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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Paper and board — Determination of air permeance
(medium range) —

Part 6:
Oken method
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Note

Scope

part of ISO 5636 specifies the Oken method for determining the air permeance and ai
per and board. There is no limitation on the measuring range of air permeafice or air r
rs and boards. It is unsuitable for rough-surfaced materials, which cannotbe securely
1 leakage.

Normative references

following documents, in whole or in part, are normatiyély) referenced in this docum
pensable for its application. For dated references, only the edition cited applies. H
ences, the latest edition of the referenced document, (inicluding any amendments) appli

18, Rubber, vulcanized or thermoplastic — Determination of hardness (hardness between
RHD)

| 86, Paper and board — Sampling to deterniine average quality

187, Paper, board and pulps — Standard atmosphere for conditioning and testing and p
toring the atmosphere and conditioning of samples
Terms and definitions

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

h air flow ratevthrough unit area under unit pressure difference in unit time, und
itions

1 to entry: Air permeance is expressed in micrometres per pascal second [1 ml/(m2Pa-s) =1y

r resistance
psistance of
clamped to

ent and are
or undated
bS.

(0 IRHD and

rocedure for

er specified

m/(Pa - s)].

Note

2+t0 entry: This property is called air permeance and not air permeability because it is report

ed as a sheet

property and 1s not normalized with respect to thickness to give a material property per unit thickness.

3.2

air resistance
time required for a specific volume of air under unit pressure to pass through unit area

Note

1 to entry: Air resistance is expressed in seconds per 100 millilitres (s/100 ml).

4 Principle

A test piece is clamped between a circular gasket and an annular flat surface of known dimensions. The
absolute pressure on one side of the test piece is equivalent to atmospheric pressure. The air pressure
on the inlet side of a narrow capillary of controlled dimensions is maintained at a constant value above
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atmospheric pressure. The air passes through the capillary and then the test piece. The air pressure
between the capillary and test piece depends on the permeance of the test piece. It is measured and
converted to air permeance.

5 Apparatus

5.1 Air resistance apparatus (Oken tester)

Use either the water column type described in 5.2 or the electronic sensor type described in 5.3.

5.2 Wate

5.2.1 The
regulator (5
scale plate (

r column type

water column type (see Figure 1), consists of an air compressor (5.2.1.2), filterqater col
.2.1.3), capillary (5.2.1.3), water column manometer (5.2.1.4), measuring head' (5.2.1.1)
5.2.1.4).

52.11 T

e measuring head, consists of clamping plates and a rubber gasket: The clamping plate

umn
and

5 are

at the base ¢f the apparatus and connected to the pressure measuring chambenrby a tube. The equipient

shall have

means of tightening the clamping plates together which might be a capstan (jacksc

arrangemerjt or a pneumatic system. The recommended clamping force-is/(180 * 30) N. This mecha
provides a technique to give uniform loading and thus minimize the eperator influence on the te
controlled dlamping force is the preferred method of clamping the test piece.

A rubber galsket is inserted concentrically into a groove in the upper surface of the lower clamping |

to prevent
of a thin, eld
of 1,5 mm
accordance
is (34,50,

The apertut
protect the
is concentr
and an outs
(0,5+0,1) 1
the concent
regular intg

akage of air between the surface of the paper‘and the clamping plate. The gasket con
stic, non-oxidizing material, having a smooth.surface, rectangular cross section, a thick
0 2,0 mm, and a hardness of (50 + 10) IRHD (international rubber hardness degree
with ISO 48. The inside diameter of the,gasket is (28,3 + 0,3) mm and the outside dian
5) mm.

e of the gasket is concentrically aligned with the aperture in the clamping plates. To align
gasket in use, it is cemented to a groove machined in the lower clamping plate. The gr
¢ with the aperture in thesepposing plate, has an internal diameter of (28,60 + 0,15)

hm less than the thickness of the gasket when mounted. The gasket, when mounted iy
ric groove, definesthe/measurement area (642 mm? area). The gasket should be chang
rvals.

5.2.1.2 The air compressor and regulator, supply compressed and filtered air. The air is controll

approximat

ely 10 kRa'by the air regulator.

5.2.1.3

water columinregulator consists of a water tank with an internal diameter of a
a height of approximately 700 mm and a constant pressure chamber with a side tube. The open end of the

side tube is

The filter water column regulator and capillary, provide a constant pressure. The
roximately 100 mm

(500 = 0,5) mm below the water surface.

rew)
nism
st. A

blate
Kists
ness
S) in
eter

and
bove
mm

ide diameter of (35,5 +-0,5) mm. The depth of the groove with a square bottom shall be

side
pd at

bd to

Filter
and

The air at approximately 10 kPa introduced into the constant pressure chamber is controlled to
(4,90 + 0,01) kPa [(500 = 1) mmH70] and transferred to the pressure measuring chamber through the

capillary.

