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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 maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
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

Brightness and colour measurement can be performed under various illumination and observation
conditions. This document deals with D65/10° conditions, which refer to an outdoor daylight.

C/2° conditions (indoor daylight) are considered in ISO 12625-15. Although both International
Standards deal with brightness and colour, results obtained are usually different and do not correlate.

Optical measurement is affected by the geometry of the instruments used and by the texture of the
material. The design of the instrument to use according to this document and the routine to adopt for
its ¢atibrattom are specified M SO 2469 and 1ISO 11475

The optical properties are related to the visual appearance of the material. Therefore, @ltho
properties are intrinsic properties of tissue paper, they are not functional propertigs.

1gh optical

Brightness should not be confused with the optical property called CIE whitenéss, which is based on
reflectance data obtained over the full visible spectral range (VIS) in contrast to the meas
brightness, which is limited to the blue region of VIS.

Dud to its importance for some countries, three different test methods-£or the determinatio

pro

perties were developed:

this document, i.e. ISO 12625-7;
ISO 12625-15;

[SO 12625-16.

irement of

h of optical
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Ti

ssue paper and tissue products —

Part 7:
Determination of optical properties — Measurement of
brightness and colour with D65/10° (outdoor daylight)

1

Thi
cold
spe
med

NOT
inst

brightness and colour with C/2° (indoor daylight) are described in ISO'12625-15.

2

The
con
und

ISO

ISO
mol

ISO

ISO
for

ISO
ISO

3

Scope

5 document specifies testing procedures for the instrumental determination®of brig
ur of tissue paper and tissue products viewed under outdoor daylight conditions. It
Cific instructions for the preparation of test pieces (single-ply, multi-ply products) and for
isurements of products, where special precautions can be necessary.

E The properties called ISO brightness and colour with C/2° (indeor daylight) are meas
rument adjusted to a much lower UV content than that specified in this document. The measure

Normative references

following documents are referred to in the textdn such a way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referénced document (including any amendmen

186, Paper and board — Sampling to determine average quality

187, Paper, board and pulps — Standard atmosphere for conditioning and testing and pr
itoring the atmosphere and conditioning of samples

2469, Paper, board and pulps“< Measurement of diffuse radiance factor (diffuse reflectancd

4094, Paper, board and(pulps — General requirements for the competence of laboratories
the issue of optical reference transfer standards of level 3

11475:2017, Paper,and board — Determination of CIE whiteness, D65/10 degrees (outdoor
CIE 11664-4/Colorimetry — Part 4: CIE 1976 L*a*b* colour space

Terms and definitions

For

htness and
also gives
the optical

uI[led with an

ents of ISO

bir content
pplies. For
[s) applies.

bcedure for

factor)

authorized

Haylight)

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

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

31

[SO Online browsing platform: available at https://www.iso.org/obp

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

diffuse radiance factor

R

ratio of the radiation reflected and emitted from a body to that reflected from the perfect reflecting
diffuser under the same conditions of diffuse illumination and normal detection

Note 1 to entry: The ratio is often expressed as a percentage.
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[SOURCE: ISO 2469:2014, 3.2]

3.2

intrinsic diffuse radiance factor

R,

diffuse radiance factor (3.1) of a layer or pad of material thick enough to be opaque, i.e. such that
increasing the thickness of the pad by doubling the number of sheets results in no change in the
measured radiance factor

Note 1 to entry: The radiance factor of a single non-opaque sheet is dependent on the background and is not a
material property.

Note 2 to enftry: The ratio is often expressed as a percentage.
[SOURCE: ISO 2469:2014, 3.3]

3.3

reflectande factor
quotient of the flux reflected in the directions by a given cone with apex at a surfacé element and|the
flux reflectled in the same directions by a perfect reflecting diffuser identically ifradiated or illumingted

Note 1 to enftry: The ratio is often expressed as a percentage.

Note 2 to entry: This term shall be used only when it is known that the testthaterial exhibits no luminesc¢nce
(fluorescenge).

[SOURCE: CIE S 017 ILV:2020, 17-24-070]

3.4
D65 brighfness
intrinsic di{f(use radiance factor (3.2) measured with a reflectometer having the characteristics described
in ISO 2469, equipped with a filter or corresponding function having an effective wavelength of 457nm
(and a halffbandwidth of 44 nm), and adjusted s6.that the UV content of the irradiation incident upon
the test pidce corresponds to that of the CIE statidard illuminant D65

Note 1 to enftry: The filter function is described'more fully by the weighting factors given in ISO 2470-2.

