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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.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main tagk of technical committees is to prepare International Standards. Draft International Starjdards
adopted by the technical committees are circulated to the member bodies for voting)yPublication gs an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shill not be held responsible for identifying any or all such patent rights.

ISO 9416 wag prepared by Technical Committee ISO/TC 6, Paper, board‘and pulps.

This second gdition cancels and replaces the first edition (ISO 9416:1998), of which it constitutes a teghnical
revision.
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Introduction

The opacity of a paper is dependent on its grammage, but it is also intrinsically dependent on the light-
absorption and light-scattering coefficients of the material. These coefficients are calculated from the values of
the reflectance factor over a black backing, the intrinsic reflectance factor and the grammage of the sheet.

The calculation of these coefficients requires luminance factor data obtained by measurement under specified
conditions. Apart from the optical properties of the sample, the luminance factor depends on thg conditions of
measfyirement and particularly on the spectral and geometric characteristics of the instrumerft used for its
determination. This International Standard should therefore be read in conjunction~with 150 2469 and
ISO 2471.

NOTE This method is based on a theory developed by Kubelka and Munk. This theory describes|scattering and
absorgtion processes with certain approximations and simplifications and can therefore yield questiorjable results in
extremle cases. However, the Kubelka-Munk theory offers a simple method for determining these coeff|cients with the
instrumhent used for the determination of optical properties of paper and pulps. Moteover, the method basefl on this theory
has been successfully used in practical applications.
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Paper — Determination of light scattering and absorption
coefficients (using Kubelka-Munk theory)
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3 Terms and definitions

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

3.1

reflectance factor

R

ratio of the radiation reflected by a surface element of a body, in the direction delimited by a given cone with
its apex at the surface element, to that reflected by the perfect reflecting diffuser under the same conditions of

irradiation

NOTE

Theratiois often expressed as a percentage
Ll Ll ~

3.2

luminance factor (C)

Ry
reflectance fa

NOTE 1 The
corresponds to

NOTE 2 Fo
NOTE 3 Th
Standard, it wa
3.3
single-sheet
Ry

luminance fag

34
intrinsic lum
ROO

luminance fa
thickness of |

3.5

ctor defined with reference to the visual efficiency function V(1) and the CIE illuminant C

e visual efficiency function describes the sensitivity of the eye to light, so-that the luminance
the attribute of visual perception of the reflecting surface.

computational purposes, the V(4) function is identical to the CIE 1931 colour matching function y

e luminance factor (C) is also known as the Y(C/2°)-value. In_the previous edition of this Intern
5 referred to as the luminous reflectance factor.

luminance factor (C)

tor (C) of a single sheet of paper with a black'cavity as backing

nance factor (C)

tor (C) of a layer or pad of material thick enough to be opaque, i.e. such that increasi
ne pad by doubling the number-of sheets results in no change in the measured reflectance

opacity (paper backing)

ratio of the sin
NOTE Thd

3.6

gle-sheet luminance factor (C), Ry, to the intrinsic luminance factor (C), R, of the same s3

b opacity is expressed as a percentage.

light-absorption coefficient

k

fraction of th

factor

).

ational

ng the
factor

mple

orbed

when the flux

NOTE

ennr\frgl radiant flux rhffllenl\l incident ona differential |9\Jlnr’ withina-material that is-ab

passes through the layer, d|V|ded by the thickness of the layer

The flux referred to is a radiant flux across the differential layer.
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3.7

light-scattering coefficient

AN

fraction of the spectral radiant flux diffusely incident on a differential layer within a material that is reflected
when the flux passes through the layer, divided by the thickness of the layer

NOTE 1 The flux referred to is a radiant flux across the differential layer.
NOTE 2 It is assumed that no reflection occurs at the boundaries of the material.

NOTE 3 In a two-flux system, the scattering coefficient is equal to the net transfer of flux from the stronger flux to the
weaker flux in a differential layer within a material divided by the product of the thickness of the layer and the difference
betwedn the fluxes (Reference 1] in the Bibliography).

3.8
light-scattering coefficient by reflectance factor measurements (Kubelka-Munk method)
St
coeffigient calculated by application of the Kubelka-Munk equations to luminance\factor data eighted with
respe¢t to the CIE illuminant C, obtained in an instrument having a specified-geemetry and qalibrated in a
speciffed manner, on the basis of grammage

NOTE sy is expressed in square metres per kilogram (m2/kg).

3.9
light-absorption coefficient by reflectance factor measurements (Kubelka-Munk method)
kl’
coeffigient calculated by application of the Kubelka-Munk equations to luminance factor data eighted with
respe¢t to the CIE illuminant C, obtained in an instrumént having a specified geometry and qalibrated in a
speciffed manner, on the basis of grammage

NOTE|1 k. is expressed in square metres per kilogram\(m?2/kg).
NOTE|2 Definitions 3.6 and 3.7 are strictly applicable to monochromatic light but, for the purpose of this International
Standdrd, they apply to broad-band radiation:\In-research work, s and & can and should be determined|at the relevant

wavelgngth for the study concerned. As general descriptions of a given paper, they are defined here in relgtion to the V(1)
function and the CIE illuminant C.

4 Brinciple

The Iyminance factor of@single sheet of the paper over a black cavity and the intrinsic luminance factor of the
paper|are determined>The grammage is determined in accordance with ISO 536.

The light-absofption and light-scattering coefficients are then calculated from these data using| the Kubelka-
Munk [theory.

5 Apparatus

5.1 Reflectometer, having the geometric, spectral and photometric characteristics described in 1SO 2469,
equipped for the measurement of luminance factor, and calibrated in accordance with the provisions of
ISO 2469.