The capillary consistsofanarrowtube made of stainless material with an inner diameter ofapproximately
0,4 mm and a length of approximately 54 mm. The capillary length shall be strictly adjusted so that
the time required for the passage of 100 ml of air through the capillary under a pressure difference of
1,23 kPais equal to 100 s (see A.2 for adjustment of the capillary length).
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5.2.1.4 The water column manometer and scale plate, comprise the pressure measurement system.
The water column manometer is connected to the water tank at a depth greater than 500 mm below
the surface of the water in the water tank by a pipe with a diameter large enough (with a minimum of
3 mm) to allow water to transfer smoothly between the manometer and water tank. The manometer is
connected to the measuring head and capillary. The scale plate for reading air resistance is marked in the
units of seconds per 100 millilitres. The scale shall cover the range 0 s to 5 000 s with a scale reading of 0
ata pressure drop of zero (0 mmH70), a scale reading of 100 s/100 ml at the midpoint 250 mm below the
surface level in the tank and infinity (oo) at a pressure of 4,90 kPa (500 mmH;0).

NOTE High or low air resistance types of Oken tester with different capillary dimensions or measurement
areas are available for shorter measurement time or higher precision. However, these types of Oken tester are out
of thf scope of this part of [SO 5636.
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Key
1 1ir COmPressor Q Craln pl;‘.t“
2 filter 9  testpiece
3 regulator 10 measuring head
4  filter water column regulator/constant pressure chamber 11 example of scale plate
5 capillary p1 approximately 10 kPa
6  water column manometer/pressure measuring chamber p2 4,90KkPa
7  water tank

Figure 1 — Diagram of water column type Oken tester
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5.3 Electronic sensor type

5.3.1 The electronic sensor type (see Figure 2), consists of a measuring head (5.3.1.1), air compressor
(5.3.1.2), filter, regulator (5.3.1.2), capillary (5.3.1.3), pressure sensor (5.3.1.4), sensor amplifier (5.3.1.4),
and digital display (5.3.1.4).

5.3.1.1 The measuring head, consists of clamping plates and a rubber gasket. The structure is the
same as the measuring head (5.2.1.1) for the water column type.

5.3.1.2 The air compressor and regulator, are the same as the air su system (5.2.1.2). The

e constant pressure chamber and capillary, are the same as those for the water column
type (5.2.1.3). Air at the pressure controlled by the regulator is transferred to the measuringhead through
the capillary

o~

5.3.1.4 TIle pressure measuring chamber, electronic pressure sensor, @mplifier, and digital
display, copnprise the electronic sensing system. The digital display shows thepressure of the pregsure
measuring ¢hamber and the air resistance calculated from the pressure (seé.A.3), as units of kiloPascal
(mmH30) apd second per 100 millilitres.

1 2 3

/ / »

“
LTI
‘\

7
Key
1 air compressor 7  amplifier/digital display
2 filter 8  testpiece
3 regulator 9  measuring head
4  constant pressure chamber p1 approximately 10 kPa
5 capillary p2 4,90 kPa
6  pressure measuring chamber/electronic pressure

sensor

Figure 2 — Diagram of electronic sensor type Oken tester
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6 Sampling

If the mean quality of a lot is to be determined, sampling shall be in accordance with ISO 186. If the
tests are made on another type of sample, make sure that the test pieces taken are representative of the
sample received.

7 Conditioning

Condition the sample in accordance with ISO 187.

8
Prep

Cut
area

hand
100

If th
requ

9

Preparation of test pieces
are the test pieces in the same atmospheric conditions as those used to condition/the s

hot less than 10 test pieces and identify their two sides, for example, side(? and side
shall be free from folds, wrinkles, holes, watermarks, or defects not inhérent in the saf
lle the part of the test piece which will become part of the test area, An-adequate test
mm x 100 mm.

E mean air permeance measured on the two sides is significantly different and if this ¢
ired to be shown in the test report, 10 tests are required for{each side.

Calibration

Cali

Che
bet
doe
for

rea
sug

10
Carr
Test

Afte
with

rate the apparatus according to instructions of thé-manufacturer.

k the pressure of the water column manometer or digitally displayed pressure with n
een the clamping plates. It should be reading zero (0 + 0,01) kPa [(0 £ 1) mmH30]. If the
not read zero, adjust the water level by)pouring water into the water tank. Check th
ir leakage by clamping a thin sheet of smooth, rigid, impermeable material. The press
ing a value higher than 4,88 kPa {498 mmH;0). If the value is less than the specifie
esting air leakage, check possible defects in the clamping plates, rubber gasket, and
ired or replaced with new ores.

Procedure
y out the test in the'same atmospheric conditions as those used to condition the samplg
5 shall be pefformed according to the instructions of the manufacturer.

