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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
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Introduction

ISO 29463 (all parts) is derived from EN 1822 (all parts) with extensive changes to meet the requests from
non-EU p-members. It contains requirements, fundamental principles of testing and the marking for high-
efficiency particulate air filters with efficiencies from 95 % to 99,999 995 % that can be used for classifying

filters in general or for specific use by agreement between users and suppliers.

1ISO|29463 (all parts) establishes a procedure for the determination of the efficiency of all filters.on
a particle counting method using a liquid (or alternatively a solid) test aerosol, and allows)a s
classification of these filters in terms of their efficiency, both local and overall efficiency, which act
mogt requirements of different applications. The difference between 1ISO 29463 (all parts) and ot
starjdards lies in the technique used for the determination of the overall efficiency. Instes
relafionships or total concentrations, this technique is based on particle counting* at the most
partjcle size (MPPS), which, for micro-glass filter mediums, is usually in the range-of 0,12 um to 0,
method also allows testing ultra-low penetration air filters, which was not_possible with the p
methods because of their inadequate sensitivity. For membrane filter media, separate rules apy
desgribed in 1SO 29463-5:2011, Annex B. Although no equivalent test procedures for testing
chafged media is prescribed, a method for dealing with these types ©f filters is described in ISO 29
Annex C. Specific requirements for test method, frequency, and<reporting requirements can be
ement between supplier and customer. For lower efficiency filters (group H, as descril
nate leak test methods noted in ISO 29463-4:2011, Annex-A, can be used by specific agreem
's and suppliers, but only if the use of these other metheds is clearly designated in the filter
cribed in ISO 29463-4:2011, Annex A.

re are differences between ISO 29463 (all.parts) and other normative practices common
ntries. For example, many of these rely on total aerosol concentrations rather than individual p,
'mation, a brief summary of these v fethods and their reference standards are
29463-5:2011, Annex A.
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INTERNATIONAL STANDARD ISO 29463-2:2011(E)

High-efficiency filters and filter media for removing particles in
air —

Part 2:
Aerosol production, measuring equipment and particle-
cqunting statistics

1 [Scope

Thig part of 1SO 29463 specifies the aerosol production and measuring-equipment used for testing high-
effigiency filters and filter media in accordance with 1ISO 29463-3, ISO_29463-4 and ISO 29463-5| as well as
the [statistical basis for particle counting with a small number of counted events. It is intended to be used in
conjunction with 1ISO 29463-1, ISO 29463-3, ISO 29463-4 and 1SQ@29463-5.

2 |Normative references

The]| following referenced documents are indispensable for the application of this document| For dated
references, only the edition cited applies. For..undated references, the latest edition of the|referenced
docpment (including any amendments) applies.

ISO[29463-1, High-efficiency filters and (ilter media for removing particles in air— Part 1: Classification,
performance, testing and marking

1ISO[29463-3, High-efficiency filters and filter media for removing particles in air — Part 3: Testirlg flat sheet
filtef media

1ISO[29463-4:2011, High-éfficiency filters and filter media for removing particles in air — Part 4: Test method
for getermining the leakage of filter element — Scan method

1ISO[29463-5:2010)-High-efficiency filters and filter media for removing particles in air— Part 5: Test method
for filter elements

1S0[29464 Y, Cleaning equipment for air and other gases — Terminology

1) To be published.

© 1SO 2011 — All rights reserved 1
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in 1SO 29463-1, ISO 29464, and the
following apply.

3.1

counting efficiency
expression of that proportion of the particles of detectable size suspended in the volume flow under analysis
that make their way through the measured volume and are counted by the particle counter

EXAMPLE

The ratio of the concentration measured to actual aerosol concentration.

NOTE L
detection lim

he counting efficiency depends on the particle size, and decreases progressively in the proximity of the |
t of the particle counter.

4 Aerosol production

When testir
with ISO 24
1ISO 29463-

The testing
production
of the filter.

g a filter, a test aerosol with liquid particles shall be used as reference test:method in accordz
D463-1. Alternatively, a solid PSL aerosol may be used for local efficiency (leak) testing
1:2011, Annex E).

of high-performance filters (ISO 65 U and higher) requires methods(of aerosol production with
rates (1010 s=1 to 101 s=1), in order to provide statistically significant measurements downstr.

By adjusting the operating parameters of the aerosol generator, it shall be possible to adjust the mean par

diameter of
aerosol pro

4.1

A suitable g
the ambier
evaporation

411 Pog

DEHS,

PAO,

paraffin

41.2 The
significantly

the aerosol so that it is equal to the MPPS. The concentration and the size distribution of
Huced shall remain constant throughout the test.

Aerosol substances

erosol substance for the reference testimethod is a liquid with a vapour pressure that is so lo
t temperature that the size of thé.droplets produced does not change significantly dug
over the time scale relevant for the_test procedure (in the order of a few seconds).

sible substances include, but'are not limited to,

oil (low visegsity).

most €ritical properties of a possible aerosol substance are the following, which should not d
from the values given for the three substances suggested in Table 1:

bwer

nce

see

high
bam

ticle
the

v at
b to

iffer

vapour

index of refraction;

pressure,;

density.