5.2 Filter-function. In the case of a filter reflectometer, a filter that, in conjunction with the optical
characteristics of the basic instrument, gives an overall response equivalent to the CIE tristimulus value Y of
the CIE 1931 standard colorimetric system of the test piece evaluated for the CIE illuminant C.

In the case of an abridged spectrophotometer, a function that permits calculation of the CIE tristimulus value Y

of the CIE 1931 standard colorimetric system of the test piece evaluated for the CIE illuminant C using the
weighting functions given in Annex A.

© 1SO 2009 — All rights reserved 3
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5.3 UV-cut-off filter. To eliminate any fluorescence effect, the instrument shall be equipped with a sharp
cut-off, UV-absorbing filter having a transmittance not exceeding 0,5 % at and below a wavelength of 410 nm
and not exceeding 50 % at a wavelength of 420 nm.

5.4 Two working standards. Two plates of flat opal glass or ceramic or other suitable material, cleaned
and calibrated as described in ISO 2469.

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

5.5 Black cavity, having a reflectance factor which 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 1 The condition of the black cavity can be checked by reference to the instrument maker.

NOTE 2  The¢ nominal value is given by the manufacturer.

6 Sampling and conditioning

If the tests arg being made to evaluate a lot of paper or board, the sample should be selected in accordance
with 1SO 186/ If the tests are made on another type of sample, make sire that the test pieces takg¢n are
representativg of the sample received.

Conditioning |according to 1SO 187 is recommended but not reguired, but preconditioning with elgvated
temperatures|should not be applied since it might change the optical properties.

7 Preparation of test pieces

Avoiding watg¢rmarks, dirt and obvious defects, cutrectangular test pieces approximately 75 mm x 150 mm.
Assemble at |east 10 of the test pieces in a pad)with their top sides uppermost; the number of test pieces
should be su¢h that doubling the number does.not alter the reflectance factor. Protect the pad by placing an
additional sheget on both the top and bottom ‘of the pad; avoid contamination and unnecessary expospre to
light or heat.

Mark the top fest piece in one corper-to identify the sample and its top side.

If the top sidg can be distingtished from the wire side, it shall be uppermost; if not, as may be the cdse for
papers manufactured on twin-Wwire machines, ensure that the same side of the sheet is uppermost.

8 Procedure

8.1 Ifthes cut-off

filter is in the UVex(420) position.

8.2 Remove the protecting sheets from the test-piece pad. Without touching the test area, use the
procedure appropriate to the instrument, and the working standard, to measure the intrinsic luminance factor
R, of the top side of the test-piece pad. Read and record the value to the nearest 0,01 % of the reflectance
factor.

8.3 Remove the top test piece from the pad and, with the black cavity backing the test piece, measure the

luminance factor, R, for the same area of the test piece. Read and record the value to the nearest 0,01 % of
the luminance factor.

4 © 1SO 2009 - All rights reserved
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Subclauses 8.2 and 8.3 describe the two independent measurements required to calculate the light absorption
and scattering coefficients using the Kubelka-Munk theory in Clause 9. This text is not intended to imply that
the two measurements shall necessarily be made in this order.

8.4 Move the measured test piece to the bottom of the pad. Repeat the measurements of R and R,
moving the top test piece to the bottom of the pad after each pair of measurements, until five pairs of
measurements have been made.

This clause implies that measurements of R, and R, shall be made alternately, but this is not an essential
requirement of this International Standard. The five measurements of Ry may be made before or after the five
measurements of R__ if such a procedure is preferred, or the measurements may be made alternately.

8.5 |Turn the pad upside down and repeat procedures 8.2 to 8.4 for the other side.

8.6 [Determine the grammage of the material according to ISO 536 after conditioning) i’ ac¢ordance with
ISO 187.

NOTE For greater accuracy, the grammage of each individual test piece should be determined.

9 (Qalculation of results

Calculate the means of R, and R, for each side of the sample and"use these values to calculatg the Kubelka-
Munk [coefficients as in Equations (1) and (2).

If R, and R, are expressed as percentages, convert the percentage values to decimal fractions,|and calculate
the light-scattering coefficient s, and the light-absorption eoefficient k, using the equations:

R R, (1- RyR
g =100 Re » (1~ RoR-) (1)
w (1 - RO%) Ry, — Ry
2
s (1-R
K = u (2)
2R,
where w is the grammage, in-grams per square metre (g/m?2).
NOTE For greater agcuracy, if the grammage of each individual test piece is known, calculate s, and |k, for each pair

of medsurements and thén-calculate the mean values.

Calculate these-values to the nearest 0,1 m2/kg for each set of measurements. Report the light-scattering
coeffigient to_the/nearest whole number. If the light-scattering coefficients for the two sides of the sample do
not differ bysmore than 1,0 m2/kg, report the overall average. If the two sides differ by more than 1,0 m2/kg,
report] thenaverage value for each side separately. Similarly, report the light-absorption coefficient to the
nearest 0/1 m?/kg

10 Precision

In “Round Robin” tests involving 12 laboratories, the standard deviation within laboratories was about
0,7 m2/kg for the light-scattering coefficient and about 0,05 m2/kg for the light-absorption coefficient.

The standard deviation between the different laboratories was about 2,0 m2/kg for the light-scattering
coefficient and 0,2 m2/kg for the light-absorption coefficient.
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11 Test report

The test report shall include the following information:

a)
b)
c)
d)
e)
f)

¢)]

a reference to this International Standard;

precise identification of the sample;

date and

the light-scattering coefficient and light-absorption coefficient;

place of testing;

the type ¢f instrument used, and whether or not the instrument was adjusted to UVex(420) condition

the atmosgphere used for conditioning;

any depd
the result

S.

(g

rture from this International Standard or any circumstances or influences that may have affected
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