INTERNATIONAL ISO
STANDARD 2965

Third edition
2009-05-15

Materials used as cigarette papers, filter
plug wrap and filter joining paper,
including materials having a discrete or
oriented permeable zone and materials
with bands of differing permeability —
Determination of‘air permeability

Matériaux utilisés comime papier a cigarettes, pour le gainage des filtres
et comme papier manchette, y compris les matériaux posgédant une
zone perméable discréte ou orientée et les matériaux a bandes de
perméabilité-diverses — Détermination de la perméabilité g I'air

——— Reference number
= — ISO 2965:2009(E)

© SO 2009


https://standardsiso.com/api/?name=64b4a31130fe81f59846e67129935277

ISO 2965:2009(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2009

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2009 — All rights reserved


https://standardsiso.com/api/?name=64b4a31130fe81f59846e67129935277

Contents Page
o] =NV o iv
e Yo 11T o) T \'
1 T o - TSR PRR 1
2 o B LYo =] =Y =Y 4 Lo Y= S S 1
3 Terms and definitions.........cooo e T o e e 1
4 o T e o [ 4P A N 2
5 Y o] 0T 1 -1 US> N S 4
6 T2 10 0] o1 LT3 T [ SR PRPPT (U0 S SRRRRRRRRRRS PR 5
7 g T o =T o LU T P N 5
71 LT 0 T - N 00 DO AR 5
7.2 Leak check of the test piece holder..........coo i e 5
7.3 Preparation of test PIi€Ces......ooiiiicic e e e 5
7.4 L0 111 o7 =11 o o P SR AP 5
7.5 Insertion of @ test PIeCe..... .. SO e e e 6
7.6 =T Lo W= o T 4 N, 7
8 EXPression of reSUIES .......ccciiiiiiii e e Y nece s sssme e e s s s s ssnse s e e s s e s s s mnmne s e e e e desnnne e e s e eesnnnnnn 8
9 PrecCiSioN ... S e s e 9
9.1 LR Y == 1 =1 | 117 A, 9
9.2 [RY o] o T [T o3 1 o 11 1 3 ) N, 9
9.3 Results of an international collaborative study (Study 1) .......coocccciirrriinnscccceerrre e e, 9
9.4 Statistical discussion of » and/R results for Study 1........ccccoriiiiciiiiiiii 10
9.5 Results of an international collaborative study (Study 2) .........ccccoecmrirriiccccscrrrecc e, 1
9.6 Statistical discussion of x.and R results for Study 2..........ccccrvieiiiniisci 12
10 LIS S8 0= o T = SRR 12
Annex A (normative) Leak ‘testing of test piece holder.........ccccciiiiiiiiiiiicci e 14
Annex B (normative) Qalibration of air permeability standards and air permeability measuning

L= T4 =T 0 R S 16
Annex C (informative) Determination of relevant surface leakage of test piece in the test piece

0 Lo 1= ! S 20
Annex D (informative) Flow of air through porous materials ...........ccccveviiiiicicnncicce s 22
Annex E {informative) Compensation of calibration standards ............cccceeeeeeveeeeereriicrcrereeceeeeee rrrrrrrerneeens 24
L= 0 [T'e o - o] 172 27
© IS0 2009 — All rights reserved iii

ISO 2965:2009(E)



https://standardsiso.com/api/?name=64b4a31130fe81f59846e67129935277

ISO 2965:2009(E)

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.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main tagk of technical committees is to prepare International Standards. Draft International Starnjdards
adopted by the technical committees are circulated to the member bodies for voting) Publication pgs an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shill not be held responsible for identifying any or all such patent rights.

ISO 2965 wag prepared by Technical Committee ISO/TC 126, Tobacco_and tobacco products, Subcommittee
SC 1, Physical and dimensional tests.

This third editjon cancels and replaces the second edition (ISO 2965:1997) which has been technically re¢vised.

iv © 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=64b4a31130fe81f59846e67129935277

ISO 2965:2009(E)

Introduction

Measurements of air permeability of materials used as cigarette papers have been made for many years. The
methods have required development and change because of the changing nature of the paper products and
changes in the magnitude of their air permeability.

This method has been developed with the technical resources of CORESTA (Cooperative Centre for
Research Relative to Tobacco).
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INTERNATIONAL STANDARD ISO 2965:2009(E)

Materials used as cigarette papers, filter plug wrap and filter
joining paper, including materials having a discrete or oriented
permeable zone and materials with bands of differing
permeability — Determination of air permeability

1 S
This |

It is ¢
mater

is in gxcess of 10 cm3:(min~T-cm=2) at 1 kPa. In addition, it is applicabte to banded cigarette

bands

NOTE
in5.1.

2 N

The f
refere

document (including any amendments) applies.

ISO 1
monit

ISO 3

3 T
For th

31

cope
nternational Standard specifies a method for the determination of air permedbility (AP).

pplicable to materials used as cigarette papers, filter plug wrap and filter joining pa
als having an oriented permeable zone or discrete permeable zones, where the measure

of width > 4 mm.