Standard laboratory safety regulations shall be observed when handling these substances. It shall be ensured
by means of suitable exhaust systems and air-tight aerosol ducting systems that the test aerosols are not
inhaled. In case of doubt, the safety data sheets for the appropriate substances shall be consulted.

© 1S0O 2011 — All rights reserved
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Table 1 — Important data for aerosol substances at 20 °C

Trivial name

DEHS

PAO?

Paraffin oil (low visc.)

Chemical designation

Sebacic
acid-bis(2-ethylhexyl) ester
(e.g. CAS No. 122-62-3)

Poly-alpha-olefin
(e.g. CASP No. 68649-12-7)

Mixture
(e.g. CAS # 64742-46-7)

Dypnamic viscosity, kg/m-s

0,022 to 0,024

Trivial name Diethylhexylsebacate Polyalphaolefin Paraffin oil
Density, kg/m3 912 800 to 820 (820°) 843
Melting point, K 225 ~280 259
Boiling point, K 529 650 to 780 (674°) 506
Flash point, K >473 445 to 500 453
Vapour ey at293K | 19<01KkPaat423K 0,1t00,13 <0,1
0,003 1 to 0,003 4 at 373 K 0,024

0,014 at 313 K¢

0,002 5 to 0,003 8 at 313 K

Kinematic viscosity, mm?/s

3,8t04,2at373.K

3,0t04,5a1 313K

Index of
refraction/wavelength, nm

1,450/650
1,452/600
1,4535/550
1,4545/500
1,4585/450
1,475/400

(1,455 6°)

(1,466¢

~

Chemical Society.

Data for “Emery 3004” as a specific example of a PAO.

US Patents 5,059,349, 5,059,352, and 5,076,965 describe and restrict the use of PAO for filter testing.
Material properties of PAO are as given in Japan JACA Standard No. 37-2001 and ISO 14644-3.

CAS #, Chemical Abstract Service Registry Number, substances have been registered in Chemical Abstract, issued

Source: Crosby, David W., Concentration produced by a Laskin nozzle generator, a comparison of substitute materjals and DOP,
21st DOE/NRC Nuclear Air Cleaning Conference.

by American

4.2

Producing moeno-disperse aerosols

4.2,

Condensation methods are preferred for the creation of mono-disperse aerosols, i.e. the particles

by

homogeneous condensation.

4211

I Condensation methods

condensation from the vapour phase. It is necessary to distinguish between heteroge

are formed
neous and

Heterogeneous condensation

In the case of heterogeneous condensation, the vapour condenses at a relatively low level of super-saturation
onto very small particles that are already present, the so-called condensation nuclei. The size distribution of

the

resultant aerosol has a geometrical standard deviation between oy = 1,05 and oy = 1,15.

One type of aerosol generator that operates using the principle of heterogeneous condensation and that is
suitable for testing filters in accordance with this part of ISO 29463 is the Rapaport-Weinstock generator (see
Figure 1).

© 1SO 2011 — All rights reserved
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42111 Rapaport-Weinstock generator
NOTE See Figure 1.
An aerosol substance is nebulized through a nozzle, either as a pure substance or in solution, and the

resultant poly-disperse aerosol is then vaporized along the heated section of a glass tube. Residual nuclei of
the impurities in the material remain.

L /2
"
3 4
e / \
1 - \
e pa—

Key

1 liquid regervoir

2 nebulizef

3 vaporizalion section
4 thermosfat

5 condensption section

Q

Compregsed.air.
b Aerosol.

Figure 1 — Structure of the Rapaport and Weinstock aerosol generator

In the subsequent condensation section, the aerosol substance then condenses on these nuclei to form a
mono-disperse aerosol (see also Reference [1]).

The particle diameter of this aerosol is determined by the mixing ratio of aerosol substance and solvent. The
final aerosol contains the solvent used (e.g. propanol) as a vapour.

Generators of this type achieve particle production rates of 10° s=1; the particle diameter can be adjusted
between approximately 0,1 ym and 1,5 pm.

4 © 1S0O 2011 — All rights reserved
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421.2 Homogeneous condensation

At higher levels of super-saturation, clusters of vapour molecules form spontaneously without the presence of
condensation nuclei, and these then grow to particles that are some nanometres in diameter (homogeneous
condensation). Larger particles then form as a result of coagulation of these particles with one another. The
resultant size distribution has a standard deviation of og~ 1,5 independent of the median particle size, and
can thus only be referred to as quasi-mono-disperse. On the other hand, rates of production of particles
achieved can be as much as two orders of magnitude larger than those possible using heterogeneous
condensation (more than 1011 s-1).

