonce
Friction — Contact surface Frictienperformance
Skin contact{on coatings — Friction path

— Material combination

— Speed, feed of test specimen

— Total volume flow rate — Support pressure
— Normal force — Tangential force
Abrasion stfess — Contact surface — Cutting force ratio - Cufting

performance - Speed ratio (see
Reference [1])

Processing df materials
during manyfacturing of
products, refvorking of
damaged suffaces

— Abrasion surface
— Rotational speed/revolution

— Speed, feed of test specimen

— Abrasive paper

6 Measuring methods

6.1 Measurands
The quantification_ of'the particle release requires the analysis of three higher-ranking measureménts:

— particlelcoficentration;

— particle size;
— particle material.

The particle size as well as the concentration can be determined for aerosols in different quantity types
(e.g.: particle number concentration, aerosol length concentration, mass concentration). The number
represents the most sensitive quantity type in regard to air-transported nanoparticles and shall be
consulted preferably for aerosol characterization (particle number concentration, number-weighted
particle size distribution) because of the availability of commercially available measuring devices.

NOTE See Annex B.

At present, only a quantification of all particle emissions is possible by means of aerosol measuring
methods. A material-selective quantification of the release of pigment or extender nanoparticles

6 © IS0 2019 - All rights reserved
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embedded in the paint or pigmented plastics is only possible limitedly by separate direct (e.g. EDX, ICP-
MS, ICP-OES) and indirect measuring methods (e.g. morphological analysis via SEM, TEM).

For the reproducibility and transferability of the analysis results or for the process characterization
further suitable measurements shall be obtained depending on the objective:

— mass abrasion during material-removing stress application;
— ambient conditions (temperature, humidity);

— aerosol charge state.

6.2 | Aerosol measuring methods

For the characterization of aerosols numerous measuring methods are commercially available. In
accordance with References [2], [7] and [9], aerosol measuring and collecting methods can|be assigned
to the following four categories:

— gize resolved and time resolved measuring methods (e.g. FMPS, EEPS;-EAPES, ELPI, OP$);
— gize resolved and time integrated measuring methods (e.g. cascade.impactor, WRAS);
— gize integrated and time resolved measuring methods (e.g. CRC);

— gize integrated and time integrated measuring methods (€.g. ESP, TP, filter).

The gelection of the methods to be used for measuring aeresols depends on the type of expofure and the
resulting aerosol, i.e. on the particle size distribution.attd the run of the particle number copcentration.
For pgrocesses with short-term aerosol generation (<60 s) or with heavy changes of the particle number
concentration high-resolution measuring methods; (<1 s) in regard to time shall be used (e.g. CPC, FMPS,
EEPSY, FAPES). Due to the functional principle of the presently available aerosol measuring methods of
category a) for the nanometre range respeective minimum measuring concentrations (>10(0 cm-3) shall
be given in order to detect usable signals.

Scanhing mobility particle sizers (SMRS, DEMAS: DEMC+CPC) have the highest sensitivity and precision
for the characterization of aerosols in the range of sizes of about 5 nm to 1 000 nm, hoyever, when
discqntinuities in the particlegumber concentration occur they lead to errors in the particle size
distrfibution (e.g. concentration increase during the measuring cycle in the SMPS at cgntinuous or
gradpal increase of the scanning voltage leads to a rougher PSD than actually exists).

For high particle number concentrations, technical measures for the defined reduction can be taken
while concentrating is more difficult in order to reach an optimal measuring concentration. According
to their physicalfunctional principles, aerosol measuring methods can only cover a limited jparticle size
range, which{équires a combination of several measuring methods for a quantitative charfacterization
of the process aerosol. In this case, however, the operation conditions specified by the manufacturer
shalllbe6bserved.

Numerous methodsfor mreasuring aerosots are intended for aerosotamatyses umder atmospheric
pressure, only slight changes of the pressure level (high or low pressure) can strongly bias the
measuring results.

