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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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Introduction
Brightness and colour measurement can be performed under various illumination and observation
conditions. This document deals with C/2° conditions, which refer to an indoor daylight.

D65/10° conditions (outdoor daylight) are considered in ISO 12625-7. Although both International
Standards deal with brightness and colour, results obtained are usually different and do not correlate.

Optical measurements are affected by the geometry of the instruments used and by the texture of the
material.

The optical properties are related to the visual appearance of the material in a specified ilpmination
condition. Although optical properties are intrinsic properties of tissue paper, they are.not functional
properties.

Brightness should not be confused with the optical property called CIE-whitefiess, which ig based on
refllectance data obtained over the full visible spectral range (VIS). In contrast,‘brightness is|limited to
th¢ blue region of VIS (visible spectrum).

As|preferences for the properties specified can vary by country/market, two other test mgthods for
thg determination of optical properties were developed in addition tethis document: ISO 12625-7 and
ISQ 12625-16.
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Tissue paper and tissue products —

Part 15:

D

etermination of optical properties — Measurement

of brightness and colour with C/2° (indoor daylight)

il

1
Th

NO

higher UV content than that specified in this document.

2
Th

comstitutes requirements of this document. For.:dated references, only the edition cited aj

un

IS 186, Paper and board — Sampling to determine average quality

ISQ) 187, Paper, board and pulps — Stdudard atmosphere for conditioning and testing and prd
mdnitoring the atmosphere and conditioning of samples

IS 2469, Paper, board and pulps\*— Measurement of diffuse radiance factor (diffuse reflectance

ISQ) 2470-1:2016, Paper, beard and pulps — Measurement of diffuse blue reflectance factor
Indoor daylight conditiohs)(1SO brightness)

ISO 2470-2, Paper,-board and pulps — Measurement of diffuse blue reflectance factor — Part
daylight conditions{D65 brightness)

[SQ/CIE 1166%-4, Colorimetry — Part 4: CIE 1976 L*a*b* colour space

3

uminant

Scope

TE The properties called D65 brightness and colour are measured,with an instrument adjuste

Normative references

e following documents are referred to in the text“in such a way that some or all of thg

Hated references, the latest edition of the referenced document (including any amendment

Terms and definitions

s document specifies testing procedures for the instrumental determination of brightness and
colpur of tissue paper and tissue products viewed in indoor daylight conditions. It also giv
indtructions for the preparation of test pieces (single-ply, multi-ply products) and for t
measurements of products, where special precautions can be necessary:

s specific
he optical

1 to a much

ir content
pplies. For
5) applies.

cedure for

factor)

— Part 1:

P: Qutdoor

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

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

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

IEC Electropedia: available at https://www.electropedia.org/
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3.1

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.

[SOURCE:
3.2

ISO 2469:2014, 3.2]

intrinsic
R

Hiffuse radiance factor

[~]
diffuse radliance factor (3.1) of a layer or pad of material thick enough to be opaque, i.e.(such t

increasing
measured

Noteltoe

Note 2 to ¢
material pi

[SOURCE:[ISO 2469:2014, 3.3, modified — Note 2 to entry added.]

3.3

reflectanfe factor

ratio of the radiation reflected by a surface element of a body in the direction delimited by a given ctge
with its apex at the surface element to that reflected by the perfect reflecting diffuser under the sa
condition§ of illumination

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

Note 2 to €
(fluorescer

[SOURCE:

the thickness of the pad by doubling the number of sheets results in no change in
radiance factor

ntry: The ratio is often expressed as a percentage.

ntry: The radiance factor of a single non-opaque sheet is dependent on the\background and is n
operty.

hat
Lhe

ntry: This term shall only be used when it{is known that the test material exhibits no luminesce
ce).

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

3.4
ISO brig

ness

intrinsic diffuse radiance factor (3.2Ymeasured with a reflectometer having the characteristics descril
in [SO 2469, equipped with afilter or corresponding function having an effective wavelength of 457

(and a hal,
the test pi

Noteltoe

3.5
tristimul

bandwidth of 44.1itn), and adjusted so that the UV content of the irradiation incident ug
pce corresponds)to that of the CIE illuminant C

htry: The filter function is described more fully by the weighing function factors given in ISO 2470

1s.values

e

ce

ed

on

XYZ

amounts of the reference colour stimuli, in a given trichromatic system, required to match the colour of

the stimul

us considered

Note 1 to entry: In this document as in ISO 5631-1, the CIE illuminant C and the CIE 1931 (2°) standard observer

are used to

define the trichromatic system.