Figl re 2 shows the striicture of a frpp-jpf condensation aerosol generator that makes use of this principle.
i
b
AL,
10—,
9 6
N 7 L —
C_ M a9 g8y
S U nn - W n_________]
/'
5
Key
1 PEHS tank
2  pump
3 flow controlier
4 ultra-sonicnebulizer
5 thermostat
6 |aporization pipe with heater and insulation
7 sheath air
8 nozzle
9 sintered metal plate
10 coagulation section
@  Nitrogen.
b Aerosol.

Figure 2 — Set-up of a free-jet condensation aerosol generator

© 1SO 2011 — All rights reserved 5
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A pump delivers aerosol substance to an ultrasonic nebulizer at a defined rate. The relatively large (> 20 ym)
droplets that are produced are then vaporized in a heated pipe. The concentration of residual nuclei is so low
that they do not influence the subsequent homogeneous condensation process. The hot stream of nitrogen
carrying the vapour then passes through a nozzle into a cold, laminar flow of sheath air. The turbulent mixing
of the free jet with the cold air produces the super-saturation necessary for the homogeneous condensation.

The particle size and particle concentration can be adjusted by varying the volume flow rates of the aerosol

substance (

DEHS), nitrogen and envelope air.

4.2.2 Particle size classification

Using a diﬂierential mobility analyser as described in 5.3, it is possible to separate a fraction with almos{ the

same elect
carry only g

particles that carry a multiple charge, and that thus have the same electrical mobility as the single-cha

particles, sh

Since the p
narrow sizg

than the input concentration by a factor of at least 100. As a consequence, this_method of producing m

disperse a¢
ISO 29463+

The degree
of og < 11

concentratipn at the expense of a greater standard deviation.

4.3 Geng¢rating poly-disperse aerosols

Poly-disper
nozzle usin

A subsequs
particles an
generated |
the operatir
the aerosol
behind part

It is compar

The maxim

NOTE A

single electrical charge, then this mono-mobile fraction is also mono-disperse. If necessary, |
all be removed from the poly-disperse input aerosol by suitable means.

roportion of singly charged particles in the relevant size range is less than 10,%, from which or
band is selected, then the number concentration of the mono-disperse~output aerosol is Iq

rosols is suitable only for the measurement of the particle size efficiency of the filter medium
B).

of mono-dispersity achieved by this method can be describ€d by a geometrical standard devig
In practise, however, the operating parameters are often amended to increase the par

5e liquid aerosols are usually produced by~hebulizing the aerosol substance through a bi
) compressed air.

nt inertial separator, in the form of-baffle plates or a cyclone separator, serves to precipitate Ia
d to reduce the range of the size.distribution. The geometrical standard deviation of the distribu
es between 1,6 and 2,5. The particle diameter can be influenced to a small degree by chan
g pressure of the nozzle. Greater influence on the particle size is usually achieved by dissol
in a volatile solvent (e.g._propanol) before nebulization. When the solvent evaporates, it leg
cles whose size is governed by the ratio of aerosol substance to solvent that was used.

atively simple to-.inCrease the particle production rate by using a number of jets in parallel.

im rate of particle production that can be achieved using one nozzle is 5 x 1010 s,

typical jet nebulizer is described, for example, in Reference [3].

ical mobility from a poly-disperse aerosol (see also Reference [2]). Provided all these~particles

ger
ged

ly a
wer
bno-
see

tion
ticle

hary

rger
tion
jing
ving
ves

Where high

eraerosol outputs are desired (1ISO 29463-5), a Laskin Nozzle aerosol generator is recommended.

4.31

Laskin Nozzle poly-disperse aerosol generator

The Laskin Nozzle aerosol generator system uses a nozzle to generate a poly-disperse aerosol from a liquid,
such as DOP, DEHS or PAO and employs a source of compressed gas (see also Reference [4]). The
generator creates an aerosol having a mass mean diameter of approximately 0,45 um, a light-scattering
geometric diameter of approximately 0,72 um, and a light-scattering mean droplet-size distribution as shown
in Figure 3 (see also Reference [4]).

© 1S0O 2011 — All rights reserved
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rass tubing 9 5 mm (3/8 in) OD x 1 7 mm (0 065 in) wall

a b WN =

(o2 )

o

© 1SO 2011 — All rights reserved

brass collar, 15,9 mm (5/8 in ) OD, silver brazed to tubing 1

radial holes, 1 mm (0,04 in) diameter, 1,6 rad (90°) apart; top edge of holes just touching bottom of collar (4 required)
brass plug — Silver braze in place (full penetration)

2 mm (0,08 in) diameter longitudinal holes next to tube in line with radial holes (4 required)

Approximately 12,7 mm (1/2 in) above bottom of can.
Length variable to suit installation.

Tolerances are +0,05 mm for the dimensions on the holes.
Tolerances are £0,51 mm for all other dimensions.