The majority of commercially available methods for measuring aerosols has a separator for large
particles (e.g. aero-cyclone, impactor) on the aerosol feed, which primarily changes the aerosol
composition at the margins of the measuring range during aerosol measurements due to a non-ideal
separating function.

Depending on the measuring principle respective equivalent particle diameters result, or different
types of quantities, that shall be responded to during interpretation of the measuring data.

For optical aerosol measuring methods, the lower and upper range limit are defined as 50 % counting
probability. The upper range limit, physically conditioned, results from sedimentation of large particles

© IS0 2019 - All rights reserved 7
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in the line system, while the lower range limit, technically conditioned, depends on the signal yet to
be detected. Due to the decrease of the counting efficiency with decreasing particle size a decrease
of the PSD can occur (see APS curve in Figure 2), which often leads to incorrect interpretation of the
measuring results. Consequently, for the selection of methods for measuring aerosols, the size range
should overlap over several size classes.

Y
0,001 0,01 0,1 1 10 100 X2
2,5E+03 T T IIIIIII T T IIIIIII T T IIIIIII T T IIIIIII T T T T TTTT

2,05+83
1,5§+03
1,0§+03

5,08+02
2
O’OE_'_OO 1 Lol L Ll 1 1 llm\—\lLllllll L L1111l

0,001 0,01 0,1 1 10 100 X1

Key
X1 electrical mobility diameter, in micrometres

X2 aerodynamic particle diameter, in micrometres

Y  qo* = dcf/dlogx, in reciprocal cubic centimetres [cm~3]
1  engine exhaust particle sizer (EEPS)

2 aerodyngmic particle sizer (APS)

Figure 2 —|Transformed particle size-distribution density of the particle number concentrgtion
of an aerosol generated-by.an abrasion process, analysed with EEPS and APS

6.3 Test preparation

6.3.1 Genleral

the aerosol [definéd optimization of the aerosol properties to metrological conditions), and the aefosol
analysis (coppling with selected measuring technology) shall be combined with each other in order to
enable quantitative emission characterization.

For the test preparation, the individual basic operations (i.e. the aerosol generation), the conditionfg of

6.3.2 Aerosol background

As far as possible, particle release tests should be carried out in a particle-free background atmosphere
in order to exclude foreign-particle contaminations and to increase sensitivity for low quantities of
released particles. Before and after the test procedure the particle background concentration shall be
measured.

6.3.3 Aerosol sampling line

Depending on the present aerosol charge state and duration of stress application a suitable material
should be used. Principally, the use of electrically conductive lines is recommended. In the case of a

8 © IS0 2019 - All rights reserved
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bipolar aerosol charge state, electrically conductive lines lead to a minimization of particle losses. In the
case of a unipolar aerosol charge state, electrically non-conductive lines are suitable in order to reduce
particle loss, however, the inner surface of the line system has to charge first - which causes problems
when the duration of the stress application is short. Consequently, for short-term stress application an
electrically conductive line system should be used as well.

Material, length and inner diameter of the transport line shall be documented and reported.

Diffusion, gravity, and inertia cause particle losses in line systems, which should be kept as short as
possible for this reason. Since measuring devices operate at different volume flow rates, particle losses
can be different despite of equal line length.

chan|

6.3.4

Particle number concentrations in line systems should be lower than 1 000 000 cm~3 inCoy
es of the particle number concentration and the particle size distribution due ta-coag

Aerosol conditioning

In order to avoid systematic errors, the aerosols generated by the réspective proce
condiitioned in regard to their aerosol charge state and the concentration level to counteract
or particle losses. This also includes the use of suitable connecting elements between tes
and measuring devices (e.g. electrically conductive tube or pipe system):

— Jerosol charge state;

— neutralization (bipolar charge reversal);

— Treduction of concentration (not size-selective).

