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Introduction

Knowledge of the dimensional changes in paper and board’tp be expected
when the ambient humidity changes is essential for(agccurate control of
printing and similar processes. The change in ,dimensiohs, or hygro-
expansivity, is due to stress relaxation of the,constitugnt fibres and
swelling or contraction of the fibres caused respectively by| absorption or
desorption of water. The proportion of the two mechanisms fausing hygro-
expansivity depends upon the upper limjt“of relative hunpidity. For the
purposes of this part of ISO 8226, an upper limit of 68 % relative humidity
is imposed to minimize the effects™of stress relaxation pn the hygro-
expansivity.

Part 2 of this Internationdl )Standard specifies a method for the
determination of hygroexpansivity up to a maximum relatije humidity of
86 %, a value at which, stress relaxation may have a significant effect on
hygroexpansivity.
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Paper and board — Measurement of hygroexpansivity —

Part 1:

Hygroexpansivity up to a maximum relative humidity of 68 %

1 Scqpe

This paft of ISO 8226 specifies a method for the
determipation of the hygroexpansivity of paper and
board wWhen subjected to a change in the relative
humidity with which it is in equilibrium from
(33 + 2)|% to (66 £ 2) %.

This mpthod is applicable to paper and board
generally.

It is ndt, however, suitable for crépe papers and
corrugatied fibreboard.

2 Normative references

The following standards contain prowvisions which,
through|reference in this text, constitute provisions of
this par{ of ISO 8226. At the tinje,of publication, the
editions|indicated were valid. Alhstandards are subject
to revisipn, and parties to dgrééments based on this
part of |SO 8226 are enCeuraged to investigate the
possibility of applying the) most recent editions of the
standards indicated below. Members of |IEC and ISO
maintair] registers\Yof currently valid International
Standargls.

ISO 18611994, Paper and board — Sampling to

3 Definitions

For the purposes of this part of ISO 82
ing definition applie®.

3.1 hygroexpansivity: Change in leng
in a given length of paper or board wh
humidity with which it is in equilibrium is

V6, the follow-

th that occurs
bn the relative
raised from a

specified lower relative humidity to a specified higher

relative humidity.

The change in length is expressed as a
the given length when the paper o
equilibrium with 50 % relative humidity.

NOTE 1 A contraction of the test piece
negative hygroexpansivity.

4 Principle

To ensure that all test pieces being test
to the initial relative humidity from
similar moisture level, this method
preliminary conditioning step at a ver
humidity.

percentage of
r board is in

is regarded as

pd are brought
AN immediate
includes a
y low relative

Preliminary conditioning of test piece

5 of paper or

determike-average-guatty-

ISO 187:1990, Paper, board and pulps — Standard
atmosphere for conditioning and testing and pro-
cedure for monitoring the atmosphere and condition-
ing of samples.

ISO 536:—"), Paper and board — Determination of
grammage.

1) To be published. (Revision of ISO 536:1976)

board at a specified

temperature

(preferably

23 °C £ 1 °C), under zero load and a relative humidity
of (22 +3) % and then at relative humidities of
(833+2) % and (66 +2) %. Measurement of the
change in length between the latter two relative
humidities under a load appropriate to the grammage
of the sample. The change in length is expressed as a
percentage of the length measured at 50 % relative
humidity.
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5 Apparatus and materials

5.1 Cabinet, with air circulation, capable of being
maintained at one of the temperatures specified in
ISO 187, preferably 23°C +1°C, and attaining the
required relative humidities, measured as specified in
5.5, uniformly within the whole cabinet and within not

more than 30 min.

NOTES

2 The cabinet
environment cor

3 All cabinets,
humidity gener
within the cabi
minimize tempé
greater than 0,4

5.2 Saturate

©I1SO

5.5 Means of measuring relative humidity (for
example humidity probes) or the air in the cabinet
(5.1) with a precision of +1 % (maximum error of
reading) and an accuracy of +2 % (maximum
departure from true relative humidity).

The measuring probe should be capable of detecting a
change of 0,5 % relative humidity within 10 s, at the
equilibrium relative humidity level.

NOTES

should preferably be located in an
trolled to a temperature of 23 °C + 1 °C.

irrespective of the method of relative
tion, are subject to humidity variations
het unless exceptional care is taken to
rature variations (temperature variations
PC can be significant).