For an estimate of the air permeability of materials outside the scope of this International Stand
P and Note 3 in 7.6.1.
ormative references

bllowing referenced documents are indispensable for the application of this docume
hces, only the edition cited applies,~\For undated references, the latest edition of th

B7, Paper, board and pulps— Standard atmosphere for conditioning and testing and
bring the atmosphere and conditioning of samples

102, Tobacco and tobaceo products — Atmosphere for conditioning and testing

erms and definitions

e purposes/of this document, the following terms and definitions apply.

air permeability

AP

ber, including
i permeability
papers, with

ard, see Note 2

ht. For dated
e referenced

pbrocedure for

flow of air, measured in cubic centimetres per minute, passing through 1 cm? surface of the test piece at a
measuring pressure of 1,00 kPa

NOTE

3.2

The air permeability units are cm3.(min~—'.cm=2) at 1 kPa.

measuring pressure
difference in pressure across the two faces of the test piece during the measurement
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3.3
leakage

air flow unintentionally aspirated from the surrounding atmosphere or escaping into it through the sealing

surface of the

3.4

test piece holder and elsewhere

paper with uniformly distributed permeability
standard paper
paper with natural air permeability only

3.5
paper with o

riented permeable zone

paper that ha

3.6
paper with d
paper that ha

3.7
banded pap
paper with ba

NOTE Pa

3.8
special pape
paper with mg

NOTE Pa

4 Principle

A test piece i
flow of air thrg

The principle

r

5 a continuous zone of higher air permeability obtained through perforation

screte permeable zone
5 higher air permeability obtained through perforation in discrete areas

r
ds of different air permeability

dified air permeability

bers of this type include those defined in paragraphsc3,5, 3.6 and 3.7.

5 held in a suitable device. A pressure difference is applied across the test piece. The res
ugh the test piece is measured.

bf measurement is illustrated in Figure 1.

bers of this type normally have bands with permeability significantly Iower than that of the base paper.

sultant

© 1SO 2009 - All rights reserved
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A
1
Ay v
/ / A
a
b
v
c d
Key
1 aif stream 5 _inner surface
2 perforated zone (if present) 6\_Jouter surface
3 test piece 7 air stream
4  test surface of area (2 cm?)
a8  Pressure difference. € Low pressure.
b Hlgh pressure. d  Direction of air flow.
Figure 1 — Principle of measurement
The a|r flow throtgh the test piece may be produced by applying a positive or negative pressure [to one side of
the test piece: The direction of air flow through the test piece shall be that which would occur wh¢n the sample
is useddmthe finished product, where known, i.e. from the outside face towards the inside face.

If the air flow is produced by a positive pressure, the apparatus used should incorporate a filter which protects
the test sample from contamination by oil, water and particles.

NOTE 1 With certain materials, the flow through the test piece can exhibit a non-linear relationship with the applied
pressure drop. Thus the air flow through the test piece is determined at two pressure differences to establish whether the
flow/pressure relationship across the paper is linear or non-linear. If it is non-linear, a second measurement of air flow is
recorded at 0,25 kPa to fully characterize the material.

NOTE 2  Depending upon whether the volumetric air flow rate is measured up-stream or down-stream of the test piece,
a difference of approximately 1 % of the flow rate can exist either side of the theoretical value at the centre of the test
piece.

© 1SO 2009 — All rights reserved 3
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5 Apparatus

5.1 Test piece holder, for clamping the test piece, free from leaks.

5.1.1 For papers with uniformly distributed permeability and those with oriented or discrete permeable
zones: the test piece holder has a rectangular surface area of 2,00 cm?2 + 0,02 cm?2 with corner radii no greater

than 0,1 cm. The long side, L, shall have a length of 2,000 cm + 0,005 cm (see Figure 2).

5.1.2 For bands of differing permeability: the test piece holder has a rectangular surface area of
0,30 cm2 + 0,01 cm?2. The short side shall have a length of 2,00 mm + 0,05 mm [see 7.5.6 and Figure 3 d)].

NOTE 1 Th pneiﬁnning of-the tost piono holder-on-the test pinr\c differs for different hj/pne of papers (coo Z.5 and
Figures 2 and 3

~

NOTE 2  An|estimate of the air permeability of other speciality papers, outside the scope of this International Stgndard,
may be requiref. In this case, specialized test piece holders with different surface areas might be necessary:

W

Key

test piece
measuremgent surface area of.test piece holder
is the long ide of the testsurface (see 5.1.1)

th\)—\

is the width of the test'surface

[V

Centreline pf test-piece.

Figure 22— POSIEIOI"III"Ig of test pieces for materials with unllormly distributed permeablllty

5.2 Pneumatic controller, to produce an air flow at a given but adjustable pressure difference between the
two mating faces of the test piece holder.

5.3 Pressure gauge, suitable for measuring pressure differences to at least 0,001 kPa, having a relative
error of no more than 2 % of the measured value within the measuring range.

5.4 Flow meter, suitable for measuring the air flow with a relative error no greater than 5 % of the
measured value within the measuring range.

5.5 Conditioning enclosure, capable of maintaining the conditions given in ISO 187 (but see 7.3).

4 © 1SO 2009 - All rights reserved
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ISO 2

6 Sampling

Take a sample that is representative, on a statistical basis, of the population to be characterized.

