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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.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

ISO 29463 (all parts) is derived from EN 1822 (all parts). It contains requirements, fu
principles of testing and the marking for, high-efficiency particulate air filters with efficie
95% to 99,999 995% that can be used for classifying filters in general or for specific use by
between users and suppliers.

ISO 29463 (all parts) establishes a procedure for the determination of the efficiency of all fil

ndamental
ncies from
agreement

ters on the

basis of a particle counting method using a liquid (or alternatively a solid) test aerosol, and allows a
standardized classification of these filters in terms of their efficiency, both local and overall efficiency,

which actually covers most needs of different applications. The difference between this
and| other national standards lies in the technique used for the determination of the ovéral
Instead of mass relationships or total concentrations, this technique is based on panticle

the|most penetrating particle size (MPPS), which is for micro-glass filter mediums usually i
of 0,12 um to 0,25 pm. This method also allows testing ultra-low penetration‘air filters,
not|possible with the previous test methods because of their inadequate sénsitivity. For
filtgr media, separate rules apply, and are described in ISO 29463-5:2011, Annex B. A
equiivalent test procedures for testing filters with charged media is prescribed, a method
with these types of filters is described in ISO 29463-5:2011, Annex C.Specific requirements

document
efficiency:.
ounting at
L the range
which was
membrane
though no
for dealing
for testing

method, frequency, and reporting requirements may be modified by agreement between sypplier and

customer. For lower efficiency filters (Group H, as described in/Clatise 5), alternate leak te
noted in ISO 29463-4:2011, Annex A may be used by specificaagreement between users ang
but|only if the use of these other methods is clearly designated in the filter markings, as n
annex. Although the methods prescribed in this document-may be generally used to deter
performance for nano-size particles, testing or classification of filters for nano-size particles
the(scope of this document (see Annex A for additionalinformation).

There are differences between ISO 29463 (allvparts) and other normative practices ¢
several countries. For example, many of thése rely on total aerosol concentrations r
ind{vidual particles. A brief summary of thiése methods and their reference standards is g
[S0|29463-5:2011, Annex A.

bt methods
| suppliers,
pted in the
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hre beyond

ommon in
hther than
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High efficiency filters and filter media for removing
particles from air —

Part 1:
Classification, performance, testing and marking
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Scope

5 document establishes a classification of filters based on their performance,*as det
rdance with ISO 29463-3, ISO 29463-4 and ISO 29463-5. It also provides(anroverview
redures, and specifies general requirements for assessing and markingythe filters, as
umenting the test results. It is intended to be used in conjunction with ISO 29463-2, IS
29463-4 and 1SO 29463-5.

Normative references

following documents are referred to in the text in such a way that some or all of th
Ktitutes requirements of this document. For dated, references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

29463-2:2011, High-efficiency filters and filter media for removing particles in air — Par
Huction, measuring equipment and particle-counting statistics

29463-3:2011, High-efficiency filters and\filter media for removing particles in air — Pan
sheet filter media

29463-4:2011, High-efficiency filters and filter media for removing particles in air — §
hod for determining leakage of filter elements-Scan method

29463-5:2011, High-efficiency filters and filter media for removing particles in air — I
hod for filter elements

29464:2017, Cleaning equipment for air and other gases — Terminology

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 29464 and the follo

ISO

ermined in
of the test
well as for
D 29463-3,

bir content
pplies. For
[s) applies.
b 2: Aerosol
¢ 3: Testing

art 4: Test

art 5: Test

ving apply.

and IEC maintain terminological databases for use in standardization at the following aqg

dresses:

3.1

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

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

filter medium
material used for filtering

3.2

folded pack
pack of the filter medium (3.1) formed by uniform individual folds

© IS0 2017 - All rights reserved
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3.3

filter element

filter

folded pack (3.2) enclosed by a frame

3.4
efficiency

ratio of the number of particles retained by the filter to the number of the particles entering it

3.5
particle si

efficiency (

ze efficiency

B.4) for a specific particle diameter (3.6)

Note 1 to enftry: The efficiency plotted as a function of the particle diameter gives the fractional efficiency curve.

3.6

particle d
geometric
particles o

Note 1 to enftry: Particle diameter is often referred to simply as "particle size".