Note 2 to entry: No subscript is applied to conform to the CIE convention that tristimulus values have no subscript
when the CIE 1931 (2°) standard observer is used [the subscript 10 is applied for tristimulus values that are
obtained using the CIE 1964 (10°) standard observer].

[SOURCE:

CIE S 017 ILV:2020, 17-23-038]
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3.6

C/2° colour

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

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

b) | -a*is a measure of the degree of greenness of the test piece,

c) | +b*is ameasure of the degree of yellowness of the test piece, and
d) | -b*is a measure of the degree of blueness of the test piece.

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

4 | Principle

A fest piece is illuminated diffusely in a standard instrument.and the light reflected norial to the
surface is either allowed to pass through a defined optical filter, and then measured by a photodetector
or measured by an array of photosensitive diodes, whereeach diode responds to a different effective
wavelength. The brightness is then determined directly from the output from the photodetdctor or by
caIulation from the photosensitive diode outputs using the appropriate weighting function §nd colour
cogrdinates are calculated for C/2° conditions.

5 | Apparatus

5.1 Reflectometer or spectrophotometer, having the geometric, spectral and pHotometric
chgracteristics described in ISO 2469 and calibrated in accordance with ISO 2469 and ISO 2470-2, and
eqliipped for the measurement of blue reflectance factor.

5.1.1 A filter reflectometer, with the radiation falling upon the test piece shall have a JV content
cofresponding to that-of the CIE illuminant C, adjusted or verified by using the fluorescent] reference
standard (5.2.2).

5.1.2 Anabridged spectrophotometer, with an adjustable filter with a cut-off wavelength{of 395 nm
or fome oth€y'system for adjustment and control, and this filter shall be adjusted or the system shall be
calibrated-using the fluorescent reference standard (5.2.2), so that the UV content of the illpmination
fallingupon the sample corresponds to that of the CIE illuminant C.

5.2 Reference standard for calibration of the instrument

5.2.1 Non-fluorescent reference standard, for photometric calibration, issued by an ISO 4094
authorized laboratory, in accordance with ISO 2469.

5.2.2 Fluorescent reference standard, for use in adjusting the UV content of the radiation incident
upon the sample, having an [SO brightness value assigned by an authorized laboratory as prescribed in
ISO 2470-1:2016, Annex B.

©1S0 2022 - All rights reserved 3
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5.3 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 24609.

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

5.3.2 Black cavity, having a reflectance factor that does not differ from its nominal values 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 Usirlg the values assigned to the non-fluorescent reference standard '(5Y2.1), calibrate the
instrument according to the instruments maker's instruction with the UV-cutfoff filters removed frpm
the radiatjon beams. The setting of the UV-adjustment filter is not important-at this stage.

6.2 Usirlg the appropriate measurement procedure, measure the ISO brightness value of the
fluorescent reference standard (5.2.2) and compare the measured)1SO brightness value with the 1SO
brightnes$ value assigned to the fluorescent reference standard:

A measur¢d ISO brightness value higher than that assigned ginit indicates that the relative UV-content
is too high and vice versa.

6.3 Usirlg the UV-adjustment filter or other adjustment device, adjust the UV-content of the
illuminatipn until measurement gives the correctdSO brightness value.

6.4 Reppat 6.1, 6.2, and 6.3 until the correctvalue for the ISO brightness of the fluorescent referefce
standard [is obtained with the instrument correctly calibrated to the non-fluorescent reference
standard. [The UV-content is now correctly adjusted with respect to a relative UV-content equivalenf to
the CIE illpuminant C. Record the setfing of the UV-adjustment.

NOTE [n some instruments, the procedure indicated in 6.2 to 6.4 is performed automatically.

6.5 Assign reference valtie's to working standards.

Perform ISO brightriess and colour C/2° CIE-L* a* and b* measurements on the non-fluorescent
material (p.3.1). ASsign these reference values to the non-fluorescent material as working standard.

This workiingstandard may only be used in the specific instrument in which its value was assigned gnd
shall only[beused to monitor changes in the lamps. A new value shall be assigned with a fluorescent
reference standard of level 3 (5.2.2), if the lamps are changed or the used working standards show
deviations more than 1 brightness unit.