Samp

les shall be free of visible defects and creases that may impair measurement performance.

7 Procedure

71

General

965:2009(E)

Since
closel
exam
due td

7.2

Follow

Air led
Some

the m
given

7.3

Selec
the te

If nec
etc.).

Condi
Samp

IMPO

the pressure versus flow relationship of many papers is not linear, this procedure shoul
y to allow proper comparison of results. If it is necessary to deviate from this procedure in
ble, to use a non-standard size of test piece holder or to modify the positioning of the‘test
sample dimensions) then this shall be noted in the Test Report [see 7.5 and 10.@)].

Leak check of the test piece holder

the procedure given in Annex A. Perform a leak check daily, prior to, use.

users require determination of the effect of surface leakage through particular papers tha
pasured flow. In this case, if a value for leakage with the-test piece in place is required,
n Annex C may be used. This should be determined-and referred to in the test report.

Preparation of test pieces

at random from the sample, taken in aceordance with Clause 6, the number of test piecq
5t plus an additional three test pieces tobe used as described in 7.6.1, Note 2.

bssary make the test pieces suitable’ for testing (cut to the required dimensions, eliminate
lion the test pieces, prior(to measurement, in a conditioning enclosure set in accordance
es shall be held such that the conditioning air has free access to all their surfaces.

RTANT — In laboratories unable to use the conditions given in ISO 187, the condit

ISO 302 may be used. In these cases, a note shall be included with the test report.

NOTE

Complete sample bobbins, where it is not possible to expose all surfaces to the conditionin

The

fied of time for conditioning is not given in this International Standard but the period of

mightp[quire an-extended period of conditioning. The time required should be determined by practice and €

ks between the mating faces of the test piece holder shall notbe‘greater than 2,0 cm3:minf

d be followed
any way (for
piece holder,

[ contribute to
he procedure

s required for

folds, seams,

with 1SO 187.

ons given in

g atmosphere,

Xperience.

time retained

shouldbeTeportedwithrthe Tesuits:

7.4

Calibration

Calibrate the instrument using the calibration standards and procedure referred to in Annex B.
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7.5 Insertion of a test piece

7.5.1 General

All papers shall be placed in the test piece holder so that the measuring air will travel from the outside face
towards the inside face of the paper as it is applied in the construction of the finished product, where this is

known.

The positioning of the test pieces in the test piece holder is illustrated in Figures 2 and 3 (see also 5.1).

7.5.2 Mater

Place in such
of the width o

7.5.3 Mater

The permeab
surface [see H

The edges of

test piece should extend over each edge of the test surface by at least 3‘mm. If, for technical reason

cannot be ac
lessthan 4 m

7.5.4 Mater

The test piecs
exposes the 1

Ideally, the d

zone and the
be achieved (|

7.5.5 Mater

The test pie

o
the measure

Ideally, the 2

be achieved (|

7.5.6 Mater

ials with uniformly distributed permeability

a way that, if possible, the centre of the smaller dimension, 7, of the test surface is atthe
the test piece (see Figure 2).

als with a narrow and oriented permeable zone

le zone shall be oriented along, and parallel to, the direction of the.2 ¢m length of th
Figure 3 a)].

the permeable zone shall not be less than 1 mm from the edges-of the test surface. Ideal

nieved (i.e. the specimen under study is less than 16 mm total width or the permeable z
m from one edge of the sample), this shall be referred to inthe test report.

als with an extended and oriented permeable zone

holder shall be placed so that it covers the maximum possible width of the permeable zor]
haximum possible permeable zone within the measurement surface area [see Figure 3 b)].

sample should extend over each @dge of the test surface by at least 3 mm. Where this ¢
E.g. due to sample dimensions), this shall be referred to in the test report.

als with discrete permeable zones

shall be oriented so.as to expose the greatest possible number of the permeable zones
ent surface area of\the test piece holder [see Figure 3 c)].

b .g. due'tosample dimensions), this shall be referred to in the test report.

als,with bands of different air permeability

centre

e test

y, the
s, this
bne is

e and

mension L of the test surface shall.extend at least 1 mm outside the edges of the pernjeable

annot

within

cm dimension/of the test surface shall extend at least 1 mm outside the edges of the permeable
zones and th¢ sample should extend over each edge of the test surface by at least 3 mm. Where this ¢

annot

For measurement of the permeability of the bands, a 0,30 cm? test piece holder shall be used.

The test piece holder shall be oriented so that the long side of the test surface is parallel to the band and shall
be positioned, as far as is practical, to centre the test surface within the band [see Figure 3 d)].

For measurement of the permeability of the base paper, a 2,00 cm? test piece holder shall preferably be used.
The test piece holder should be positioned between the bands so that the clamping face of the holder is at
least 2,5 mm from the bands. It should be oriented so that the 2 cm dimension is parallel to the bands

[see Figure 3 d)]. Where this is not possible, the size and orientation of the test piece holder used shall be
noted in the test report.