H salt solutions (see annex A), to

provide relativg humidities of (22 +3) %, (33 +2) %

and (66 + 2) %
NOTES

4 Other methd
humidity may 1
obtained.

5 The initial le
should be detg
conditioned tesf

phere of 1ISO 187.

5.3. Clamps,
suspending th
cabinet such t
piece, the dists
is a set valug
100 mMm £ 1 m
tensioning the
table 1), and r
the loads and V

5.4 Loading

as measured in accordance with 5.5.

ds of generating the required relative
e used provided equivalent accuracy is

hgth (see 7.1) at 50 % relative humidity
rmined by maintaining the cabinet in a
room operating at the preferred atmos

upper and lower, or other ‘mgans of
e test pieces vertically.\within the
hat, when there is no load’on the test
nce between the inner clamping faces
, known to within,@ mm (preferably
m). A means shall be provided for
test pieces with/the known loads (see
bleasing thisstension without removing
vithout opening the cabinet.

weights, including the loads attribu-

6 Care must be taken to ensure that the corrosiv¢ nature
of the "salt mist" does not affect the perfofmancg of any
humidity probe. It is recommended that. probes |be pro-
tected by a polytetrafluoroethylene (PTFE) screen pr other
suitable means.

7 All humidity probes require regular calibration, preferably
by a nationally accredited labératory. Calibration ceftificates
normally quote the known-~error of the instrumgnt. The
known error should be used-to correct the measuref value.

5.6 Means for. measuring the temperature in the
cabinet (5.1).

5.7 Devices for measuring the length or chlange in
lengthof the test pieces to the nearest 0,1 mm.
Thése devices may be mechanical or electroniq.

6 Sampling and preparation of test
pieces

6.1 If a lot is being sampled, select the spgcimens
to be tested in accordance with 1ISO 186.

6.2 From undamaged specimens free[ from
watermarks, folds and wrinkles, cut five test pleces in
the machine direction and/or five in the cross direction
as required. Each test piece shall be at least |20 mm
longer than the nominal free span between the
clamps, and the minimum free span shall be 1p0 mm.
The width of the test piece shall be at least [[5 mm.
For the determination of hygroexpansivity [in the
machine direction or in the cross direction, fut the

table to the m
test pieces dur

£ 4l | £ N 41 o+
oo Ul LT LldiTiyo, TUD apphivativin tu tuic

ing measurement (see table 1).

Table 1 — Test load

Sample Total Equivalent mass
grammage, g load (including clamp)
g/m? N/m g/15 mm
g=<125 15+ 1 23+1,5
125 < g < 200 30+ 1 46 £ 1,5
200 < g <275 50 + 1 76 £1,5

g>275 80 + 1 122+ 1,5

testpeces withrthetorgersideparattet-tothetelevant
direction.

6.3 Determine the sample grammage, g, in accord-
ance with ISO 536.
7 Test procedure

7.1 Initial length (/)

Set the clamps (5.3) inside the cabinet (5.1) to a span
of at least 100 mm (known to within 1 mm). Clamp,
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then condition the unloaded test pieces for at least
30 min at the selected temperature (see 5.1) and at a
relative humidity of (50 + 2) %. Gently apply the ap-
propriate load in accordance with table 1 and note the
readings on the length-measuring devices (5.7) to the
nearest 1 mm. Record this length as (ly).

7.2 Preliminary conditioning of test pieces

Condition the unloaded test pieces for at least 30 min

ISO 8226-1:1994(E)

les s the reading, in millimetres, on the length-
measuring device, for the test piece under the
appropriate load at a relative humidity of
(66 £ 2) %.

Express the mean result to the nearest 0,05 %
separately for the machine direction and/or cross
direction as required.

Calculate also the standard deviation for the machine
direction and/or cross direction respectively.

at a relai.me_bumxdm_of_tlu 3) % Gently apply the
approprigte load in accordance with table 1 and note

the readings on the length-measuring devices.
Remove| the load and repeat the conditioning and
measurgment sequence until the length under load
changes|by no more than 0,02 % between readings.

NOTE 8 |These readings are not used in the calculation.

