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INTERNATIONAL STANDARD

1SO 11004:1992(E)

range

Paper and board — Determination of air permeance — Low

nternational Standard specifies a method of
determining the air permeance of paper and board
in the low air permeance range.

he method is applicable to all papers and boards

an air permeance of less than
~ ' umj(Pa- s) when determined under the
pecified conditions. For air permeances greater
han this, methods such as those specified in the
S0 5p36 series are recommended (see annex B).

ormative references

is International Standard. At the time of publi-
, the editions indicated were valid. All stan-

are subject 1o revisioniand parties to
ments based on this International Standard

regislers of currently-valid International Standards.
1ISO 1P

6:1985, Paper and board — Sampling to deter-
mine

verage quality.

ISO 1B7:4990, Paper, board and pulps — Standard

ditioning 07' samples

3 | Definition

For the purposes of this International Standard, the
following definition applies.

3.1 air permeance: The mean flow of air through
unit area under unit pressure difference in unit time,
under specified conditions.

It is expressed in micrometres per pascal second:
[1 mlj(m®Pa-s) =1 jim/(Pa-s)].

NOTE 1  Although,the micrometre pel pascal second is
the standard unit\for air permeance, because of the low
air flows invalved it may be more convenient to express
the results in nanometres per pascal second:

[0,000m}/(m*Pa-s) = 1 nm/(Pa's) ].

4 Principle

A test piece is clamped between cirgular plates and

the air flow through the paper undgr specified con-
ditions is measured.

5 Apparatus

51 Air-flow meter, consisting of three flowmeters
covering a total range of 0,02 mifs|to 20 mi/s with
an overlap between the flowmeters |of at least 20 %
of the full scale. Each flowmeter is palibrated fo an
error of less than 2 % of its full-scale value.

The flowmeters are fitted with stops for the rotors
at both their upper and lower ends,|the stops being
designed to prevent interruption of the air flow.

The ﬂowmeters are connected |n series, the small-

vith-itslupper end open
and air only bemg able to ﬂow in the direction of the
smallest to the largest.

NOTE 2 Some instruments are provided with a capillary
air-flow meter to be used when testing very dense papers.
The capillary, which is placed harizontally and is used in
place of the flowmeters, is about 1 mm wide and has two
marks about 200 mm apart. The volume between the two
marks should be known with an error of less than 2 %.
From a side tube, a droplet of butanol can be passed into
the capillary tube by means of a rubber bulb and the time

the droplet takes to pass between the two marks is used
to determine the air flow.
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5.2 Manometer, consisting of a U-tube filled with
mercury and fitted with a vertical scale graduated in
millimetres.

WARNING — Mercury is a hazardous substance and
suitable safety precautions are necessary.,

5.3 Test piece holder (see figure1), consisting of
two circular plates, the lower one adjustable and the
upper one fixed. Each plate has a groove 1,80 mm
to 1,90 mm deep around its periphery into which is
fitted a smooth rubber sealing ring so as to enclose
an area_of 50 cm®, cotresponding to an internat di-

each is interrupted in at least two places to allow
ajr to pass between the chambers that they form.
The upper plate has a central bore through which
compressed air is fed and which is connected to the
other limb of the manometer {see figure 2}.

NOTE 3 All connection tubes should be of a sufficient
diameter and length to prevent leakage and flow re-
strictions due to kinks.

5.4 Air compressor, with a capacity of at least
50 cms/s and the minimum pressure difference be-
tween inlet and oullet being at least 20 kPa.

ameter|of 79,8 mm £ 0,1 mm. The rubber ring is
rectanglilar in cross section being about 5§ mm high
and at {east 3 mm wide and has a Shore hardness
of about 80.

The lower plate has a central bore which is con-
nected fo the gir-flow meter and one limb of the
manomeéter. The lower plate has a series of con-
centric bars to support the fest piece. The bars have
a triangplar cross section and a height of 3 mm and

The compressor shall be installed| so that the

‘flowmeter readings are not affected by vibrations.

5.5 Calibration device (see.annex A),

6 Sampling

Samples shall be taken in accordance With 1ISO 186.

|
A Bore connected fo alr compressor and manometer
B Upper plote
C  Bore connected to rotameters and manometer
D Lower plate
E Universal Jolnt
G Rubber rings

Figure 1 — Test piece holder
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' Regulating valve J
Test piece holder
Figure 2 — Schematic of apparatus
i tweenr the two mercury fevels in th
Conditiomng 100°mm 4 1 mm. The air flow is measu
- . the time the droplet takes to pass betw
he samples shall be conditioned in accordance If the capillary flowmeter is used, this
ith ISO 187 and test piece preparation and testing the test report.
shall |be carried out in the same conditioning at®
osphere used to condition the sample.
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8 Preparation of test pieces

Cut test pieces, at least 126-mim x 120 mm en-
syring that the test pieces are free from folds, wrin-
kles and other defects. identify the two faces of the
test gieces in some convenient way.