© 1SO 2009 - All rights reserved
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Dimensions in millimetres

>3 W >3
t
1 | 1
SHgE
A ‘ ; v
b ‘ X
y - 3 1
0
 / 21 . @ 21
a) Narrow, oriented b) Oriented c) Discrete d)” Bands of different
permeable zone permeable zone permeable zone permeability
(see 7.5.3) (see 7.5.4) (see 7.5.5) (see 7.5.6)
Key
1 test piece 5 band of modified permeability
2 measurement surface area of test 6 position of test piece‘holder for determining AP of bage material
piece holder (using preferably. 2,00 cm? test piece holder)
3 p¢rmeable zone 7 position of test.piece holder for determining AP of bapd
4 bgse material with higher permeability (using 0,3 cm? test piece holder)
(Mon-banded area)
a8  Centreline of test piece. b Running direction of papers.

Figure 3 — Positioning of test pieces for materials with an oriented
or discrete permeable zone and-for papers with bands of different permeability

7.6 |Measurement

7.6.1 | General

Insert|a test piece inte the test piece holder. Establish an approximate pressure difference within the range
1,00 KPa + 0,05 kPa) across the two faces of the test piece. Accurately record this pressure and the
corregponding flow-rate.

NOTEN The. permeability of test pieces can vary throughout their length. For this International Stanglard, the mean
value pf tén ‘individual measurements is used to determine the value of air permeability of a test piege. In practice,
laborafories often take a different number of measurements depending upon the application of the measurement.

Proceed in the same way with all the test pieces. The results are normalized as given in Clause 8.

NOTE 2  If further characterization of the material is required because it is believed that the flow-pressure relationship is
non-linear, perform the following test for air flow rate-pressure relationships on three additional test pieces.

Set up, in turn, pressure differences of 0,25 kPa and 1,00 kPa across the test material, without moving the test
material. Record the corresponding air flow rates 04 and Q, (in cubic centimetres per minute) across the test
material. Calculate the ratio Y using Equation (1):

Y = 04/05 x 1,000,25 1)

© 1SO 2009 — All rights reserved 7
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Repeat the above procedure on two other test pieces and calculate the mean of the three values obtained for
the value Y. If the mean value of Y does not deviate by more than 2 % from the value 1,00 (in practice if it is no
greater than 1,02), the air flow rate-pressure relationship is linear. Otherwise, the relationship is referred to as
non-linear.

If the test material has been shown to have non-linear air flow rate-pressure characteristics, the measurement
of air flow rate at a single pressure difference is considered inadequate to characterize the material. The flow
rate may be determined using the second pressure difference of 0,25 kPa.

Further information is given in Annex D.

1 kPa

a test piede holder with a single larger test surface area,

— ce holder containing multiple areas that perform simultaneous measurements of.ihe standard| single

ectangular test surface area, each with dimensions described in 5.1, and

a test pi
2,00 cm?

drop of 2,0 kPa.

a pressurg

In this case, th¢ method gives only the estimation of permeability.

7.6.2 Measlirement of strips

Make ten conpecutive measurements with a minimum distance of 20’mm between measurements.

7.6.3 Meastirement of spills (papers recovered from manufactured products)

!

surements comprising single measurements on each of ten spills. Ensure that the overlap|seam

in the test surface.

Make ten me
is not include

8 Exprespion of results

The determingtion of the value of air permeability shall be the mean value from the individual measurements

(see 7.6.2 andl 7.6.3).

rstood
pad. In

NOTE If 4 measuring head with multiple test surfaces is used as described in 7.6.1, Note 3, it should be unde

that the measu
addition, care h

The air perm
1 kPa. Using

rement obtained\is already an average of the number of test surfaces used in the measuring h
as to be taken in the interpretation of » and R (see 9.1 and 9.2) when using these measuring heads.

pabilitysAP, is expressed in cubic centimetres per minute per square centimetre measu
h test 'surface of area 2 cm?, it is given by Equation (2):

red at

()

where Q is the numerical value of the air flow, in cubic centimetres per minute, passing through the test piece.

AP = Q/2

In practice, Q is not measured at precisely 1 kPa and a normalization procedure to correct to 1 kPa is required.
In addition, other measuring heads, with areas other than 2 cm?2 may have been used (see 7.6.1, Note 3) and
a correction for this is then also required.

© 1SO 2009 - All rights reserved
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The general equation is as given in Equation (3):

@)

subjected to

AP = 2 X i
A Ap
where
p is the numerical value of the pressure (1 kPa);
A is the numerical value of the surface area, in square centimetres, of the test piece
testing;
Ap is the actual measurement pressure difference, in kilopascals, across the two surfac

piece.