7.3 Measurement of hygroexpansivity

Change [the conditioning atmosphere to (33 + 2) %,
and recprd the relative humidity value obtained.
Conditiop the unloaded test pieces for at least 30 min
at a relative humidity of (33 + 2) %. Gently apply the
appropriate load in accordance with table 1 and note
the readings on the length-measuring devices.
Remove| the load and repeat the conditioning and
measurgment until the length under load changes by
no morel than 0,01 mm. Record these lengths to the
nearest 0,01 mm (la3).

Condition the test pieces in the same(way in an
atmosphere having a relative humidity, of, (66 + 2) %.
Note the relative humidity value obtained. Record the
new regddings (lgg) of the test piece lengths to the
nearest 0,01 mm.

8 Explression of results

Calculatg¢ the hygroéxpansivity, X, expressed as a
percentdge, between 33 % and 66 % relative
humidity], using,the equation:

=1 1% 100
33

9 Precision

For test results, each of (which congisted of the
average of five determinatians, the following precision
data were obtained from,dn international cross-check
involving six laboratafigs testing five papgrs.

9.1 Repeatability

The repéatability at the 95 % confidencq level, for the
difference between two test results ¢btained in a
single’laboratory, was between 0,02 %4 and 0,03 %
for, samples tested in the machine direction, and
between 0,04 % and 0,06 % for samples tested in
the cross direction.

NOTES

9 The range in repeatability values quoted|is due to large
differences between mean values of different paper
samples.

10 All values for repeatability are percent gbsolute hygro-
expansivity.

9.2 Reproducibility

There were insufficient data from different labora-
tories for reproducibility to be assessed accurately.

10 Test report

X =~

lo is the reading, in millimetres, on the length-
measuring device, for the test piece under the
appropriate load at a relative humidity of
(50 = 5) %;

I3z Is the reading, in millimetres, on the length-
measuring device, for the test piece under the
appropriate load at a relative humidity of
(33 + 2) %,

The test report shall include the following information:
a) areference to this part of ISO 8226;

b) all information necessary for complete iden-
tification of the sample;

c) the date and place of testing;

d) the test span between the clamps at the start of
the test;

e) the width of the test piece;


https://standardsiso.com/api/?name=7829ac65b0ed10517dac83badeded39d

ISO 8226-1:1994(E)

f)  the mean value for the hygroexpansivity in the

machine direction and/or cross direction;

g) the standard deviation for the machine direction
and/or cross direction;

© SO

the measured values of temperatures and relative
humidities used for the test;

any deviation from the requirements of this part
of ISO 8226 and any incidents which may have
affected the test results.
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Annex A
(normative)

Preparation of salt solutions

At constant temperature, saturated salt solutions
reach equilibrium with the amount of water vapour in

-C,I D relative _humidities given by salts recommended for
the atmposphere in a closed container, thereby use in this part of ISO 8226 are listed in {able A.1.

maintain
salt solu
water

humidity
vapour g

A wide
obtained
Young!!

Saturate
reagents
water o
ence of
humidity
by dissd
required
slightly

Becauss
care shd
tempera

ng a constant relative humidity. Saturated
Lions can absorb or give up large quantities of
vithout changing the equilibrium relative
, making them suitable for studies of water
bsorption or desorption.

range of relative humidity conditions can be
, using various salt solutions, as reviewed by

d salt solutions should be prepared from
of recognized analytical grade and distilled
water of equivalent purity, since the pres-

impurities may affect the equilibrium relative

. In most cases, the solution can be prepared

Iving a guantity of the salt in excess of that
to saturate the solution, at a temperature
above the required testing temperature;
certain salts can change their hydrated form,
uld be taken to avoid dissolving at elevated

tures.

The approximate solubility values at 23 °C and the

Table A.1 — Saturated salt sollitions

o Relative
Salt Solubility ||\ midity
ofl %

Potassium acetate 2620 22 +3
(KC,H30,)
Magnesium chloride 1700 33+2
{MgCl,-6H,0)
Sodium nitrite (NaNO,)" 880 66 £ 2
1) WARNING — Sodium nitrite presents an

explosion hazard if stored improperly| For safety,
storage in polyethylene bottles is recommended.
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