Figure 3 — Details of a Laskin Nozzle*]
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4.3.2 Laskin Generator — Verification of pressure-flow characteristics

Detailed procedures are found in IEST RP CC013. An additional gravimetric sampling method is also included
to determine the actual challenge in micrograms per litre generated by each Laskin nozzle.

4.4 Neutralization of aerosols

Since electrically charged particles are removed more effectively by filters than are uncharged particles,
electrically neutral particles should be used for testing filters. A neutral state of charge is generally understood
to be the stationary equilibrium achieved when charged aerosol particles are brought together with a sufficient
number of pasitive and negative gas ions. This is usually carried out by ionizing the carrier gas of the aerosol
using a rad|oactive source or by a corona discharge. The low level of residual charge in the aerosol after|this
neutralization can be neglected for the filtration process.

Aerosol particles become electrically charged when there is a division of charges in the course’ of ‘produgtion
(e.g. nebulization). This occurs, above all, in the case when polar liquids such as water (or, 10 ‘a lesser exfent,
propanol) dre nebulized. In the case of pure DEHS or DOP, relatively few charges oé¢cur. Condensgtion
processes |without prior nebulization generate virtually charge-free aerosols, which,*"do not have td be
neutralized,

In order to g¢nsure neutralization of the highly concentrated aerosols required far testing filters, it is necespary
for the neufralizers to have a sufficiently high concentration of ions. The aerosol shall also be kept in[ the
ionizing atmosphere for a sufficiently long period (see also Reference [5]).

4.5 Minilmum performance parameters for aerosol generators
The following apply:
a) generators for testing media:

1) particle production rate: 106 s=1to 108 s~1,

2) particle diameter adjustable over the range: 0,04 ym to 1,0 um;
a) generafors for testing filter elements:

1) particle production rate: 108.s<to 1011 s-1,

2) particle diameter adjustable over the range: 0,08 um to 1,0 ym.

4.6 Sources of error

Care shall be taken that the pressure of the gas supply for the aerosol generators (compressed air, nitrogen)
remains comstant. Fhe’supplied gas shall be free of particles and of a sufficiently low humidity.

Nebulizer nezzles can gradually become blocked, leading to unnoticed changes in the nebulizgtion
characteristtes:

Condensation generators are sensitive to variations in temperature along the condensation path arising, for
example, due to draughts. Further aerosol substances that are subjected to higher temperatures for long
periods can undergo changes in their physical and chemical properties and, hence, should be replaced at
regular intervals.

4.7 Maintenance and inspection
Aerosol generators shall be maintained regularly in accordance with the manufacturer's instructions.

Suitable measuring systems in accordance with Clause 5 shall be used to check the size distribution and the
constancy of the production rate at the intervals specified in Clause 6.

8 © 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=244df33db56bd44c9bfa5116bd8e2c96

5

5.1

ISO 29463-2:2011(E)

Measuring devices

Optical particle counters

5.1.1 Operation

In an optical particle counter, the particles are led individually through an intensively illuminated measuring
volume. When passing through the measuring volume, the particle scatters light, which is detected at a
defined spatial angle by a photo detector and transformed into an electrical pulse. The level of this pulse
corresponds to the size of the particle, and the number of pulses per unit time with the particle concentration

in th

Figu

Key

€ alr volume analysed.

re 4 shows an example of the general structure of an optical particle counter with a laser\ight s

T 8
6-P~o T
’ 5 { 5 5
2 3 e
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4/ 9/ 11 a
|
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reference.detector
aser, mirror
He-Ne laser

= 2O 00N OO WN -

)

[

4 H |
TTVWOLTTTWITTUUVW

gasket ring

aspherical lens
photo detector
aerosol outlet
parabolic mirror
aerosol inlet
aerosol nozzle

Sheath air.

Figure 4 — Structure of an optical particle counter — Example
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5.1.2 Minimum performance parameters
The following apply.
a) Optical particle counters should comply with requirements in ISO 21501-1 and/or ISO 21501-4.

b) Measuring range for the particle size: 0,1 ym to 2,0 ym (for 50 % counting efficiency) with at least

one

channel with a mean size smaller than the MPPS of the filter under test; preferably half the size of MPPS.

c) Minimum number of particle size classes between 0,1 ym and 0,3 ym:

1) fortesting the filter medium, five size classes;

2) foi testing the filter element, two size classes. From a practical point of view, the 0,1 to 0,2)and 0
0,3 channel size ranges common to many commercial counters can meet this requirement:

d) Zero cqunt rate: <1 min~.

5.1.3 Sources of error and limit errors

2 to

The particlg size determined by an optical particle counter is a scattered-light-equivalent diameter (see plso

Reference [7]), which is dependent not only on the geometrical particle size-but also on the shape of]
particle and the optical properties of the particle material. The nature of this*dependency varies accordin
the construgtional type of the particle counter. Measurement results can be compared between two diffe
particle counters only if these have been calibrated for the particle material in question.