' the calibration process in Clause 9, test a minimum of 10 test pieces, five with side 1
sidetl-down.

Clampp7a test piece between the clamping plates. Read the air resistance value of the w4

nmple.

2. The test
nple. Do not
biece size is

lifference is

o0 test piece
water level
b apparatus
ure shall be
d pressure,
tubes to be

v

up and five

iter column

man

ometer or digital display after the indication becomes stable.

Repeat the procedure until five valid measurements are obtained for each side.

Obtain the mean value of the 10 tests and also for the two sides separately.

If the mean air permeance measured on the two sides is significantly different (more than 10 %) and if
this difference is required to be shown in the test report, 10 tests are required for each side.

© ISO 2015 - All rights reserved
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11 Expression of results

11.1 Calculation of air permeance

Calculate the air permeance, P, in micrometres per pascal second, to two significant figures, from

Formula (1)

127
Ly

P

where

M

ty ist
Formula (1)
value and a

NOTE1 T
because the
pressure dif

NOTE 2
Annex A.

A

If required,

11.2 Repd
Report the

If the air r
correspond

11.3 Stang

If the stan
permeance

If the result
or coefficiel

he mean value of the air resistance in seconds by the Oken tester.

is based on a mean pressure difference between 0 and 4,90 kPa depending on the meas
test area of 642 mm?2.

he coefficient of Formula (1) for the Oken tester is different from that for'the Gurley appa
erence of 1,23 kPa, which was specified in ISO 5636-5:1986.

ir resistance (Oken) can be converted to air resistance (Gurley) using the conversion formula giv

calculate the mean air permeance for each side separately.

rting the results
hir permeance to two significant figures.

esistance is required, this shall be reported as “Air resistance (Oken)” in seconds
5 to ty defined in 11.1. Report the air.pesistance to two significant figures.

lard deviation and coefficient of variation

lard deviation or coeffieient of variation is required, first calculate the individua
for each test piece and from them, the standard deviation and coefficient of variation.

s for the two sides ofthe samples are reported separately, calculate the standard deviaf
1ts of variation forthe two sides separately.
pport

ortshall include the following information:

hred

ratus

Calibration is based on 100 ml of air, at room pressure, passing through thé test piece measured at a

en in

that

[ air

ions

nce to this part of ISO 5636, i.e. ISO 5636-6;

12 Testr
The test rej]
a) areferg
b)
c) allthei
d) the con
e)
f)
g)
h)
6

the date and place of testing;

nformation necessary for complete identification of the sample;

ditioning atmosphere used;

the number of test pieces tested, as specified in Clause 10 and 11.1;
the type of Oken tester used;
the mean air permeance or permeances, as specified in 11.2;

if required, the air resistance or air resistances, as specified in 11.1;

© ISO 2015 - All rights reserved
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i) ifrequired, the standard deviation or coefficient of variation or the values for each side, as specified
in 11.3;

j) any deviation from the specified procedure which might have affected the result.

© IS0 2015 - All rights reserved 7
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Annex A
(informative)

Measurement principle of air resistance (Oken) and its relation to

air resistance (Gurley)

The princimmmmvﬁmﬁmmmﬁrgm&mg the
scale plate ¢r display air resistance digitally and the formula for conversion from air resistance (Ofken)

to air resist

A.1 Defii

Before ISO
resistance
room press
test piece.

In ISO 563
V=100 ml

The Oken te
air behaves|
now as timg

ance (Gurley) will be described below.

nitions of air resistance (Gurley) and air resistance (Oken)

5636 was established, the Gurley tester was supposed to be designed to measur¢ air
Gurley) tg, that is, time in seconds required for the volume V/; = 100-ml of air, measur¢d at
ire, under the pressure difference pg = 1,29 kPa to pass through.a'tést area of 642 mm? of a

H-5:1986, air resistance (Gurley) tgi19g6 was redefined-as/time required for the volume
of air under the pressure difference pg19g6 = 1,23 kPa.to pass through the test area.

ster is designed or calibrated according to the definition of ISO 5636-5:1986 assuming|that
as a laminar flow. In ISO 5636-5:2003, air resistance (Gurley) t52003 was redefined dgain
required for the volume Vi = 106 ml of air under the pressure difference pg2003 = 1,24 kPa

to pass thrgugh it. However, for the same test piece, theilmeasured air resistance (Gurley) (s) has been

the same v4
seemed tha

The conver
following th
{61986, Nam

A2 Adju

The air flow
to the press|
also expres

lue through the ISO revisions because the tester design was unchanged. In short, although it
L t; or tg1986 Was measured, whereas inpractice, it was tg2003 that was measured.

sion formula from the measured pressure p to air resistance (Oken), tg, is determjined
e definition of t51986. Therefore, dir resistance (Oken), tk is equal to air resistance (Gufley)
bly, tx = tG1986, by definition.and not equal to tg or t52003-

stment of the capillary length of the Oken tester
F rate Q (ml/s) through the capillary from the constant pressure chamber at the pressufe p,

ure measurement chamber at a pressure p is equal to the air flow rate through the specimen,
ced as Q (ml/s), when the relevant air volume is measured at room pressure (See Figures 1

and 2). A rate of lantinar air flow would be proportional to the pressure difference and Formulae {A.1)

and (A.2) apply.