3.5
tristimulds values
XlO’Y10’Z10 o - - . . . - .

amounts of the reference colounstimuli, in a given trichromatic system, required to match the coloyr of
the stimulys considered

Note 1 to eptry: In 1SO.5631-2 the CIE standard illuminant D65 and the CIE 1964 (10°) standard observeif are
used to defipe the trichromatic system.

Note 2 to eptry: The subscript 10 is applied to conform to the CIE convention that tristimulus units have the
subscript 1Q when'the CIE 1964 (10°) standard colorimetric observer is used.

[SOURCE: CIE S 017 ILV:2020, 17-23-038]

3.6

colour (D65/10°)

L*, a* and b* values of the sample according to the CIELAB 1976 system described in ISO/CIE 11664-4,
corresponding to the CIE standard illuminant D65 described in ISO 11664-2 and the CIE 1964 standard
colorimetric observer described in ISO/CIE 11664-1, determined by measurement under the conditions
specified in ISO 5631-2

Note 1 to entry: The quantity L* is a measure of the lightness of the test piece, where L* = 0 corresponds to black
and L* = 100 is defined by the perfect reflecting diffuser. Visually, the quantities a* and b* represent respectively
the red-green and yellow-blue axes in colour space, such that

— +a*is ameasure of the degree of redness of the test piece,

2 © IS0 2021 - All rights reserved
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-a* is a measure of the degree of greenness of the test piece,
+b* is a measure of the degree of yellowness of the test piece,
-b* is a measure of the degree of blueness of the test piece, and

if both a* and b* are equal to zero, the test piece is grey.

Principle

A test piece is illuminated diffusely in a standardized instrument and the light reflected normal to the

sur
or 1
way
cald
coo

Pre

5

5.1
cha

face is either allowed to pass through a defined optical filter and then measured by a phq
heasured by an array of photosensitive diodes, where each diode responds to a differel
relength. The brightness is then determined directly from the output from the photedet
ulation from the photosensitive diode outputs using the appropriate weighting function
rdinates are calculated for D65/10° conditions.

rision data are available in Annex A.
Apparatus

Reflectometer or spectrophotometer, having the/ geometric, spectral and p
Facteristics described in ISO 2469 and calibrated in accordance with the provisions of IS(

equiipped for the measurement of blue reflectance factor.

5.1
con
flug

5.1
wit]
be 3
uv

D63.

5.2

5.2
autl

5.2

1 In the case of a filter reflectometer, the radiation falling upon the test piece shall
fent corresponding to that of the CIE standard illuminant D65, adjusted or verified
rescent reference standard (5.2.2).

2 In the case of an abridged spectrophotometer, the instrument shall have an adjus
1 a cut-off wavelength of 395 nm or.some other system for adjustment and control and thij
djusted or the system shall be cdlibrated using the fluorescent reference standard (5.2.2),
Content of the illumination falling upon the sample corresponds to that of the CIE standard

Reference standard for calibration of the instrument

1 Non-fluorescent reference standard for photometric calibration, issued by an|
norized labor@tory in accordance with the provisions of ISO 2469.

2 Fluorescent reference standard for use in adjusting the UV content of the radiati

upan the'sample, having a CIE whiteness (D65/10°) unit assigned by an ISO 4094 authorized

asg

réscribed in ISO 11475:2017, Annex B.

todetector
nt effective
pctor or by
and colour

hotometric
2469, and

have a UV
using the

table filter
filter shall
so that the
illuminant

ISO 4094

bn incident
laboratory

NOTE 1

Greater precision in the D65 brightness measurement would be attained if a fluorescent reference

standard having an assigned D65 brightness unit were used. It is, however, important for the industry to have
only one UV-filter adjustment for all measurements under CIE illuminant D65 conditions. For this reason, a
reference standard having an assigned CIE whiteness (D65/10°) value as prescribed in ISO 11475 is used.

NOTE 2

5.3

To use sufficiently frequently to ensure satisfactory calibration and UV adjustment.

Working standards

5.3.1 Two plates of flat opal glass, ceramic or other suitable non-fluorescent material, cleaned

and

calibrated as described in ISO 2469.
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NOTE
standard.