If the particle concentration is too high, so-called coincidence ertors occur. This means that several part
enter the njeasuring volume at the same time, and are interpreted as one larger particle. Suitable dily
measures s$hall be adopted (see 5.5) to ensure that the*maximum concentration is not exceeded.
maximum g¢oncentration for a specific particle counter\can be determined by generating an aerosol
constant rafe into a known volume of air. The concentration should provide approximately 20 000 counts|
minute to B0 000 counts per minute in a precise measured volume of air. Once the concentratio
determined| continue the same particle generation but reduce the airflow volume. Using Equation
compare the new higher measured concentration to calculated concentration.

C.xVi=C, xV,

where
C. is the calculated coneentration;
V. is the calculated-volume;

C, is the measured concentration;
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If the measured and calculated values correspond, repeat the procedure at a new, lower airflow rate. Continue
the process until the measured concentration is 95 % of the calculated concentration. This is the maximum

aerosol concentration that can be measured with that counter with a <5 % coincidence loss.

The volume flowmeter on the counter shall be calibrated against a traceable standard.
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5.1.4 Maintenance and inspection

Optical particle counters shall be regularly maintained and inspected by qualified personnel. This also includes
a calibration using PSL (polystyrene latex) aerosols.

The inspection of the correct operation by the user shall include a check of the flow rate, as well as a regular
check of the zero count rate by inserting a suitable upstream filter of class ISO 35 H or higher.

If several counters are available, a further operational check is possible by comparative measurements of a

test aerosol.

51,6 Calibration

Opt|cal particle counters are normally calibrated using PSL particles (see also References [8]|and [9]). A
calibration with other, usually liquid aerosol materials (e.g. DEHS) is possible using a vibrating orifice aerosol
gengrator (see also Reference [10]) or independent aerosol sizing equipment.

The| determination of the counting efficiency requires the production of monordisperse aerosols of known
congentration (e.g. with the aid of a differential mobility analyser and an aerosol electrometer or cpndensation
particle counter (see also Reference [2]), so that this is usually possible~only in well-equipged aerosol
labqgratories. As an alternative, the counting efficiency can also be tested using PSL aerosols by means of
conjparative measurements with another optical particle counter. In this_case, the lower measuring limit of the
comparison counter shall be lower than that of the counter being calibrated.

5.2| Condensation particle counter

5.2.1 Operation

In g condensation particle counter (CPC), particles that are too small for direct optical measyrement are
enlgrged by condensation of a vapour before being subjected to light scattering or lighf extinction
megdsurements. The concentration of the résultant droplets is determined by counting or by photometry.
However, using this method, the informatien:about the original size of the particles is lost.

The| super-saturation required for the vapour condensation can be produced for CPCs with continfious flow in
two|ways.

Thelfirst is that the aerosol is.first saturated with the vapour at a temperature above the ambient t¢mperature,
and|then cooled by contact with a cold pipe wall (external cooling) (see also Reference [11]). Figlire 5 shows
the ptructure of such asdévice. The aerosol flows through a pipe in which it is saturated with butgnol vapour,
and| then through a.condensation pipe in which it is cooled from outside. The resultant drops are then
regiptered by a segattered light sensor.

In the second)case, the aerosol at ambient temperature is mixed with a warmer, particle-ffee, vapour
satyrated.air flow. The mixing leads to super-saturation and condensation (see also Referencg [12]). This
pringiplé.is shown in Figure 6.

Here the aerosol is led directly to a mixing nozzle by the shortest route. The drops of propylene glycol that
form along the condensation section are again registered by a scattered light sensor.

© 1SO 2011 — All rights reserved
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Figure

5 — Structure of a condensation particle counter using the principle of external cooling
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Figure 6 — Structure.of.a condensation particle counter using the mixing principle

5.2.2 Minimum performance parameters
Thelfollowing apply:
— | measuringange for the particle size: 50 nm to 0,8 um (for 100 % counting efficiency);

— |zerocount rate: <1 min~1.

5.2.8 —-Sources of error and limit errors

If a CPC is used in the counting mode, then the determination of the particle concentration depends primarily
on the accuracy of the sampling volume flow rate. Depending on the measuring or control method used, this
lies between 2 % and 5 %.

In the photometric mode of operation, the relationship between the number concentration and the output
signal also depends on the size of the droplets produced. Operation in the photometric mode should be
avoided because, in extreme cases, the measuring inaccuracies can be as large as 100 % (see also
References [13] and [14]).
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5.2.4 Maintenance and inspection

The level of the vapour substance in the reservoir shall be checked at regular intervals. The vapour substance
shall be exchanged at intervals, since water accumulates in it and changes its thermodynamic properties.

The inspection of correct operation shall include a check of the flow, as well as a regular check of the zero
count rate by inserting a suitable upstream filter of class ISO 35 H or higher.

If several counters are available, a further operational check is possible by comparative measurements of a
test aerosol.

5.2.5 Calibration

A condens
measuring
from time tdg

The calibra
production
aerosol elg

laboratoried.