es of the test

9 Precision
9.1 [Repeatability
The djfference between two single results found on matched test samples by one operator uging the same
apparatus within the shortest feasible time interval will exceed the‘vepeatability value, », on avefage not more
than gnce in 20 cases in the normal and correct operation of theimethod.
9.2 |Reproducibility
Singlg results on matched test samples reported by two laboratories will differ by more than the feproducibility
value| R, on average not more than once in 20 cases'in the normal and correct operation of the method.
NOTE In practice, better values for reprodugibility may be obtained when identical experimental conditions are used
betwegn client and supplier (in particular when.common standards are used).
9.3 [Results of an international.collaborative study (Study 1)
A majpr international collaborative study was conducted in 1994, involving 24 laboratories and six samples of
cigarette papers, filter plug wrap and filter joining paper. This study also included samples having an oriented
permgable zone. The study)showed that when these papers are measured in accordance with this method,
the following values for{repeatability, », and reproducibility, R, were obtained.
Table 1 — Repeatability and reproducibility limits for Study 1
Mean.air permeability Repeatability limit Reproducibility limit
[efm3-(min~"-cm™2) at 1 kPa] r R
26,9 2,37 6,01
49,2 4,15 8,37
221 17,4 26,3
1334 96,6 133
2 376 2812 326
21 449 1182 2077
a8  See94.
© 1SO 2009 — All rights reserved 9


https://standardsiso.com/api/?name=64b4a31130fe81f59846e67129935277

ISO 2965:2009(E)

For the purpose of calculating » and R, one test result is defined as the mean value obtained from ten
measurements from a single paper strip or the mean value obtained from ten separate paper spills removed
from manufactured products.

The values for » and R given in Table 1 may only be valid for the particular papers used. It is not practical, in
the context of collaborative studies, to conduct repeat tests on the same test piece. Therefore, the
inhomogeneity in the test pieces contributes to the within-laboratory variance. This situation was referred to in

ISO 5725:1986") as quoted below.

“When tests have to be performed on solid materials that cannot be homogenized (such as metals, rubber or
textile fabrics) and when the tests cannot be repeated on the same test plece mhomogenelty in the test
material wil ntical
material no Idnger holds good. PreCISIOn experiments can still be carr/ed out, but the values of r and\R may
only be valid for the particular material used and should be quoted as such. A more universal use-of r|land R
will be accepfable only if it can be demonstrated that the values do not differ significantly between mgterial
produced at (lifferent times or by different producers. This would require a more elaborate-experimerit than
has been congidered in this International Standard.”

From the daja obtained in the collaborative experiment, it is possible to estimate the within-labgratory
component of variance with the day-to-day and strip-to-strip components of varjance removed. This Within-
laboratory component of variance can then be used to derive alternative values-for repeatability. Thede and
the corresponding values for reproducibility are shown in Table 2

Table 2 — Alternative repeatability and reproducibility limits for Study 1

Mean|air permeability Repeatability limit Reproducibility limit
[em3-(min~"-cm~2) at 1 kPa] r R

26,9 1,57 5,72

49,2 312 7,89
221 1,7 22,9

1334 45,2 95,1

2376 2492 297

21449 519 1773

2  See94.

These values have been adjusted to be equivalent to values that might have been obtained from a similar
analysis of thg¢ mean of tenreadings replicated within a single strip.

9.4 Statistlical discussion of » and R results for Study 1

From the results”of the analysis shown in Tables 1 and 2 it can be seen that, in general, both » and R, when
compared asTa percentage of their mean value, are highest for the lower permeability papers, with a tendency
for » and R, when expressed as a percentage of the mean, to decrease as the mean permeability increases.

However, the paper with footnote a in Tables 1 and 2 exhibits results that do not conform to this trend.
Examination of Table 1 shows that the high value of R % for this paper (when compared to the other papers)
is entirely due to the high value of the within-laboratory variability for this paper. There is no evidence to
suggest that the between-laboratory variability is any higher for this paper (in terms of the percentage of the
mean) than for any of the other papers tested in this study.

This was confirmed in the analysis by the within- and between-laboratory standard deviations. The values of
the within-laboratory percentage standard deviation of the mean display the same pattern as the values of » %

1) International Standard withdrawn.

10 © ISO 2009 — All rights reserved
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(as expected) but the values for between-laboratory percentage standard deviation of the mean, do not
indicate an unexpectedly high value for this paper.

The results for this paper demonstrate that the values for » and R obtained from this study may only be
applicable to the papers tested in this study.

9.5 Results of an international collaborative study (Study 2)

A second international inter-laboratory collaborative study was conducted in 2005 to estimate the » and R
values for special cigarette and tipping papers, having artificially induced permeability by means of oriented,
extended or discrete zones of perforation and banded papers. This study also included standard (naturally
permeabte)—cigarette—and—plug—wrap—papers;—attowing—comparisormr—with—theresuits—previoustyobtained. For
each paper type, one measurement is the average of ten individual readings made at different positions on
one strip of the paper. Five replicate measurements were made on different days using a| new sample
selected from each paper type.

Table 3 — Repeatability and reproducibility limits for Study 2 — Papers‘with low permeability

Mean 4P Repeatability | Reproducibility r R
it . limit limit
Sample description [cm3-(min~1-cm™2) as a percentage of

at 1 kPa] r R mean AP
Bandgd cigarette paper 5,52 3,97 513 71,92 92,93
Naturally permeable cigarette paper 31,75 3;30 3,70 10,4p 11,72
Cigarette paper with extended 99,00 8,78 17,66 8.8] 17,84
permdable zone 202,00 9,02 13,78 4,44 6,82
Cigaregtte paper with discrete permeable 341,79 34,46 40,18 10,08 11,76
zones 744,30 48,61 67,56 6,5 9,08

1:013,90 44,42 73,02 4,3 7,20
Filter Joining paper

3 709,80 141,00 533,08 3,8 14,37
Filter plug wrap 11171,14 1423,69 1782,06 12,74 15,95

The values for r and R given-in Table 3 may only be valid for the particular papers used. It is npt practical, in
the cpntext of collabaerative studies, to conduct repeat tests on the same test piece. Therefore, the
inhomogeneity in the‘test pieces contributes to the within-laboratory and between-laboratory variances.

s conducted.

attempt to-minimize the impact of the sample variability, a second inter-laboratory test wg

€ . emen v es—tsed for each
rephcate were nommally identical and hence the r values obtalned for each paper type were much lower than
those obtained in the initial study.