In some instruments, the function of the primary working standard is taken over by a built-in internal

5.3.2 Stable plastic or other tablet, incorporating a fluorescent whitening agent.

5.3.3 Black cavity, having a reflectance factor that does not differ from its nominal value by more than
0,2 %, at all wavelengths. The black cavity should be stored upside down in a dust-free environment or
with a protective cover.

NOTE The condition of the black cavity can be checked by reference to the instrument maker.

6 Calibration
6.1 Usin
instrument
radiation b}

the
the

3
o

the values assigned to the non-fluorescent reference standard (5.2.1);-calibrate
according to the instrument maker's instruction with the UV-cut-off filterstemoved from
eams. The setting of the UV-adjustment filter is not important at this stage!

6.2 Usin
reference 9
with the w

A measure

b the appropriate measurement procedure, measure the radiancefactors of the fluores
tandard (5.2.2); calculate the whiteness value and compare thé measured whiteness v
hiteness value assigned to the fluorescent reference standard.

d whiteness unit higher than the assigned unit indicates that the relative UV-content is

fent
hlue

too

high and vice versa.

6.3 Using the UV-adjustment filter or other adjustment deyice, adjust the UV-content of the illuminafion
until measfirement gives the correct whiteness value.

6.4 Repeat the calibration as described in 6.1 using the non-fluorescent reference standard (5.2.1) with
the UV-adjyistment filter in the position that gave thecorrect whiteness value. Repeat the measureme:ﬁt of
the whitengss of the fluorescent reference standard (5.2.2) as described in 6.2. If the measured whitefess
value obtajned does not agree with the as§ighed value, adjust the position of the UV-adjustment filter
until measyirement gives the correct whiteness value as described in 6.3.

d is
UV-
the

6.5 Repedat 6.4 until the correct value for the whiteness of the fluorescent reference standar
obtained with the instrument coxrectly calibrated to the non-fluorescent reference standard. The
content is pow correctly adjusted with respect to whiteness to a relative UV-content equivalent to
D65 illuminant. Record the setting of the UV-adjustment.

NOTE 1 his setting is équivalent to the D65 illuminantand CIE 1964 (10°) observer with respect to whiteq
Variations ip the greeny/red tint value can still arise and it cannot be assumed that the tristimulus values
other paranpeters willalso be exactly those applicable to the D65 illuminant.

ess.
and

NOTE 2 some instruments, the procedure indicated in 6.2 to 6.5 is performed automatically.

6.6 Assign reference values to working standards.

Perform D65 brightness and colour (D65/10°) CIE- L*, a* and b* measurements on the non-fluorescent
material (5.3.1). Assign these reference values to the non-fluorescent material as working standard.

Perform D65 brightness and colour (D65/10°) CIE- L* a* and b* measurements on the fluorescent
material (5.3.2). Assign these reference values to the fluorescent material as working standard.

This working standard may only be used in the specific instrument in which its value was assigned and
shall only be used to monitor changes in the lamps. A new value shall be assigned with a fluorescent

© ISO 2021 - All rights reserved
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reference standard of level 3 (5.2.2), if the lamps are changed or the used working standards show
significant deviations.

NOTE Instead of using L*, a* and b* values R,, R,, R, can be used as assigned reference values.

7 Sampling

If the tests are being made to evaluate a lot, the sample shall be selected in accordance with ISO 186. If
the tests are being made on another type of sample, make sure, the specimens taken are representative
of the sample received.

When sampling finished roll products, eliminate at least the first six layers and the ast six layers
becpuse of the possible presence of adhesive or mechanical damage.

Mafk the samples for identification, and make sure that the two sides of the paper or of the groduct can
be distinguished.

8 [Conditioning

Corldition the samples according to ISO 187, and keep them in the standard atmosphere throughout
the|test. Preconditioning with elevated temperatures should not bé applied since it might change the
optjcal properties.

9 |Preparation of test pieces

Cut|test pieces of at least 50 mm x 50 mm or 50 mmin diameter that are free from dirt, perfiration and
any|defect. Assemble sufficient test pieces in a pdd with their top sides uppermost; the nunjber of test
pieg¢es should be such that doubling the number‘does not alter the reflectance factor.

Protect the pad by placing a protecting sheéton both the top and bottom of the pad. Avoid confamination
and unnecessary exposure to light or heat.

If the pads are very voluminous and’bulky, steps shall be taken to expel the air. The padg should be
carefully compressed betweendthe protecting sheets.

Martk the pad in one corner{to identify the sample and the marked side.