[SOURCE: 1
3.7

overall efficiency

efficiency (|
operating

3.8
local effic

efficiency (
3.9

nominal a
air volume

3.10
filter face

cross-sectipnal area of the filterelement (3.3) including the frame

3.11
superfici
cross-secti

3.12
effective f
area of theg

ameter
diameter (equivalent spherical, optical or aerodynamic, depending n"context) of
fan aerosol

SO 29464:2017, 3.2.124]

3.4), averaged over the whole superficial face area (311) of a filter element (3.3) under g
onditions of the filter

ency
B.4) at a specific point of the filter element (3.3) under given operating conditions of the f}

ir volume flow rate
flow rate at which the filter element (3.3) shall be tested as specified by the manufacturg

drea

face area
nal area ofthe filter element (3.3) through which the air flow passed

jlter medium area

the

ven

Iter

filter medium (3.1) contained in the filter element (3.3) (without areas covered by seal

ant,

spacers, struts, etc.) which the air flow passes

3.13

nominal filter medium face velocity
nominal air volume flow rate (3.9) divided by the effective filter medium (3.1) area

3.14

quasi-monodisperse aerosol

aerosols w

hose distribution has a geometric standard deviation between og = 1,15 and og = 1,5
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4 Symbols and abbreviated terms

dp particle diameter

E efficiency

P penetration

p pressure

Og geometric standard deviation
CP( condensation particle counter

DEHS  Sebacic acid-bis (2 ethyl hexyl-) ester (trivial name: di-ethyl-hexyl-sebacate)
DMA differential electric mobility analyser
DMPS  differential mobility particle sizer

MPPS  most penetrating particle size, that is the particle size for which the filtration efficljency
is a minimum

OP( optical particle counter

PAC poly-alpha-olefin, mineral oil with Chemical Abstract Service Registry number
of 68649-12-7

PSLJ poly-styrene latex (solid spheres)

5 |Classification

Filters and filter elements are classifiefin groups and classes based on their efficiency or genetration
for [the MPPS particles by testing @s prescribed in Clause 6 and in ISO 29463-5. According to this
document, filter elements fall into one of the following groups.

a) |Group E: EPA filters (efficient particulate air filter), also commonly referred to as sub-HIEPA.

The efficiency of the filters is determined by statistical sample testing only in accorglance with
[SO 29463-5. Group-E filters cannot and shall not be leak tested.

b) |Group H: HERA/filters (high-efficiency particle air filter)

Filters.are'individually tested and their efficiency is determined at MPPS in accordance with
ISO 29463-5. The filter is leak tested in accordance with ISO 29463-4, where, in addition to the
reference leak scan method, four alternate methods for leak testing are allowed. Alter‘{ate norms
used for leak testing should be clearly identified on the filter and certifications.

c) Group U: ULPA filters (ultra-low penetration air filter)

Filters are individually tested and their efficiency is determined at MPPS in accordance with
[SO 29463-5. Filters are leak tested according to scan method in accordance with ISO 29463-4. No
alternate leak testing is allowed.

A detailed specification for each filter group and class is given in Tables 1 and 2. Either of them can be
used for filter classification purposes.

Detailed information about the permissible test methods in accordance with ISO 29463 (all parts) for
each filter group and class of filters is given in Table B.1.

© IS0 2017 - All rights reserved 3
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Table 1 — Filter classification: Allowed filter classes (5/10th filter efficiency)

Filter class and group

Overall value

Local valueab

Efficiency (%) Penetration (%) Efficiency (%) Penetration (%)

ISO15E =95 <5 —c —c
ISO25E 299,5 <0,5 —c —c

SO 35 Hd 299,95 <0,05 299,75 <0,25

SO 45 Hd 299,995 <0,005 299,975 <0,025
ISO55U 2999995 <0,0005 >99,997 5 <0,002 5
ISO65U 299,999 95 <0,000 05 299,999 75 <0,000 25
ISO75U 299,999 995 <0,000 005 299,999 9 <0,000 1

b Local pd
¢ Filters g

d  For Gro
specified wh

a  SeeZ7.5.2.4and ISO 29463-4.

f Group E cannot and shall not be leak tested for classification purposes.

netration values lower than those given in this table may be agreed upon between the suppliér@and custonfer.

hp H filters, local penetration is given for reference MPPS particle scanning method: Alternate limits may be
en photometer or oil thread leak testing is used.

¢ Filtersd

d  For Gro
specified wh

f Group E cannot and shall notpéjleak tested for classification purposes.