5.3 Differential mobility analyser

5.3.1

Opg¢ration

btion particle counter operating in the counting mode can be regarded as an indepen
method that requires nearly no calibration. It is necessary to check only the sampling/ volume
time by comparison, for example, with a floating element flowmeter.

ion of a CPC in its photometric mode and the determination of its countingyefficiency require
bf mono-disperse aerosols of known concentration (using a differential/mobility analyser ang
ctrometer; see also Reference [2]) and is usually possible onlyCin~ well-equipped aer
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The mobility analyser itself consists of two concentric-cylindrical electrodes. The poly-disperse aerosol b
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introduced
introduced
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have only a

5.3.2 Min

The followir

tial mobility analyser (DMA), particles can be classified according to their electrical mobility.
bility of a particle is a function of the particle size and the number of electrical charges on
re 7 shows the structure of a DMA.
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first brought to a defined state of electrical charge by the attachment of gas ions, and fipally

hrough a narrow circular gap along the outer electrode into the DMA. Isokinetic, particle-free 2
blong the inner electrode. Under the'influence of an electric field between the electrodes, parti
e charge migrate at right angles to the flow direction towards the central electrode, whereas
5 a narrow slit through which a partial flow of particles with a defined electrical mobility is extra

ate choice of size distribution of the poly-disperse primary aerosol ensures that these particle
single electrical-Charge and are thus of the same size.

mum performance parameters

g apply-

iris
cles
the

h the opposite charge polarity are attracted to the outer electrode. At the lower end of the ipner

cted.

5 all

operati

bnal pnrfirlp size range: 10nmito 08 Hm;

— geometrical standard deviation of the (quasi) mono-disperse aerosol: <1,3.

5.3.3 Sou

rces of error and limit errors

If the size distribution of the primary aerosol is not precisely adapted to the size of the mono-disperse output
aerosol, then in the particle size range above 0,1 um there can be a considerable proportion of larger particles
with multiple charges in the output aerosol.

Leaks and maladjusted volume flow rates can lead to a drift from the selected particle size and inadequate
mono-dispersity.
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Figure 7 — Structure of a differential mobility analyser

5.3.4 Maintenance and inspection

Since particles are deposited on the electrodes in the course of operation these shall be cleaned at regular
intervals.

After every cleaning, the apparatus shall be tested for leaks in accordance with the manufacturer's instructions.
From time to time, the calibration of the internal gas flowmeters shall be checked. The correct adjustment of
volume flow rates in the apparatus is of the greatest importance for its proper operation. If particles are
observed at the outlet of the apparatus when there is no potential difference between the electrodes, then it is
necessary to check the volume flow rates.
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5.3.5 Calibration

It is possible to calculate the diameter of the mono-disperse output aerosol from the known geometry of the
apparatus, the volume flow rate and the applied potential difference. For this reason, the apparatus is often
used as a calibration standard. The proper function of the apparatus should be checked at regular time
intervals by using reference filters with known efficiency at specific particle sizes. If it seems that the
apparatus is not working properly, a comparison with another device of the same type, or the use of PSL
aerosols (see also References [8] and [15]) can be necessary to calibrate the apparatus.

5.4 Particle size analysis system on the basis of differential mobility analysis

5.4.1 Opelration

The differemtial mobility particle sizer (DMPS) described in this subclause involves a combinationiof a DMA

and a CPC
with a numnj
aerosol car
measuremg

5.4.2 Min
The followir]
a)
b) measu
1)

2)

fon

fon
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If the number concentration of the mono-disperse aerosol is measured at the output’of the [
ber of suitable central electrode voltages, then the size distribution of the initial' poly-disp
be calculated if the distribution of the electrical charges on the aerosol particles is known.
nt process of the DMPS is controlled by the same computer that evaluates the-measurement d

mum performance parameters

g apply:

ing range:
the particle size: 10 nm to 0,8 um,

the particle concentration: 103 cm=3 to 108-cm-3.

use this measuring method, it.is -necessary to know the charge distribution for the aerosol.
echanism of the particles ean*be disturbed by the composition of the carrier gas (e.g. alc
but also by concentrations of particles that are too high.

ntenance and inspéction
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5.5 Dilut

5.5.1

ion systems

Operation

Dilution systems reduce the concentration of an aerosol to a defined extent by the addition of a particle-free
gas (usually air). Typically, dilution systems sample a precise small volume of raw aerosol. The remaining
sample volume of the counter being used comes from HEPA-filtered air. The dilution behaviour for the
relevant particle size range shall be independent of the particle size and shall be constant over time.

The clean air can be obtained by filtering a partial flow of the aerosol. The unfiltered part is usually fed along a
capillary and the drop of pressure over this capillary is used to check the volume flow rate (see also
Reference [15]).
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Another possibility is the introduction of external particle-free air, for example, from a compressed air line.

Some systems operate on the ejector principle. The pure air flow creates a pressure drop at a constriction,
which draws in the aerosol being diluted (see also Reference [17]). The dilution ratio of these systems is
defined solely by the geometry of the set-up and, as a rule, cannot be altered by the operator.