NOTE 1 On a routine basis, a sample should not be measured more than once at the same position because of the
risk of sample damage. However, for this test, special instructions and care were applied to avoid such damage, thus
allowing the sample variation between replicates to be minimized.

The results of this second inter-laboratory study are given in Table 4.

NOTE 2 Banded cigarette paper was excluded from this type of trial because of the difficulties experienced when
attempting to measure this paper several times at one position on the paper.
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Table 4 — Repeatability and reproducibility limits for Study 2 — All papers

Mean 4P Repeatability | Reproducibility r R
inti . limit limit
Sample description [cm3-(min~T-cm™2) as a percentage of

at 1 kPa] r R mean AP
Naturally permeable cigarette paper 30,99 0,49 1,47 1,58 4,74
Cigarette paper with extended permeable 100,37 1,04 18,18 1,04 18,11
zone 208,69 2,92 45,96 1,40 22,02
Cigarette paper with discrete permeable 347,89 6,49 17,50 1,87 5,03
zones 754,35 13,46 42,23 1,78 4,60

1 006,50 9,28 26,85 0,92 2,67
Filter joining p@per

3718,39 38,16 475,68 1,08 12,79
Filter plug wrap 10 710,06 122,91 833,22 1,15 71,78
9.6 Statistical discussion of » and R results for Study 2
From the reqults of the analysis shown in Table 3 it can be seen that,ig\general, both » and R,|when

compared as
for r and R, W
Filter plug wra

From the an
percentage o

closer to the actual repeatability of the method (but still includes some component of sample variability

differences in

The R valueg
proportion of
samples of th
some papers

paper) show a high variability between the_.samples measured at different laboratories.

NOTE Fo
were randomiZ
identical sampl

variability withif the sample bebbin.

Sample-to-sa
and between/
Table 3, and {

A percentage of their mean value, are highest for the lower pgermeability papers, with a ten
p and low permeability, discrete zone cigarette paper are-exceptions to this trend.

blysis of the results of the second study, shown\in Table 4, the r values, expressed
the mean permeability value, are seen to beapproximately 1 % for all papers. This v

AP along a sample strip).

5 show considerable differences between paper types. These results indicate that a
the within-laboratory variation seen‘in Table 3 is due to the permeability variability be
e same type of paper. Further, the between-laboratory values support this view and sho
(particularly cigarette paperstwith extended permeable zones and high permeability filter j

these series of inter-laboratory studies, all samples of one paper type were taken from one bobk
ed before being distributed for the trial. Hence, all laboratories would be expected to receive no
es. High R values-indicate larger sample-to-sample variability between the laboratories and hence ¢

mple and\within-sample variability can thus be seen to have a significant influence on the
laboratery variabilities for the measured AP and, as such, reinforces that the results qug
he R results in Table 4, may only be directly applicable to the actual samples measured.

10 Test report

dency
hen expressed as a percentage of the mean, to decreaseras the mean permeability incr¢ases.

as a
lue is

Hue to

major

tween
w that
oining

in and
minally
larger

ithin-
ted in

The test report shall show the method used and the results obtained. It shall also mention any operating
conditions not specified in this International Standard, or regarded as optional, as well as any circumstances
that may have influenced the results.

12
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The test report shall include all details required for complete identification of the sample. Specifically, the test
report shall contain the following:

a) date of sampling and sampling method;

b) identification and full description of the material tested, stating the properties (e.g. nature, width) of
samples having oriented zone permeability;

c) date of testing;

d) precise and full measuring conditions (particularly if blowing or sucking has been used) and those
deviating from this International Standard or any events that are likely ta have affected the results;

e) the conditioning atmosphere and period of time for conditioning;

f)  bparometric pressure at the time of testing;

gsults in air permeability (4P) units [cm3-(min—1-cm=2) at 1 kPa];

(o]
-
=

2
o)

ementary statistics relating to the results:
— number of measurements;

— mean and standard deviation values.
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Annex A
(normative)

Leak testing of test piece holder

A.1 General

The perform
filter plug wr
conducted in

However, thig
the mating faq
A.2 Proce
Seal the air fl

Operate the
sample has b

Record the I¢akage rate as indicated by the instrument. The' mating faces of the measuring head

assembly shqg

Repeat this p|
be defective.

The readings

The principle

ince testing of instruments for measuring air permeability of materials used as cigarettep

p and filter joining paper (including materials having an oriented permeable zone) sh
hccordance with manufacturers' instructions.

annex describes a general test for assessing the value of any leakage (see(3:3) of air be|
es of the measuring head assembly.