Table 2 — Filter classification: Allowed filter classes (1/10th filter efficiency)
Filter clgss and group Overall value Local valueab

Efficiency (%) Penetration (%) Efficiency (%) Penetration (%0)
ISO20E 299 <1 —c —c
ISO30E 299,90 <0,1 —c —c
1SO 40 Hd 299,99 <0,01 299,95 <0,05
ISO50U 299,999 <0,001 299,995 <0,005
[SO60U 299,999 9 20,0001 299,999 5 <0,000 5
ISO70U0 299,999 99 <0,000 01 299,999 9 <0,0001
a  SeeZ7.5.2.4and ISO 29463-4.
b Local pgnetration values lower than those given in this table may be agreed upon between the supplier and custonjer.

p H filters, local penetration.is given for reference MPPS particle scanning method. Alternate limits may be
en photometer or oil thréad leak testing is used.

6 Requ

6.1 Gen

The filter 4

irements

bral

lement shall be designed or marked so as to prevent incorrect mounting.

The filter element shall be designed so that when correctly mounted in the ventilation duct, no leak
occurs along the sealing edge.

If, for any reason, dimensions do not allow testing of a filter under standard test conditions, assembly of
two or more filters of the same type or model is permitted, provided no leaks occur in the resulting filter.

If the filter is tested without the filter seal fitted, and if designed to have a filter seal, then the filter test

certificate shall be clearly marked “filter efficiency tested without filter seal fitted”.

6.2 Material

The filter element shall be made of suitable material to withstand normal usage and exposures to those
temperatures, humidity and corrosive environments that are likely to be encountered.

4
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The filter element shall be designed so that it will withstand mechanical constraints that are likely to
be encountered during normal use.

Dust or fibres released from the filter media by the air flow through the filter element shall not
constitute a hazard or nuisance for the people (or devices) exposed to filtered air.

6.3 Nominal air volume flow rate

The filter element shall be tested at its nominal air volume flow rate for which the filter has been
designed by the manufacturer.

6.4| Pressure difference

The pressure difference across the filter element is recorded at the nominal air volumeflow [rate.

6.5 Filtration performance

The filtration performance is expressed by the efficiency or the penetration as measufed by the
pregcribed procedures in ISO 29463-5. After testing in accordance with/ Clause 7, filter elements are
clagsified in accordance with Tables 1 and 2.

Filters with filter media having an electrostatic charge are classified in accordance with Tables 1 and
2, dn the basis of their discharged efficiency or penetratien in accordance with ISO 29463-5:2011,
Annex C.

7 |Test methods — General requirements;and test procedures overview

7.1 General
The complete test method comprises the foHowing three steps, which can be performed indgpendently:
— |test for flat sheet filter media, imaecordance with ISO 29463-3;
— |test for determining the leakage of filter elements (scan method), in accordance with IS 29463-4;
— |test for determining the efficiency of filters, in accordance with ISO 29463-5.

Clayise 7 provides the getreral requirements for the features common to all tests, as well as ah overview
of the test procedurés,

Detpiled information about the permissible test methods for filter elements in accordance with
1SO|29463 (all,parts) for each filter group and class of filters is given in Table B.1.

7.2 Testrigs

TesTTIgs shall be In accordance with 150 29463-3, ISO 29463-4 and 150 29463-5 for the respective
tests. The measuring equipment shall be in accordance with ISO 29463-2.

7.3 Test conditions

The air in the test channel used for testing shall comply with the following requirements:
— temperature: 23 °C £ 5 °C;

— relative humidity <75 %.

The temperature shall remain constant during the entire test procedure within +2 °C, the relative
humidity within +5 %.

© IS0 2017 - All rights reserved 5
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The cleanliness of the test air shall be ensured by appropriate pre-filtering, so that in operation without
addition of aerosol the particle number concentration measured with the particle counting method is
less than 352 000 particles/m3. The test specimen shall have the same temperature as the test air and
hence shall be conditioned at test requirements (temperature and relative humidity) long enough to be
in equilibrium.