A further option is the controlled mixing of an aerosol flow with a pure-air flow without using the ejector effect.
The volume flow of the aerosol in this case shall be determined by taking a balance of the other volume flows.
The dilution ratio can be freely adjusted within certain limits.

By means of a cascade system using several dilution systems, high (up to 10 000) dilution factors can be
achleved with a high level of accuracy (see also References [16] and [18]).

5.5.2 Minimum performance parameters
Thelfollowing apply:
a) |volume flow adjustable to the relevant measuring device;

b) |dilution ratio between 10 and 10 000 depending on the initial gas congentration and the meastiring device
used;

¢) |accuracy: 10 % of the dilution ratio;

d) |zero count rate: <10 min~1 (measured with an absolute filter at the intake of the dilution systen

~

5.5.8 Sources of error and limit errors

Clogging of the capillaries and the nozzles can alter’the dilution ratio.

5.5.4 Maintenance and inspection

Installed filters shall be replaced at the intervals specified by the manufacturers. If, on testing the pystem with
particle-free air, it is found to “produce”™ particles, then the dilution system shall be cleaned. The dilution ratio
shal|l be checked from time to time) for example by measuring the particle concentration at the intpke and the
outlet of a dilution stage.

5.6/ Aerosol photometer

An laerosol photometer is an aerosol measurement device that is also based on light scaftering. The
phofometer is thécaccepted device for the alternate method for leak testing of group H filters as pfescribed in
1ISO|129463-4:2091, Annex B. Unlike a single particle counter, a photometer measures the t¢tal aerosol
congentration. from the light scattering intensity of the entire aerosol instead of individual particles. Since the
intepsity af-light scattered by the aerosol varies approximately with the cube of the particle diamefer (within a
defipable S|ze range) thls devrce is often mlstakenly assumed to measure aerosol mass or vqum b. However,
due gravimetric
measurement of aerosols of known size. Hence |t is customary to use aerosol mass mstead of particle size for
filter performance testing using this device. As noted in Annex A, using the mass and the count-weighted
particle size distribution interchangeably leads to erroneous results.

5.6.1 Operation

The aerosol photometer samples the upstream and downstream mass concentrations of a filter under test and
converts the reading into a direct percentage of penetration. Particulate-free air is passed through the forward
light-scattering chamber as the instrument is electrically balanced with respect to any incidental stray light. A
response baseline is set as a basis of comparison, either from the sampled upstream concentration or using
an internal reference circuit. The upstream concentration is set for a desired range between 10 pg/l to 100 ug/l
of a known type of oil-based poly-disperse aerosol particles. Once the base line has been set, any subsequent
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downstream penetration reading is expressed as a percentage relative to that baseline. The range of
concentration measurement is from 100 % to 0,000 1 %. The aerosol photometer may use several oil-based
aerosols, providing that the aerosol photometer has been calibrated against that aerosol or that the
manufacturer has published known correction factors for alternative aerosols. Since the instrument measures
mass concentrations of particulates, the size, shape or colour of the aerosol is not critical, providing there is a
sufficient number of them to be detected. Figure 8 shows the structure of an aerosol photometer.

6 5 8 2
I )

{ {0
I

Key
1 light soufce 7  cones of light
2 objectivg lenses 8 cones of darkness
3 light stogs 9 vacuum pump
4  optics ctfamber 10 electronic processor and metering circuits
5 focusing|lens 11 airflow selector valve, upstream, downstream, clear
6 photomdltiplier detector 12 internal HEPA ilter
Figure 8 — Structure of the aerosol photometer
5.6.2 Minjmum performance parameters
The following apply:

a) samplipg volume flow rate:' 28,3 I/min + 10 %;

b) measu
100 pg

c) accura

fing range: 0,000 1ug of PAO per litre of air, with upstream concentrations between 10 pg/I

Ly 1N\% of full scale for the decade or scale in use;

and

d) sensitivity/resolution: 0,001 ug/l;

e) detectable particle sizes: approximately 0,1 ym and larger.

5.6.3 Sources of errors and error limits

Since aerosol photometers are mass measurement devices, they are dependent upon receiving a sufficient
concentration of upstream aerosol. Aerosol concentrations below 10 pg/l can create extraneous signal noise
issues towards the lower end of the operating range of 0,000 1 %. The optics chamber is prone to collecting
large-size particulate matter that falls out of the air stream. Particulate matter entrapped within the chamber
can reflect light to the detection circuit, resulting in intermittent false penetration readings. Sampling system
leaks can lead to erroneous penetration readings.
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The handheld probe and sampling should be inspected daily for leaks. The sampling system capture screen
should be inspected and cleaned daily or as necessary. The aerosol photometer should be able to maintain a
stable 0,000 % reading at the highest sensitivity setting at the 10 pg/l internal reference setting when monitoring
either three decimal places (0,000) or on the 0,1 % scale setting. The detection circuit linearity and stability may
be tested by sampling untreated room air after setting the internal reference setting for 10 pg/l and 100 g/l
challenges, respectively. The two room air sample readings should be one log or one decade apart £10 %.