7 Procedure

For ¢qarrying out tests of nano-object reledse from nanoscale pigments and extenders, t}
pre-flest steps are recommendable:

a) festing of the measuring methods;

iy

by means of a particle-free test aerosol using an absolute filter (HEPA, hig
particulate air filter] for the determination of the error count rate,

by means of artificially generated test aerosols for the characterization and verifi
counting effiCiency of the applied measuring methods;

b) {esting of thétest arrangement,

iy

when‘eperating all of the components integrated in the test arrangement (measut
stress modules, auxiliary components) without contact of stress application elem
specimen (reference measurement), in order to identify possible secondary sources

der to avoid
ulation.

ss shall be
coagulation
t apparatus

e following

h efficiency

tation of the

ing devices,

ent and test
of emission

(n g ventilator of the mnacnring r]nvir‘n' etc )’

2)

by supplying a test aerosol (e.g. 100 nm) for the characterization of particle
verification of detection capability.

The release analysis should be carried out in accordance with the following procedure:

losses and

1) cleaning of all of the components of the test arrangement (sampling unit, line system, separator for
large particles), in order to avoid contaminations;

2) carrying out secondary tests on the test specimen to be analysed immediately prior to stress
application (e.g.: gravimetric analysis for material-removing processes);

3) affixing the test specimen to be tested in the test apparatus;
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4)

5)
i)
and

ii)
and

6)

:2019(E)

01 cm-3);

procedure of stress application and measuring

size with defined time interval prior to and after the actual stress application;

size after necessary running-in period during a stress-induced concentration plateau;

removal of the test specimens;

air-flushing the test arrangement with particle-free air to adequate background concentration
(e.g.<0,

for short-term stress application processes metrological assessment of particle concentration

for reproducible long-term stress application metrological assessment of particle concentration

7) carryin

removing processes).

8 Calcul

As a result
distribution|
number). In
generated. T
Depending ¢
background|
the expressi
are indicate
is sometime
to establish
nano-object]

For the cha
obtained byj
concentrati
t; -tz can b
accordance

The measul
as discrete
as the chroi
sets can oft

Formula (2)

b out secondary tests on the stressed test specimen (gravimetric analysis for mat

ation

of the analyses, raw data occur in the form of particle concentrations and particle
s. Primarily, it shall be observed that raw data are available in the Same quantity type
consequence of the stress application a process aerosol with-a process concentrati
his process concentration depends on the process itself but@lso on the analysis condit
n the volumetric flow rate during sampling and existingbackground aerosol (particlg
or natural aerosol background) a more or less considerable dilution results. Consequs

brial-

size
(e.g.
on is
ions.
-free
ently,

on of the mere concentration values is only meaningful if the specified analysis condi
d and the generated aerosol is available in a time-constant manner. Disregarding t}
s necessary to reduce the generated particle edncentration by technical means in
optimal measuring concentrations for the analysis of aerosols. For a quantification g
release, all concentration-changing measurgs shall be included in the evaluation.

racterization of the nano-object release, size-specific numbers of released particle
combining particle size distributionsTin accordance with ISO 9276-1 and particle nu
nsl31[5]. The particle number nyzof'a defined size fraction x; - xjreleased in a time int
e calculated with regard to the total volume flow rate V; and the used dilution ratio

with Formula (1):

taXj
¢ [ao(&.7)cn i @) dede
1 X;
'ed particle number concentrations of the individual size classes cy(§1) are avai
data sets. Sinice the particle number concentrations in the individual size classes as
nology ate)already mean values, additional steps for the numeric integration of the
bn beneglected. Consequently, for obtaining the size-specific particle number releas

kions

is, it
rder
f the

5 are
mber
brval

@ in

(M

lable
well
data
£ Nyt

ny .~V

where

b d
PAEY D O

i=a\ k=c

At is the time span between two succeeding measurements;

k

i

is the running index of the size class;

is the running index of the elapsed time.

(2)

In order to be able to carry out a cross-process comparison of the particle release, the obtained size-
specific particle numbers ny, shall be referred to the respective stressed areal4l.[5]. The size-specific

10
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and area-specific particle release number ny 4 is defined as the quotient of the size-specific particle
number ny and the actual stressed area Ag, see Formula (3):

" 3)

Ny a=
y AS

NOTE 1 Beside the area, the abrasive mass is also suitable as reference characteristic value for material-
removing stress application scenarios.