7.4 Testaerosols

For the testing of filters in accordance with this document, a liquid test aerosol shall be used as the
reference test method. Alternatively, a solid aerosol may be used for leak testing (see [SO 29463-4:2011,

Annex E).
details, seq

The use of
when the n

The concer
over time.
the leak te
aerosol sh4

7.5 Test
7.5.1 Te

7.5.1.1 (

nY 11 1 1 : 11 h T 1 s 1. PERELC _DAN AR n Yoh SEEE o) £
USSIUIT ACTUSUL SUDSLAIICES TIICTUUCL, DUU 4dI'© TIUU ITIIITEU LU, ULITO, TrAVU dlIU I'oL. 'Ol TUl

[SO 29463-2:2011, 4.1.

alternative materials for challenge aerosols shall be agreed between supplier and leusto
haterials specified in this document are unacceptable.

Details of aerosol generation for testing is addressed in the other parts‘of ISO 29463.
5t and the efficiency test of the filter element, the count mean particle diameter of the
1l correspond to the most penetrating particle size (MPPS) for the'filter medium.

methods — Principles
5t method for flat sheet filter media

feneral

The fractignal efficiency curve of flat sheet filter medium samples is determined in new condi

(material 3
Annex C).
filter elem

s supplied by the medium manufacturer) and in discharged condition (see SO 29463-5:2
If these measurements reveal that théfilter medium is having a significant charge,
bnts shall be classified on the basislef the discharged flat sheet efficiency or penetra

her

mer

tration and the size distribution of the aerosol shall be constant, within experimental linpits,

For
test

[ion
D11,
the
fion

measurements in accordance with ISO 2946325:2011, Annex C.

hall

From the fractional efficiency curve generated this way, the most penetrating particle size (MPPS) s
be determined.

7.5.1.2 est samples

The testing procedure reqiiives at least five flat sheet samples of the filter material that will makg¢
the filter elements.

)up

The test sgmples shall be free of folds, creases, holes and other irregularities. The test samples shall

have a minfimum size of 200 mm x 200 mm.

7.5.1.3 estapparatus

The arrangement of the test apparatus is shown in Figure 1. The test rig is described in detail in
ISO 29463-3. The individual measuring instruments and other devices are described in ISO 29463-2.
An aerosol is produced in the aerosol generator, then passed through a conditioner (for example, to
evaporate a solvent) and neutralised, before being brought together with the particle-free mixing air to
the test filter medium mounting assembly.

Sampling points are positioned upstream and downstream from the test filter medium mounting
assembly from which a part of the flow is led to the particle counter. The upstream sampling point is
connected with a known ratio dilution circuit to reduce the high particle concentration down to the
actual measuring range of the particle counter.

© ISO 2017 - All rights reserved
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When using the total count counting method (CPC), a differential electric mobility analyser (DMA) is
included before the aerosol neutralizer to separate out a quasi-monodisperse fraction of the required
particle size from the initial polydisperse aerosol.

If a counting method with particle size analysis (OPC) is used, the size distribution of a polydisperse
aerosol can be measured before and after the test specimen.

Instead of using a single particle counter, which measures the unfiltered and filtered air consecutively,
it is also permissible to use two particle counters of equal optical design (wavelength of light source,
light scattering angle, etc.) simultaneously for both measurements. When using two particle counters,
the two counters shall be correlated by measuring the same aerosol to correct for any response
differences.” It is known that OPCs of the same model can give different responses.

After the downstream sampling point, the test aerosol is led through an exhaust filter-and extracted by
a pump. The apparatus is completed by devices to measure (and regulate) the air velute fldw rate and
theldifferential pressure across the filter under test.

Thg measurement data is recorded and evaluated by a computer.

The test apparatus can also be operated in an overpressure mode. In this) case, the extractipn pump is
notjrequired and the mixing air is supplied from a compressed air line’If so desired, the mgasurement
and/regulation of the air volume flow rate can then be carried out omithe upstream side.

pressu-

i - i flow rate
rized —— aerosol- aerosol Yest filter SRS
condi- s tioning lizer assembly ment

tioner

! |

! |

I I

— air > 1 condi- —{, DMA H-»{ neutra- sampling rhounting |-+ sampling |—»1 filter | s |measure-f— pump |—»

|

I I

! |

1

_____ x !
& o delta-p- p.T.RH-
> hier dilution measure- = measure-
ment ment
i
IS HSERRER ri=sin ]
i ¥
CPC | H
OPC }|--- !
1
1

computer

filter

I -1
| |
| exhaust 1
| |
L |

B EEETr —

Figure 1 — Arrangement of apparatus for testing the filter medium

7.5.1.4 Measurement procedure

The performance of the filter medium is determined by testing a circular sample with an exposed area
of 100 cm? at the nominal filter medium face velocity. Details of the measurements are described in
ISO 29463-3. In order to establish the penetration versus particle size curve, the penetration values for
at least six logarithmically, approximately equidistant particle size points are determined.