Hure

bw path to the atmosphere from the measuring head assembly:

ben placed between the mating faces of the test piececholder clamp assembly.

Il create a seal, such that a flow measurement.6f no greater than 2 cm3-min—"1 is recorded.

Focedure five times. If any value is greater than 2 cm3:min~1, the clamp assembly is deen

shall be noted and reported with results of each test.

bf measuring the test piege holder clamp assembly leakage is illustrated in Figure A.1.

apers,
all be

tween

nstrument in the normal manner to make an air permeability measurement ensuring that no

clamp

hed to

14
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Key

1 tesgt piece holder

2 segpled air flow path to atmosphere
3 segling faces

4  aif flow measuring device

Figure A.1 — Leak testing-of test piece holder

© 1SO 2009 — All rights reserved 15


https://standardsiso.com/api/?name=64b4a31130fe81f59846e67129935277

ISO 2965:2009(E)

B.1 Essen

Air permeabil
permeability g

having discrefe or oriented permeable zones and materials with bands of differing permeability).

The calibratio
exit of the stq
the standard 4

The calibratio
necessary, cd
of 0,5 %.

NOTE 1 Co
linear pressure

NOTE 2  Thg
approximately
greater than 0,
NOTE3 Se

The precise ¢
in which they

The calibratipn standards shall be~supplied with unique serial numbers and a traceable certific

calibration (se

B.2 Proce

B.2.1 Gene

Annex B
(normative)

Calibration of air permeability standards and
air permeability measuring instruments

ial ties_of calibrati ard

ty calibration standards are used to calibrate measuring instruments for the determinatior
f materials used as cigarette papers, filter plug wrap and filter joining paper (including ma

h standard shall have a known and repeatable value of volumetric air flow as measured
hdard, when subjected to a specified (1 kPa) static pressure. The flow:pressure character
shall remain constant and shall be largely unaffected by changing atmospheric conditions.
n standard shall be inscribed with the value of volumetric air flowy(at 1 kPa, corrected and,
mpensated to the standard conditions of 22 °C and 1 013 hPa/ quoted to a minimum ac
mpensation for the effects of atmospheric pressure will be necessary if the calibration standard has

flow characteristic.

e linearity of a calibration standard may be confirmed by measuring the flow at a differential pres
D,75 kPa and 1,25 kPa. A standard may be considered to be linear when factor k£ (see Equation
5.

e Annex E for guidance on the compensation of non-linear standards.

pnstruction of these calibrationistandards depends upon the design of the air permeability
are to be used.

e B.6)

Hure for calibration of standards

ral

The laborator

of air
terials

at the
stic of

where
turacy

a non-

sure of
D.6) is

meter

hte of

i fnefing nfmnephnrn shall be controlled in accordance with 1SQ 187 In laboratories und

ble to

use the conditions given in ISO 187, the conditions 22 °C £ 1 °C and (60 £ 2) % RH given in this International
Standard and ISO 3402 may be used. The conditions used shall be stated in the certificate of calibration
supplied with the standard.

The standard shall be held in a calibration test holder, the mechanical arrangement of which shall not alter the
characteristics of the standard.

The air flow through the calibration standard may be produced by applying a positive or negative pressure, for
blowing or sucking instruments respectively, to one side of the calibration holder. The direction of air flow
through the calibration standard shall be that which would occur when it is used to calibrate an air permeability
measuring instrument.
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The ambient atmospheric conditions and the volumetric air flow, temperature and pressure shall be measured
at the exit of the calibration holder containing the standard. Depending upon the type and operation of gas
calibrator employed and the intrinsic properties of the calibration standard, appropriate mathematical
corrections shall be applied to correct the volumetric air flow to the standard conditions of 22 °C and
1013 hPa.

NOTE Correction and compensation of the volumetric air flow is discussed in Annex E.

A schematic diagram of a typical calibration holder is shown in Figure B.1.

C

el TSa

I
I

1 ca]ibration standard

@  High pressure.

b Ldw pressure.

¢ Measuring pressure difference.
d  Aifin.

€ Aifout.

Figure,B.1 — Apparatus for calibration of standards (schematic)

B.2.2 Method 1

The flow shall be adjusted such that a constant pressure of 1,000 kPa + 0,005 kPa is applied across the
calibrttion standard. Using a gas calibrator that does not generate a systematic influencg on the flow
measyrement, measure the volumetric flow at the exit of the standard and the temperature and pressure of
the air in the calibrator.

Repeat this procedure five times with each calibration standard to be calibrated. The value to be ascribed to
the calibration standard shall be the mean of the five volumetric flow rates at standard conditions.

B.2.3 Method 2

Adjust the flow such that a constant pressure is maintained, in turn, at 5 % to 10 % above 1 kPa and at 5 % to
10 % below 1 kPa. At each point, the corresponding pressure drop across the calibration standard shall be
recorded to the nearest 0,005 kPa. Using a gas calibrator that does not generate a systematic influence on
the flow measurement, measure the volumetric flow at the exit of the standard and the temperature and
pressure of the air in the calibrator.
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A minimum of two measurements shall be made at each flow setting. The value to be ascribed to the
calibration standard is the interpolated value of volumetric air flow at standard conditions when the pressure
drop across the standard is at 1,000 kPa.