5.6.

5 Calibration
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particulates on the optics, the chamber and all components upstream of the optics chamber.
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bsol photometers are normally calibrated using 100 ug/l aerosol source, sample rate, amplifier |
iracy, and detection circuit linearity and stability tests.

ending on the nature of the aerosol photometer used, the optics chamber and airflow samp
Cally require extensive teardown and cleaning during the calibration process to-rémove oil b

'val should be determined based upon the amount of use and levels ofcaerosol sampled

Differential pressure measuring equipment
Fder to determine the pressure drop across a filter, a pressure<measuring device can be used
sures this directly (such as a liquid manometer or a membrane manometer) or measures
h as an electrical or pneumatic measuring transducer). Electrical transducers require regular ¢
mum performance parameters:

accuracy: <3 % of the measured value;

minimum resolution: 2,5 Pa.

Absolute pressure measuring-equipment

absolute pressure at the intake of the restrictor may be measured using a mercury barome
meter or a barometer with electrical sensor/transducer.

mum performance parameters:
measuring range;-90 kPa to 120 kPa;
accuracy~+0,6 kPa;

minimum resolution: 5 Pa.

5.9

nearity and

ling system
uild-up and
Calibration
hrough the

sol photometer. Detailed aerosol photometer calibration procedures are found in IEST RP CC(13.

which either
it indirectly
blibration.

ter, aneroid

— T hermometers

The temperature may be determined using either a liquid thermometer or a thermometer with electrical
sensor/transducer (see also Reference [19]).

Minimum performance parameters:

measuring range: 273 K to 313 K;

accuracy: 2 K.
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5.10 Hygrometer

The relative humidity may be determined, in the simplest case, using a hair hygrometer. The use of more
complicated equipment is also possible (electrolysis, LiCl dew-point hygrometer, dew-point mirror hygrometer,
psychrometer, etc.; see also Reference [19].

Minimum performance parameters:

— measuring range: 25 % to 95 % relative humidity;

— accura

6 Maint

For the ind
out at leas
calibration s

cy: b % relative humidity

enance and inspection intervals

Table 2 — Summary of the maintenance and inspectioncintervals

vidual devices, the maintenance and inspection procedures specified in Table @<shall be cafried
once within the given time periods. The successful accomplishment of thelannual instrument
hall be documented with individual calibration protocols.
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Alteration to the test set-up or the relevant device.
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7 Particle counting statistics

Counting particles is subject to statistical variation. The smaller the number of events that are counted, the
lower is the level of confidence. The level of confidence can be estimated by the use of the Poisson
distribution.

The following table gives limits for the 95 % two-sided confidence interval for a given number of events using
the Poisson distribution.

Table 3 — Upper and lower limit of the 95 % confidence interval

of a Poissom distribution for particle mambers
No. of particles Lower limit Upper limit No. of particles Lower limit Upper limit

0 0,0 3,7 35 24.4 48,7

1 0,1 5,6 40 28,6 54,5

2 0,2 7,2 45 32,8 60,2

3 0,6 8,8 50 37,1 65,9

4 1,0 10,2 55 41,4 71,6

5 1,6 11,7 60 45,8 77,2

6 2,2 13,1 65 50,2 82,9

8 3,4 15,8 70 54,6 88,4

10 4,7 18,4 75 59,0 94,0

12 6,2 21,0 80 63,4 99,6

14 7,7 23,5 85 67,9 105,1

16 9,4 2670 90 72,4 110,6

18 10,7 28,4 95 76,9 116,1

20 12,2 30,8 100 81,4 121,6

25 16,2 36,8 — — —

30 20,2 42,8 — — —
Forlexample, if five particles are being counted, then Table 3 shows that 95 % of repeated measyirements of
the pame object would produce measuring rates between 1,6 and 11,7.

For[small caunts, the limit values of the confidence interval are very asymmetrically distributed in ferms of the
number counted. For larger numbers, the Poisson distribution transforms into a symmetrjcal normal
distribution. In these cases the 95 % confidence range may be calculated from Equation (2):

N95 % = * 1,96 x N4 (2)

When calculating the filter efficiency and the penetration on the basis of the numbers of particles counted, the
least favourable limit value of the confidence interval shall be determined and used as a basis for the
calculation. This normally means that instead of the measured value, the lower limit value shall be used for the
upstream measurement, and the upper limit value for the downstream measurement.

Care shall be taken that the limit value is determined on the basis of the primary counts, rather than derived
quantities, such as particle concentrations or numbers in which dilution factors have already been included.

The Poisson statistics can be used to account only for errors arising from small numbers of counted particles.
Where they can be determined, other random and systematic errors shall be reduced by additional corrections.
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