For this measurement, quasi-monodisperse test aerosol from a DMA with appropriate median values
of the particle diameter is used, and their concentrations determined upstream and downstream of
the test sample. Alternately, the size distribution of a polydisperse aerosol may be determined by OPC’s
upstream and downstream of the test sample in at least six particle size classes. In each case, it shall

© IS0 2017 - All rights reserved 7
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be ensured that the measuring range of the particle counter and the range of produced particle sizes
envelopes the minimum of the efficiency curve (MPPS).

7.5.1.5 Evaluation of test results

From the measurements on the five test samples, the efficiency versus particle size curve shall be
drawn (see Figure 2 for an example) from which the position and value of the minimum efficiency shall

be determi

ned.

Arithmetic mean values shall be determined for

— the mi
— thepa
— the pre¢

The particl
element leg

himum efficiency,
"ticle size at the minimum efficiency (MPPS), and
pssure difference, i.e., resistance.

e size at the MPPS shall subsequently be used as the mean size of the test-aerosol in the filter
| kage test (see 7.5.2) and in the efficiency test (see 7.5.3).

E
99,999 999 0,000 001

/ 0,000 01

99,999 99 \ /

\
\ y
7
3
\ it /' 0,000 1
\ /
99,9999
\ )
N /

99,999 0,001
001 0,02 005 01 02 05 1 d

p
P

Figure 2 — Particle size efficiency, E, and penetration, P, of an ULPA-filter medium as function of
the particle diameter, d), for two different filter medium velocities — Example
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7.5.2 Test method for determining the leakage of filter elements — Scan method

7.5.2.1 General

The leak test serves to test the filter elements of groups H and U for local penetration and the absence
of leaks, respectively (see Tables 1 and 2). The reference method and basis for this test is the particle
counting scan method as described in ISO 29463-4.

Filter elements of Group H shall be leak tested using one of the five leak test methods described in
IS0 29463-4:2011; the reference scanning method, the oil thread leak test, the aerosol photometer filter

sca
Any
acc

nleals test, the PSLLeak Test or the 03 pm-to (\’I;' pm pqrh'r]n pFFir‘innr‘y leak test (IQ(\ 29

exes A, B, E and F). Group U filters shall be leak tested using the MPPS scanning meéth
prdance with ISO 29463-4. All leak tests must be performed at the nominal/ratedair

testled filter element.

For
filte
alte
um
con|
ton
the
test

7.5

For
floy

7.5
The

Group H filters with filter shapes creating highly turbulent air flow (e.g. V-bank or
rs), for which the reference scan method cannot be applied, leak testing by either

rnative methods may be applied; the oil thread leak test (ISO 29463¢4:2011, Annex A)
to 0,5 um particle efficiency leak test (ISO 29463-4:2011, Annex F). For Group U filters W
Struction (e.g. V-bank or cylindrical filters), the alternative methods might not be sensit
neasure the local penetration limits specified in Table 1. Therefore, Group U filters, leak {
alternative methods have to be marked “Alternative leak tested, method A or F” on the
report, to clearly indicate that a less stringent leak test criteria has been applied.

2.2 Test specimen

leak testing, a filter element is required which canrbe sealed into the test rig and subject
U direction in accordance with the final requiréments.

2.3 Test apparatus

arrangement of the individual components of the test apparatus for the scan test i

Figlire 3. The pre-filtered test air ig'drawn in by a fan and passed through a secondary filtg
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air volume flow rate is measured by a standardised air volume flow measuring device in

h [SO 5167-1, or any other wolume flow rate measuring device which can be calibratec
kept constant by a flow-rate controller. A neutralised aerosol with a mean size corres
MPPS of the filter medium and at the nominal face velocity of the filter element is intrg
ributed uniformly upstream of the filter. One or more mechanically movable sample

vided downstreanito permit traversing the entire face.

tream and{downstream particle count measurements are made with OPC’s
ISO 29463-2) with or without dilution.

2.4, \Measurement procedure
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ntroduced

uniformly upstream of the filter. The downstream concentration is sampled by the sampling probes
which traverse the entire (100 %) face of the filter in overlapping scan tracks and at a defined linear rate
of movement. The particle concentration is compared with that upstream side and the local penetration
at each location of the traversing probe determined. In the scanning operation, the entire surface of the
filter element shall be covered in overlapping tracks.