0=k (12p) A
Q=kgp (A.2)
where

kcand kg are the coefficient of air flowability [ml/(s kPa)] of the capillary and the test piece,

respectively. ks is assumed to be specific to the test piece, and not dependent on the
pressure p.

For air resistance (Gurley) tg1986 and air flow rate Q1986 (ml/s) in the Gurley condition specified in
1986 (1,23 kPa and 100 ml),

Q1986 =KsPG1986 (A.3)

© ISO 2015 - All rights reserved
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tG1986 =

ISO 5636-

100
kspg19s6

V61986 _
Q61986

6:2015(E)

(A4)

When Formula (A.1) and subsequently Formula (A.2) are substituted into Formula (A.4), Formula (A.5)
is obtained.

100p 100p 100
tG1986 = % (P _p = =Kg1986 (A.5)
QPc1986 c( c” )PG1986 cPG1986 Pc —P Pc—p
where
100
Ke1086 =7 (A.6)
cP 61986

For the Oken tester, the scale is graduated so that tx = 100, namely, tg1986 = 100t P = 0}5p.. In this
condition, Formula (A.5) leads to K51986 = 100 and Formula (A.6) leads to

k.= ! (A7)

Pg1986
Thisjmeans that the capillary length shall be adjusted so that k. satisfies Formula (A.7).In this case,p=0
and Formula (A.1) become Q=k,p.. By definition, the time, t (s)required for the passage pf 100 ml of
airigsuchthat t = 100 = k100 and when thisrelationship issubstituted into Formula (A.7), Fqrmula (A.8)
CpC

is oHtained.

4=100261986 (A.8)

Pc

Therefore, the capillary length should be adjusted so that t = 25,1 s, which is calculated by gubstituting
pG19B6 = 1,23 kPa and p. = 4,90 kPa into Formula (A.8).
A.3| Graduation of air resistance (Oken) from the measured pressure
If the relationship between pressure difference p and air resistance (Oken), tk, is known, graduation on

thes

cale plate or digitaldisplay of tywillbecome possible. Thisrelationshipis t y =t;19g6 =K

11986
pc —-p

as shown by FormlaT(A.5). If a pressure difference p is expressed in water surface depth in the water

colu

The
300

mn manometer, p. = 500 mmH,0 (equivalent to 4,90 kPa). K = 100 is adopted for the
00p

efore,_the’ conversion formula ty = applies. For example, a water surfad

mmMH70 corresponds to tx =100 x 300/(500 - 300) = 150 (s).

Dken tester.

e depth of

A.4 Conversion from air resistance (Oken) to air resistance (Gurley) and air
permeance

If the definition of tg;,q03 is represented like Formulae (A.3) to (A.6), Formulae (A.9) to (A.11) are
obtained as follows:

Q62003 =Ks P2003

tG2003 =

106

ks PG2003

V62003 _
Q62003

© ISO 2015 - All rights reserved
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tG2003 = 06p _ 106p 106 P__ K 2003 P (A.11)
QPc2003  ke(P.—P)Pgaoos  KePgao03 Pe—P pPc—p
where
Kgyggs = —20 (A12)
kP 62003

The formula of conversion from air resistance (Oken), tx, to air resistance (Gurley) tg2003 is obtained by
the following process. For a test piece of air flowability kg, air resistances measured with the two testers

100 106
are from Formulae (A.4) and (A.10), t ;1996 = ——— and t;p993 =——, respectively. Thesd two
ks P1986 ks PG2003
formulae arje combined and give
106t p
t 62003 = 61986 (1986 (A.l?))
100162003

If pg1986 = 1§23 kPa and pg2003 = 1,22 kPa are substituted into Formula (A.12), Forimula (A.14) is obtained.

106x1,23
t 4 ———"¢t =1,07¢ =1,07t A.14
62003 100x1,22 61986 61986 K (4.14)

Formula (Af14) is the conversion formula.

To calculatg air permeance P [ml/(m2-Pa-s)] from air resistance (Oken) ,tk, Formula (A.15) is applief.
P 00 _ 100 _ 127 @4.15)
Note that tHis formula is different from the formulatfor air resistance (Gurley) t52003 which is
P 106 106 ~135,3 A.16)

Ap02003t62003 - 0,000 64‘2X1,22X1 OOOXt62003 a tGZOO?y

10 © IS0 2015 - All rights reserved
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