For the transferability of the results to real scenarios the obtained measuring data shall be transferred
into a model room concentration or model concentration. The model concentration can be obtained

+1 . L 1 =L ] 1 1 : 1 il o .
fI‘OIIl LT SIZC=5PCLITIC dlIU dI'TA=SPCCITIC PATLILIT TTITASC ITUIITDCT TIT dCLUTUAIICT WILIT TOT ITTU d |4‘ .

d Ny A Ny, A _Ny.a
A_h  h

= @

m m

wherte

Am is the base area;
Vi is the volume of the model room.

The Volume of the model room is defined as the product of thie base area Ay, and height ¢f the model
roon} hpy, so that the base area is cancelled and the model foom concentration only depends on the
height of the room or on the situational operating distance:

NOTH 2  For the model room concentration an ideal aeration under neglect of particle losses and ¢oagulation is
presymed.

9 Testreport

The test report shall contain at least thefollowing information:

a) areference to this document,i.e.I1SO 21683:2019;

b) testspecimens, including

1) identification of test'specimens,

2) condition of test specimens (pigmentation, pre-treatment of test specimens),
3) date of thé preparation of the test specimens,

4) timeunterval between preparation of the test specimen and measurement;

c) ¢tréss application, including

1) type of stress,
2) characteristic process parameters;
d) testarrangement configuration, including
1) measuring and conditioning equipment (identification, manufacturer),
2) flow chart of the test arrangement including operating parameters,
3) figure of the experimental set up of the test preparation;
e) results, including

1) particle size distributions in accordance with ISO 9276-1,
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2) area specific particle release numbers in selected size categories (e.g. x < 100 nm,
100nm <x <1000 nm,x>1 000 nm),

3) information on morphology and species of particles,
4) image of the surface of the tested material after the treatment;
f) any unusual features (anomalies) observed during the test;

g) the date of the test.
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Annex A
(informative)

Examples of parameter specification of stress application methods

In the example shown in Figure A.1, the test specimens are supplied beneath a vertically movable
sanding tool and where aerosol sampling is realized by a containment of the abrasion zone.

The

—_——— = =
—m—

ST
O

i’

(j\[

////

\Y
!

H S

{

|

=

Figure A.1 — Example of a test apparatusfor the simulation of mechanical stresg
sanding[4]

examples on the variability of process parameters shown in Table A.1 are based

apparatus described and used in Referénces [4] and [5] for particle number release quantif

pain{

s, varnishes and plastics for the simulation of different stress situations.

due to

on the test
ication from
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Table A.1 — Examples on the variability of process parameters

Process parameter Unit

Operating range

Schematic diagram

Volume flow rate (nozzle) |l'‘min-1

1-20

_
o

abrasive wheel

a thickness of the degenerated coating
s thickness of the degenerated coating
ds diameter of the abrasive wheel

u rotational speed

Ft normal force

Fp tangential force

Inner nozzle diameter mm 1-5
Sample feed rate mm-s-1 0,05-5,0
Air flow velocity m-s-1 1,5-100,0
Overflow g o5sed area cm? 1-5
Normal force N 5-15
Volume flow rate I'min-1 1-20
Contact area cm?2 0,8-1,5
2y_namic Sample feed rate mm-s-1 0,05-5,0
riction
Contact pressure kPa 30-170
Force of dynamic friction [N 5-11
Normal force N 0,5-10,0
Volume flow rate I'min-1 10-30
Sample feed rate mm-s-1 0,05 - 5,00
Rotational frequency min-1 50-27000 or
Abrasion 5000 - 33 000
process
Abrasive paper - P60 - P2000
Rotational speed m-s-t 0,02 - 24,0
Tangential force N 0,7-14,0
Stressed area cm? 1-15
Key
1 coating
2 substrate
3 direction|of motion
4 degenerated coating'
5 suction npzzle
6 aerosol
7 normal force
8 friction piston
9 friction element

14
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