B.3 Calibration of instruments

The calibration and performance testing of instruments for measuring the air permeability of materials used as
cigarette papers, filter plug wrap and filter joining paper (including materials having an oriented permeable
zone) should be conducted in accordance with manufacturers' instructions.

B.4 Principle

To obtain thg best accuracy, the instrument shall be calibrated over its specified range of-méasurgment.
Calibration shall be undertaken at measurement values corresponding to individual transducing elements
used to achieye the instrument's measurement range.

B.5 Procedure

[

Follow the prgcedure given in the instrument manufacturer's instructions. A-typical procedure is as follow

— Install the calibration standard and allow it to equilibrate to the temperature of the measuring air.

— Connect fa reference manometer into the measuring circuit<te *‘monitor the pressure drop applied across
the calibration standard. The maximum relative error of thereference manometer shall be less than|0,5 %

for any neasured value.

— Establish| an approximate pressure difference within"the range of 1,0 kPa + 0,1 kPa across the calikiration
standard

— Adjust the instrument's measurement system to display the exact value indicated on the refgrence
manomefer.

— Disconndct the reference manometer and seal the connection point.

— Adjust the pressure drop~across the calibration standard to 1,000 kPa + 0,005 kPa and adjupt the
instrument's measurement,system to display the value inscribed on the calibration standard.

— Repeat the above step for each of the calibration standards.

— Return tHe instrtument to its measurement mode and make an air permeability measurement on each of
the calibration* standards to check that the measurement is within the tolerances of calibration of the

Callbratlc stfandardc and tha maaciiramant cnacification-of-the instrumant
HotaRcaraSahathRe-eaStremeRt-SpeciHeaHoR-o eSSt HRRe Rt

B.6 Calibration certificate

Each air permeability calibration standard shall be supplied with a calibration certificate that gives the unique
reference number and assigned value for the standard. Additionally, the calibration certificate shall include
information concerning the conditions of calibration and any calculations made in correcting or compensating
the measured air flow value to the assigned value (under standard atmospheric conditions).
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The certificate shall include all information necessary for the user to identify and apply the calibration standard,
including (but not limited to) the following:

— ambient temperature, relative humidity and atmospheric pressure at the time of calibration;
— the volumetric air flow, gas temperature and pressure at the exit to the standard;
— the differential pressure across the standard at the time of calibration;

— the assigned (corrected and/or compensated) value of volumetric air flow;

—

I[ C ul;ffclclltidi MICosuUrc dt VVilib;l ti I aaaiyllcd vaiuc app“ca,

— the standard atmospheric conditions to which the assigned air flow has been corrected;
— the correction and compensation formulae used with full explanation of any symbols’used;
— the date of calibration;

blibration technician's identification/name.

|
(¢
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Annex C
(informative)

Determination of relevant surface leakage of
test piece in the test piece holder

C.1 General

Surface leakage is aspirated from the surrounding atmosphere or escapes into it, unintentionally;-pgst the
sealing surfade of the test piece holder.

The principle pf measurement of relevant surface leakage is illustrated in Figure C.1.

—

\‘ZI\' | 7
~—1 I/ |

A _\8

o

9
Key
1 applied wejght 6 pressure-measuring device
2 inlet cavity 7 test material
3 test piece holder 8 non-permeable membrane
4 outlet cavity 9 outlet orifice
5 syringe

Figure C.1 — Principle of measurement of surface leakage

20 © ISO 2009 — All rights reserved


https://standardsiso.com/api/?name=64b4a31130fe81f59846e67129935277

ISO 2965:2009(E)

C.2 Procedure
Determination of the relevant surface leakage can be carried out as follows.
— Connect a calibrated syringe to the inlet side of the test piece holder.

— Connect a manometer to the junction of the syringe and the inlet side of the test piece hol
that all connections are air-tight.

der, ensuring

— Insert a sample of the test material to be measured and a non-permeable membrane covering the whole
test area, including the sealing surfaces, in the test piece holder. Ensure that the test material faces the

Igak relevant to the determination of air permeability is considered.

— (lose the test piece holder and weight the syringe to apply a pressure of approximately]
bper cavity of the test piece holder.

C

|
=i

ime should be chosen such that an accurate assessment of surface leakage is possible.

e : 4l - ol ol =T 1ol 1 1 1 1
Ir IUt erVIty Ul tl Ic tcbt PICLE TIUIUCT. TTIC TIUTI=PCTITICabIC TTCToraric Crisurcs illdt oy tlldt p:ll't Of the tOta|

1 kPa to the

easure the leakage flow by timing the change in position of the piston in the syringe. A suifable length of

— The pressure at the inlet side of the test piece holder should be ‘monitored throughout fthis time and

f the test piece

should remain close to 1 kPa.

— Any change in pressure may indicate unacceptable resistance in the syringe, in which [case the test
should be repeated.

NOTE This test can also be performed omitting the non-permeable membrane and sealing the outlet ¢

holder
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