9 rocedure

Check that-the apparatus is in good working order

(se\i Ay Start the compressor (5.4). Clamp the test
pie

10 Expression of results

Calculate the mean air flow from

readings or from the mean time
droplet to pass between the two
capillary. Calculate the mean air flo
the two sides. If the difference bety
exceeds 10 %, the results should bs

reported separately. Otherwise cald
mean.

Calculate the air permeance P, exp

Flowmeters

e mahometer is

en the two marks.
hould be noted in

aed by determining

the flowmeter
equired for the
marks on the

w separately for
veen the means
b calculated and
ulate the grand

ressed in micro-

metres per pascal second, using the equation

between the two plates (5.3) so that the rubber
tings bear on it and there is no leakage and adjust
the| air flow so that the difference between the two
mercury levels shown by the manometer (5.2) is
between 50 mm and 150 mm. Read the distance to
the | nearest 1 mm. Record the reading from the
flowmeter (5.1) which gives a reading in the upper
part of the scale. Test five test pieces with one face
up and five test pieces with the other face up, using
the same flowmeter for each group of tests.

NOTE4 When the capillary air-flow meter is used, the
air supply should be adjusted so that the difference be-

1,5
p=—1
an
where
qy is the air flow, in millilitres per second;

Ah is the difference between

the two mer-

cury levels of the manometer, in milli-

metres.

NOTES If it is required to report

the result in

nanometres per pascal second, multiply the value ob-

tained by 1000.
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11 Test report

The test report shall include the following informa-
tion:

a) reference to this International Standard;
b) date and place of testing;

c) all information necessary for identification of the
sample;

d) the mean test result, or the mean results of the
separate faces, to two significant figures;

e) the range or standard deviation or coefficient of
variation;

f) any deviation from the standard procedure or
other circumstance which might have affected
the results.
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Annex A
(normative)

Checking‘ and calibration of apparatus

A.1  Checking of apparatus ' tube. Note the time required for the bubble to as-
cend from the lower to the upper mark. Check that

K ® eaeHg-Femans oxrs{ant. Repeat the
clammg a smooth surfaced non-porous material procedure with six to eight papers bf different per-
such @s a metal foil or a plastics sheet between the meabilities, so that the whole flowmeter range is
plateg and applying a reduced pressure corre- calibrated.

For each reading, calculate the flow rate g, using
150 mm to the upper end of the last flowmeter; the the equation given in~\A3 and corhpare w?th the
flowmeter reading should be zero. flowmeter reading. If the flowmeter|readings differ
‘ from the flow rate'by more than 2 % [of the full-scale

1.2 Check the smoothness of the rubber rings

value, examine.the flowmeter tubes and rotors for
y clamping a piece of carbon paper together with dirt and/or damage and replace if necessary. As a
piede of smooth white paper between the plates. temporary’ measure, a correction chlart of flow rate
he print obtained should show no unevenness of versus flowmeter reading may be copstructed.
he inner edge and should be of uniform width
chech of concentricity).

.2 [Calibration of flowmeters @
.2.1| Apparatus

.2.1.1 Soap-bubble meter (see figure A.1), (€on- D
sjsting of a volumeter with the volume between two /
arks|known accurately. The volumeter.has an air

inlet tybe on one side and a rubber bulb at its lower

end. One volumeter for each flowmeter is rec- A
ommended, suitable volumes being-1 mi, 10 ml and \

. _— B —r -\ H
A:21.2 Soap solution, 3 %\1o 5 % liquid detergent
in| distilied water.

A.21.3 Stop watch:

A.2.2 | Procedure

Calibragtethe flowmeters in the same atmospheric
conditipng as used to carry out the test.

A inlat
Connect the upper part of the largest flowmeter to g g&ﬁ:::tﬁt
the air inlet tube of the volumeter. Start the 0 Volumeter
pressor and clamp a paper selected so as to

| give a reading on the flowmeter tube under cali- Figure A1 — Soap-bubble meter
. bration. Fill the rubber bulb with soap solution and

| squeeze it so that a bubble enters the volumeter
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A.3 Expression of results where

14 is the volume, in millilitres, between the

Calculate the flow rate g, expressed in millititres marks of the volumeter tube;

per second, using the equation
174 ¢ is the time, in seconds, required for the
=" bubble to travel between the marks.
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