7.5.2.5 Evaluation of test results

Using the test parameters of the leak test (see SO 29463-4), the permissible local value of the efficiency
(see Tables 1 and 2) and taking statistical relationships into account (see ISO 29463-2), it is possible to
calculate a limit value for the particle counting rate that indicates a leak.
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If the limit value for the particle counting rate is not exceeded at any point on the filter surface, the filter
has passed the leakage test and considered to be leak free.
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Figure 3 — Arrangement of apparatus for leak testing

7.5.3 Tept method for determining the efficiency of filter elements

7.5.3.1 (eneral

The overall efficiency of the complete filter element is determined by measuring the average particle
concentratjon on the upstream and dewnstream sides of the filter with stationary sampling propes.
For all filtdr classes, measurements‘are made with discrete particles and particle counters. For Grioup
H filters, als noted above, other_test methods that may be used by agreement between supplier and
customer gdre noted in ISO 29463-5:2011, Annexes A, B and C.

7.5.3.2 est specimen

The test specimen used shall be tested for leakage and be leak-free in accordance with 7.5.2.

shown in Figure 4. The upstream portion of the system used in the efficiency test setup is schematically
similar to the test apparatus used for the leakage test, and is discussed further in ISO 29463-5. The test
filter mounting assembly is followed by a flow channel, which mixes the aerosol on the downstream
side uniformly over the whole cross section of the channel. A stationary sample port is provided
downstream of the filter for particle measurement. The air is discharged through an exhaust filter.

The test procedure is described in detail in ISO 29463-5. The individual methods of measurement are
described in ISO 29463-2.
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7.5.3.4 Measurement procedure

The filter element shall be subjected to the nominal air volume flow rate with the same aerosol as
used for the leak test. The particle concentration shall be measured on the upstream and downstream
side of the filter element being tested. A dilution circuit is included on the upstream side to adjust the
concentration to that measurable by the particle counters (see ISO 29463-2). The pressure differential
across the filter element is measured, before the filter is subject to test aerosol.

7.5.3.5 Evaluation of test results

The—overall nFFirinnr‘y shall be calculated from the parh'r‘]n concentrations measured on the upstream

and downstream side of the filter element being tested (see ISO 29463-2 and ISO 29463-5)\
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Figure 4 — Arrangement of apparatus for efficiency testing using the static measuring method

7.54 Remarks

On the basis of the value(s) determined for overall efficiency, and for filters of groups H and U for local
effitiency (absence efyrelevant leaks), filter elements shall be assigned to a filter class as dpecified in
6.5 This classifieation is only valid if the fixed test conditions and procedures are met.

In 3
or
am

| three procedural steps given in 7.5.1, 7.5.2 and 7.5.3, it is permissible to use either a mopodisperse
polydisperse test aerosol. The particle counting method used may be a total count meth¢d (CPC) or
theddnvolving particle size analysis (OPC).

1o totrat re-partiete-size-they may only
est aerosols of a known particle size.

perset

be used to determine the efficieny in 7.5.1 with monodis

For the determination of the minimum efficiency of the flat sheet filter medium (7.5.1), the test method
using a monodisperse test aerosol has to be considered as the reference test method. Care has to be
taken for the correlation with the reference test method if using a polydisperse aerosol for the steps in
7.5.2 and 7.5.3.

For production testing, filter manufacturers may use data of their filter medium supplier, instead of
doing these test themselves, as long as the data is fully traceable and documented and the tests are
done in full accordance with ISO 29463 (all parts) and, in particular, with ISO 29463-3.

However, it is necessary to be aware that in any case, it remains the responsibility of the filter
manufacturer to ensure the correctness in accordance with this document, traceability and
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documentation of the data. This can be accomplished by maintaining a quality management system,
e.g. ISO 9000, including supplier audits and regular cross checking of the data provided by the filter
medium supplier or verified by third party measurements. The cross checking of the filter medium data
shall be done using an accepted statistical method, which can be the skip lot procedure as described in

ISO 2859-1

or any equivalent alternative method.

8 Assessment of the filter, documentation, test reports

The EPA, HEPA or ULPA filter tested fully in accordance with this document shall be assigned to a filter
class in accordance with Tables 1 and 2 on the basis of its overall efficiency (penetration) as determined

in accordal
is, absence

The test rq
informatio
method, a¢g
results.