10|Procedure

10.1 General

Rerpove the protecting sheets from the pad of test pieces and measure the optical propertieg on the top
sidg arid.if required, on the reverse side of the test pieces, as described in the relevant subclduse below.

Steps should be taken, without damaging the material, to ensure that the pad is pressed against the
measuring opening under sufficient pressure to give a compact pad that does not intrude into the
measurement sphere.

10.2 Measurement of D65 brightness

The UV-content of the illumination shall be adjusted to correspond to the D65 illuminant, as described
in Clause 6.

Remove the protecting sheets from the pad of the test pieces and measure the D65 brightness
(reflectance factor at an effective wavelength of 457 nm) of the marked side of the test-piece pad. Read
and record the value to the nearest 0,05 % reflectance factor or better. Move the uppermost test piece

© IS0 2021 - All rights reserved 5
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to the bottom of the pad and determine the reflectance factor for the next test piece, and similarly for
the following test pieces, until a total of at least 10 readings has been made.

If required, turn the test pad upside down and repeat the procedure on the other side. Calculate the D65
brightness as indicated in 11.1.

NOTE1 Itis possible to determine the D65 brightness without the contribution of the fluorescent whitening
agent in the case of fluorescent samples by making measurements with a 420 nm cut-off filter placed in the light
beam; however, this is outside the scope of this document.

NOTE 2  In the case of non-fluorescent samples, the D65 brightness and the ISO brightness are identical.

10.3 Measurement of colour (D65/10°)

The UV-content in the illumination is adjusted to match the CIE standard illuminant D65,/as.described
in Clause 6
If a filter instrument is used, check that the correct filters are inserted in the light bedms.

Remove thp protecting sheets from the pad of test pieces and determine the X;(,¥;, and Z; tristimyilus

values for
uppermost
way until 3
procedure
for each te

11 Calcullation

11.1 D65

Calculate t

0,1 % and its standard deviation.

In case of
separately,

11.2 Cola

11.2.1 Single value

Calculate t

he marked side of the top test piece. Record the results to the néarest 0,1 value, move
test piece to the bottom of the pad and repeat the measurementfor the next; proceed in
t least 10 readings has been made. If required, turn the testpadupside down and repeat
on the other side. Calculate the CIELAB colour coordinates as described in ISO/CIE 1166
bt piece. Calculate the colour coordinates as indicated in ¥1.2.

brightness

he mean D65 brightness value as the D65 brightness of the sample in percent to the nea

measurement on both sides, calculate and report the mean brightness value for both s

ur (D65/10°)

the
this
the
4-4

Fest

des

he single coleur values as CIE-L*, a* and b* coordinates of the sample from the tristimyilus

values X, Y[Z by meahs of Formulae (1) to (3):
*
I'=11p 113 _16 1)
Y
I 1 1
a =s00|| L P-[LP 2)
Xn Yn
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1 1

b =200|| — P -[ 2]
Yn Zn

3

where X,, Y,, Z, are the tristimulus values of the perfect reflecting diffuser under D65 conditions. These

are

NOTE

non

given as the “white point” values in ISO 5631-2:2015, Annex A.

If any of the ratios X;o/X10.p Y10/ Y10 and Z;o/Z;o , < (24/116)3, the proposed formulae are not valid

anymore and alternative formulas are proposed. Tissue papers and tissue products have such optical properties
that these alternative formulae will not be needed (for more information, refer to ISO 5631-2).

11.

Cal
In ¢
sep

11.

Sin
pro

Cal

.2 Mean value

ulate the mean colour values as CIE-L* a* and b* values of the sample to the,nearest
ase of measurements on both sides, calculate and report the mean colour yalue for
hrately.

P.3 Dispersion of the results

e the three-dimensional statistical calculations are extremely, complicated, the follow
cedure for assessing the dispersion is recommended.

ulate, for each test piece, the deviation AE,,* from the meanaccording to Formula (4):

0,01 value.
both sides

ing simple

AE . =\(AL')? +(Aa" )% +(Ab" Y2 )
whére AL*, Aa* and Ab* are the differences betweeni the L*, a* and b* values of the test pigce and the
corfesponding mean values < L* >, < a* > and <> .

Cal¢ulate the mean < AE_* > value. This(is known as the Mean Colour Difference fron] the Mean
(M(DM) value and defines the dispersion-in terms of a sphere of radius < AE,* > about the mean point
in JIELAB space (see ISO/CIE 11664-4).