NOTE Instead of using L*, a*, b* values, R,, Ry, R, can also 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 last six layers because of the possible presence of adhesive or mechanical damage.

4 © IS0 2022 - All rights reserved
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Mark the samples for identification, and make sure that the two sides of the paper or of the product can
be distinguished.

8 Conditioning

Condition the samples in accordance with ISO 187 and keep them in the standard atmosphere
throughout the test. Preconditioning with elevated temperatures shall not be applied since it might
change the optical properties.

9 | Preparation of test pieces

Cu
an
tes
as

test pieces of at least 50 mm x 50 mm or 50 mm in diameter, which are free fromdist, p¢
1 any defect. Assemble sufficient test pieces in a pad with their top sides uppermeost; the

t pieces should be such that doubling the number does not alter the reflectance factor. Thi
the intrinsic diffuse radiance factor.

Protect the pad by placing a protecting sheet on both the top and bottom ofithe’pad. Avoid cont|

an

If 4
caj

] unnecessary exposure to light or heat.

he pads are very voluminous and bulky, steps shall be taken to expel the air. The pads
efully compressed between the protecting sheets.

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

10

10

an

of 1
the

Procedure

.1 General

1, if required, the reverse side as well following the procedure described in 10.2 and/or 10|

brforation,
humber of
is known

hmination

should be

move the protecting sheets from the padof test pieces. Measure the optical properties on the top side

3.

ps should be taken, without dainaging the material, to ensure that the pad is pressed
asuring opening under sufficient pressure to give a compact pad that does not intru
asurement sphere.

.2 Measurement of ISO brightness

e UV-content of the'illumination shall be adjusted to correspond to the CIE illuminant C as

Clause 6.

asure the1SO brightness (reflectance factor at an effective wavelength of 457 nm) of the m
he test-piece pad. Read and record the value to the nearest 0,05 % reflectance factor or be
uppermost test piece to the bottom of the pad and determine the reflectance factor for th

&

ainst the
into the

described

hrked side

tter. Move

b next test
made.

pie

cér-and similarly for the following test pieces, until a total of at least 10 readings have beer

If required, turn the test pad upside down and repeat the procedure on the other side. Calculate the ISO

bri

NOTE 1

ghtness as indicated in 11.1.

It is possible to determine the ISO 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 in the light beam;
however, this is outside of the scope of this document.

NOTE 2

10

.3 Measurement of colour (C/2°)

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

The UV-content in the illumination shall be adjusted to correspond to the CIE illuminant C as described
in Clause 6.

© IS0 2022 - All rights reserved
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If a filter instrument is used, check that the correct filters are inserted in the light beams.

Determine the X, Y, and Z tristimulus values for the marked side of the top test piece (or CIELAB values,
if the instrument is designed to report directly in this colour space). Record the results to the nearest
0,1 unit, move the uppermost test piece to the bottom of the pad and repeat the measurement for the
next; proceed in this way until at least 10 readings have been made. If required, turn the test pad upside
down and repeat the procedure on the other side.

Calculate the CIELAB colour coordinates as described in ISO/CIE 11664-4 for each test piece. Calculate
the colour coordinates as indicated in 11.2.

11 Calcnlllation

11.1 ISO(brightness

Calculate fhe mean ISO brightness value as the ISO brightness of the sample in pergentto the nearest
0,1 % and its standard deviation. Table A.1 and Table A.2 provide examples of pfecision data for |SO
brightness.

When both sides (top and reverse side) are measured, calculate and report.fhe mean brightness vallue
for the twp sides separately.

11.2 Colpur C/2°

11.2.1 Sipgle values

Calculate the single colour values as CIE-L* a* and b* coordinates of the sample from the tristimullus

values X, ¥ Z, using Formulae (1) to (3):

r=116| = P -16 (1)
Yn
- 1 17
a =spol[ X P [ LP (2)
Xn Yn
— l 1 =
b =2po|[ L P [ &P (3)
Yn Zn
where X, Yn,_Zn are tHe tristimulus values of the perfect reflecting diffuser under C/2° conditions. These

are given s thewhite point” values in ISO 5631-1:2022, Annex A.

NOTE [fany of the ratios X;0/Xi0 w Yia/Yia . and Zin/Zin . < (24/116)3, Formulae (1) to (3) are no lonlger
valid and alternative formulae are proposed in ISO 5631-2. 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).