Detailed rg

ISO 29

ISO 29
ISO 29

Test report
form part

filters of G
such filters
required i
informatio|

9 Mark

9.1 The filter shall be marked withythe following type identification details:

a) name,
b) model
c) arefer
d) Flass 0
is used
e) nomin
f)
g)

hce with 7.5.3, and for filters of Groups H and U, the requirements for its local efficiency,
of relevant leaks, determined in accordance with 7.5.2.

sults shall be documented in a test certificate or test report. The test report shall give
h about the tested object (filter medium or filter), test parameters, e.g. air flow volume,
rosol and particle or aerosol sampling instrumentation (particle counters)used, and the

quirements for test reports depend on the type of test conducted and.can be found in
163-3:2011, Clause 11 for filter medium testing,

163-4:2011, Clause 9 for filter element leak testing, and

163-5:2011, Clause 10 for filter element efficiency testing.

s for the filter medium, in accordance with ISO 29463-3, are meant for internal use and s
bf the Quality Assurance documentation of a comipany. Test reports for the filter elemer
roups H and U shall be part of the documentation that is normally supplied together
. On the test reports for Group H and U filters; it is recommended to combine the informa
n ISO 29463-4 and in ISO 29463-5 and issue a combined test report with all requ
.

ing

krade mark or othernteans of identification of the manufacturer;

serial number and date of manufacture of the filter;

ence to thisddocument, i.e. ISO 29463-1;

f the filter (see Tables 1 and 2), including marking if another normative method in ISO 2946
forleak scanning;

that

full
test
fest

hall
t of
vith
[ion
red

3-4

al air volume flow rate at which the filter has been classified;

differential pressure sampled value at which the filter has been classified.

date of testing

9.2 Marking of airflow direction through the filter shall be recorded to indicate proper installation
orientation (e.g. with “TOP”, “Direction of flow" or an arrow symbol).

9.3 The marking shall be as clearly visible and as durable as possible.

12
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Annex A
(informative)

Filtration of nanoparticles

Nano- aerosols are made of partlcles havmg one or more dimensions of the order of 100 nm or less
There REere : he—fan h h

are
con
cau
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Sin
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cerns about man-made nanoparticles escaping into the env1ronment both mdoors and outdoors,
king adverse health effects. There are some safety issues that are currently not fullyunddrstood and
pssed.

e the cleanliness of indoor environments is usually ensured by filtration systems, nanoparticle
ation is a key topic in the development of filtration test standardsfand their applications. The
bry of particle capture by fibrous filters resulted in the now commonly known penetrgtion curve
h its distinct most penetrating particle size (MPPS). The efficien¢yof the filter is at its| minimum,
[s penetration at its maximum, for the MPPS and better at all ather particle sizes, both|larger and
ller than the MPPS. For typical current glass fibre media<of Group H and U filters, the MPPS is
veen 120 nm and 250 nm. It has been speculated that thé theory of particle capture cquld fail for
oparticles, i.e. the penetration at these particle sizes will'increase instead of decrease as the particle
decreases. Current research by Pui, et allellZl[8] shows that the penetration curve {s valid for
Ficles down to 5 nm. The research illustrates that testing and classifying filters at or neqr its MPPS
continue to yield the worst case performance, and safest classification, even down to ngnoparticle.
ce, the procedures and classification schemesprescribed in ISO 29463 (all parts) is validl for filters
d for nanoparticles. These filters result in:afilter performance better than at their MPRS at which
F are evaluated and classified. Thus, it is.believed that Group H and U filters classified a¢cording to
29463 (all parts) result in filters with efficiencies for removing nanoparticles equal tp or better
N the ones measured for MPPS particles in accordance with ISO 29463 (all parts).

It slhould be noted that, while the filters discussed in ISO 29463 (all parts) show higher effi¢iencies for

nan
par
me(
tha
mel

oparticle filtration, actual efficiency of a filter for a specific nano-size particle is dependlent on the
ficle measurement devicé and not on the procedures prescribed in ISO 29463 (all partls). Current
isurement devices and methods capable of detecting nanoparticles are more common in research
n in commercial measurements, mostly due to economics. Discussions of these devicep and their
its are outside the.seope of ISO 29463 (all parts).
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