NOTE This calculation uses the expression for the colour differences between two samples, which can be
calculated in these coordinates as Formula (5):

AE . =\(AL Y2 +(&a) ¥ +(ab’ )2 (5)
whére AL*, Aa* and"AD* are the differences between the values of the two samples.

NOTE The uSe of the symbolism < x > refers to the mean of x. This is used because the values 1% a* b* and
E*ab cannotbeformatted with the bar above.
12| Test report

The test report shall include the following information:

a)
b)
)
d)
e)

a reference to this document, i.e. ISO 12625-7:2021;
date and place of testing;
conditioning atmosphere used;

all details necessary to identify the material;

the type of instrument used and a reference to the Authorized Laboratory providing international

reference standards of level 3 for calibration of the instrument;

© IS0 2021 - All rights reserved
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f) the mean and standard deviation D65 brightness and/or the D65 colour (D65/10°) for each side
and if required, the mean of the two sides;

g) any departure from this document or any other circumstance that can have affected the results.

8 © IS0 2021 - All rights reserved
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Annex A
(informative)

Precision

A.1l

In]
thig

For
well

For

A.2
For

The
dev|
of 1
ISO

The
diff}
maft
for

Rep
rep

NOT
dev

General
=enera:

1ly 2012, an international round-robin was performed by nine different laboratories-a
document.

brightness measurement, six samples of white and near white base papers,and converte
each series of sample, 10 measurements have been performed on thexeferenced side.

Brightness
Brightness, the calculations have been made according to JSQ/ TR 2449851 and TAPPIT 12

repeatability standard deviation reported in TableA.1 is the “pooled” repeatabilit

jiation thatis, the standard deviation is calculated asthe root-mean-square of the standard
he participating laboratories. This differs fromi~the conventional definition of repes
5725-1011,

repeatability and reproducibility (Table."A.2) limits reported are estimates of the
erence, which should be expected inx19 of 20 instances, when comparing two test

Hifferent materials or different testconditions.
roducibility standard devjations by 2,77.

ation s is based on adarge number of tests.

cording to

d products

e considered. For colour measurements, three additional coloured products,were also cqnsidered.

0,sp-0716l,

y standard
deviations
itability in

maximum
results for

erial similar to those described undér similar test conditions. These estimates might not be valid

eatability and reproducibility limits are calculated by multiplying the repeatgbility and

E 2,77 = 1,96 JE, provided that the test results have a normal distribution and that the standard
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Table A.1 — Estimation of repeatability

Sample Number of Mean D65 Repeatability Coefficient of Repeatability
laboratories brightness standard variation limit
% deviation Cy, r

S, % %
%

toilet, 4-ply 82 82,41 0,2 0,2 0,4

white

toilet, 3-ply 7b 82,08 0,2 0,2 0,4

white

toilet, 3-ply 8a 59,58 0,2 0,3 0,4

white

handkerchjef, 82 87,25 0,1 0,1 0,2

4-ply

white

towel, 2-ply 82 81,27 0,2 0,3 0,7

white

base sheet,|1-ply 8a 87,58 0,2 02 0,4

a  one outlfer.

b two outliers.

Table A.2 — Estimation of reproducibility
Sample Number of Mean D65 Reproducibility | Coefficient of | Reproducibility
laboratories brightness standard variation limit
% deviation Cyr R

Sp % %
%

toilet, 4-ply 83 82,41 0,3 0,4 1,0

white

toilet, 3-ply 7b 82/08 0,6 0,8 1,7

white

toilet, 3-ply 83 59,58 0,4 0,6 1,0

white

handkerchjef, g8a 87,25 0,3 0,4 0,9

4-ply

white

towel, 2-ply ga 81,27 0,4 0,5 1,2

white

base sheet,|1-ply 8a 87,58 0,7 0,8 1,9

a  one outljer.

b two out)iérs)

A.3 Colour D65/10°

For L* a* b* only the mean values are reported. No standard deviation has been calculated on these

single parameters.

The standard deviation in colour measurements is calculated by the dispersion in terms of a sphere
radius < AE,* > about the mean point in CIELAB space (see ISO/CIE 11664-4). This is defined by the
average of the mean < AE_* > value, which is known as the Mean Colour Difference from the Mean

(MCDM) value.

The repeatability value reported in Table A.3 is the mean of the MCDM calculated within each
participating laboratory (intra-laboratory mean colour difference from the mean value).
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