11.2.2 Mean value

Calculate the mean C/2° colour values as CIE-L* a* and b* coordinates of the sample to the nearest
0,01 value. Table A.3 provides examples of precision data for C/2° colour.

When both sides (top and reverse side) are measured, calculate and report the mean CIE-L*, a* and
b* values for two sides separately.

6 © IS0 2022 - All rights reserved
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11.2.3 Dispersion of the results

:2022(E)

Since the three-dimensional statistical calculations are extremely complicated, the following simple
procedure for assessing the dispersion is recommended.

Calculate the mean values < L* >, < a* >, and < b* > of the L* a* and b* values.

Calculate, for each test piece, the deviation AE,* from the mean according to Formula (4):

AE, =\/RAL* )2 +(ad" )2 +(ab" )2]

(4)

=

where AL*, Aa* and Ab* are the differences between the L*, a* and b* values of the test piece

CoJ

Ca
(M
CIH

NO
AR

NO
be

responding mean values < L* >, < a* >, and < b* >,

culate the mean < AE;b > value. This is known as the mean C/2° colour difference from

CDM) value and defines the dispersion in terms of a sphere radius < AE;b > dbout the me3
LAB space.

TE1  The use of the symbolism <x> refers to the mean of x. This is used because the values L}

*
ab cannot be formatted with the bar above.

TE 2  This calculation uses the expression for the colour C/2¢ differences between two samples
Falculated in these coordinates as Formula (5):

ez = [ () (0" (a0")'

ere AL*, Aa*, and Ab* are the differences betweerrthe values of the two samples.

Test report

b test report shall include at least the following information:
areference to this documént; i.e. ISO 12625-15:2022;

date and place of testing;

conditioning atmoSphere used;

all details necessary to identify the material;

the typeof instrument used and a reference to the authorized laboratory providing int
reference standards of level 3 for calibration of the instrument;

hnd the

the mean

In point in

a*, b* and

which can

(5)

brnational

scribed in

f)

nd standard deviation ISO brightness and/or the C/2° colour values (as de

g)

the*mean a
1121 11 929 d11 92 21 d3f
1 1.4L.01, 1 1.L.40

ivad +1 £l o+ P | (& d = P | .
dallyu LL.L..JJ daruirl C\,lull CU, LIIT I1ICTdIT UL L1IICT LVWU SIUCTS \_LUP dllu 1CVveI ot DIUU),

any departure from this document or any other circumstance that may have affected the results.
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Annex A
(informative)

Precision

A.1 Gemerat

In July 20

laboratories according to this document. White and near white base papers and converted produ

12, an international interlaboratory test was performed on six samples by nine differ

ent
cts

were condidered for all the tested properties, but for colour measurements, three coloured produlcts
were also jassessed.
For each sgries of sample, 10 measurements have been performed on the top side,
The calculations were made in accordance with ISO/TR 24498:2006 and TAPPLT 1200.
The repegtability standard deviation reported in Table A.1 is the “pooled” repeatability standard
deviation [that is the standard deviation that is calculated as the root-mean-square of the standard
deviationg of the participating laboratories. This differs from the confentional definition of repeatability
in ISO 5725-1.
The repedtability and reproducibility limits in Table A.2 are-estimates of the maximum difference
which should be expected in 19 of 20 instances, when comparing two test results for material similaf to
those des¢ribed under similar test conditions. These estimates may not be valid for different materjals
or different test conditions.
NOTE Repeatability and reproducibility limitsCare calculated by multiplying the repeatability @nd
reproducihility standard deviations by 2,77, wherg \R-= 1,96\/5 -S.
A.2 ISO Brightness
Tablé A.1 — Estimation of repeatability
Samples Number-of Mean Repeatability Coefficient Repeatability
laboratories ISO standard of variation limit
brightness deviation
S, Cy , r
% % % %

toilet-4-ply white 9 82,2 0,15 0,19 0,42
toilet-3-ply white 7b 76,6 0,15 0,19 0,41
toilet-3-ply-white 82 572 6;17 6,29 046
hanky-4-ply white 8a 87,0 0,07 0,08 0,19
towel-2-ply white 82 81,1 0,25 0,30 0,68
base sheet 1 ply 7b 84,6 0,13 0,15 0,35
a2 One outlier.
b Two outliers.
8 © IS0 2022 - All rights reserved
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