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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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as an International Standard requires approval by at least 75 % of the member b
fe.

5. [SO shall not be held responsible for identifying any or all such patent rights.

fas prepared by Technical Committee [SO/TC 6, Paper, board andpulps.
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Part 2.

hsk of technical committees is to prepare International Standards. Draft Internatjonal
dopted by the technical committees are circulated to the member bodies for vqting.
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edition cancels and replaces the first edition (ISO 22891:2007), of which it constitutes a
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Introduction

1:2013(E)

This International Standard presents a method of determining the transmittance indirectly from
reflectance factor data obtained by measurement under specified conditions. The equation used to
calculate the transmittance is based on the Kubelka-Munk theory of light scattering and light absorption,
and the equation can therefore only be strictly applied if measurements are made on materials which
scatter light sufficiently to justify the application of this theory.

The reflectance factor depends on the conditions of measurement, and particularly on the spectral and
geometric characteristics of the instrument used for its determination. This International Standard
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The transmittance value obtained by this method is a single value compatible with the opacity value

determined according to ISO 2471, since all measurements are related to the luminan'cefactd

with

The method described in this International Standard gives only the total trapsmittance 3
distipguish between regular transmittance and diffuse transmittance It does not prov
ure of the ability to distinguish, for example, written text through@+transparent mediyim. This can

mea
be a{

Itis emphasized thatthis method is for the determination not of the€ransmittance by direct m
but pf the transmittance obtained indirectly from reflectanee factor measurements.
condjiitions, they are the same, but in practice, it can be necessary to emphasize the differen

respect to the CIE illuminant C.

sessed only if the ratio of the regular to the diffuse transmittanee s known.
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INTERNATIONAL STANDARD IS0 22891:2013(E)

Paper — Determination of transmittance by diffuse
reflectance measurement

1 Scope

This International Standard specifies a method for the calculation of transmittance based upon diffuse
reflertaTce MEaSUTEMETTLS:

The yise of the method is restricted to white and near-white translucent papers (see 3.9):Ifitfis necessary
to dgtermine the transmittance of papers which contain fluorescent whitening agentsy the fluorescence
emispion is eliminated using the prescribed UV cut-off filter.

NOTH This means that, although this International Standard refers to ISO 2469/ which permits the use of

both filter colourimeters and abridged spectrophotometers, a filter colourimeteywith no means of eljminating the
emisgion of fluorescence is not suitable for this type of measurement if fluorescent whitening agent§ are present.

2 Normative references

The following referenced documents are indispensable for.the application of this documernt. For dated
referjences, only the edition cited applies. For undated references, the latest edition of th¢ referenced
docujment (including any amendments) applies.

ISO 186, Paper and board — Sampling to determine @verage quality
ISO 4469, Paper, board and pulps — Measurement of diffuse radiance factor (diffuse reflectange factor)
ASTM E308-06, Standard Practice for Computing the Colors of Objects by Using the CIE System

3 Terms and definitions

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

31
reflédctance factor
R
ratio| of the radiation reflected by a body to that reflected by the perfect reflecting diffus¢r under the
same conditions(of illumination and detection

Note |l to entry: This ratio is often expressed as a percentage.

3.2

luminance factor (C)

R
Y

reflectance factor weighted with reference to the colour matching function y (A) of the CIE 1931(2°)

Standard Observer and the CIE illuminant C

Note 1 to entry: This property corresponds to the attribute of visual perception of the luminance of the reflecting
surface. The strict definition refers to the luminous efficiency function (for photopic vision) V(A). Since this
function is identical with the y (A) function, the latter is preferred here, since it is more familiar in a paper
technology context and it is this function which is indicated in connection with the ASTM E308 tables necessary
for the computations.

Note 2 to entry: Since the concept of “luminance” in this International Standard is strictly for small fields of view,
it only embodies the y (1) function of the CIE 1931(2°) Standard Observer. Thus, it is sufficient to only add the
qualification (C) to indicate the CIE illuminant C, and not the full designation (C/2°).

© IS0 2013 - All rights reserved 1
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single-sheet luminance factor (C)

Ro

luminance factor (C) of a single sheet of paper over a black cavity

3.4

white backing luminance factor (C)

Rw

luminance factor (C) of a white backing

3.5

intrinsic lu
Reo

luminance f3
thickness of

3.6
transmitta
T

ratio of the {

[CIE Publicaftion 17.4:1987, 845-04-59]

3.7

regular tra
Tr

ratio of the J

[CIE Publication 17.4:1987, 845-04-61]

3.8

diffuse tralpsmittance

Td
ratio of the

[CIE Publicattion 17.4:1987, 845-04-63]

Note 1 to ent

39

transparent medium

medium in ¥
in the spect

[CIE Publication 17%4+1987, 845-04-108]

Note 1 to entj

H £ 'y L
LIITIIAIICTC TdU UL [‘.‘J

ictor (C) of a layer or pad of material thick enough to be opaque, i.e. such that incféasin|
Lhe pad by doubling the number of sheets results in no change in the measured luminance f|

ice

ransmitted radiant or luminous flux to the incident flux under givef conditions

nsmittance

regularly transmitted part of the (whole) transmitted flux to the incident flux

liffusely transmitted part of the/{whole) transmitted flux to the incident flux

'y T =Tp + T4.

bhich the trapsmission is mainly regular and which usually has a high regular transmitt
Fal range ofifterest

y-QObjects may be seen distinctly through a medium, which is transparent in the visible region,

geometric fot

o the
hctor

ance

if the

mofthe mediumis suitahle

3.10

translucent medium
medium which transmits visible radiation largely by diffuse transmission

[CIE Publica

tion 17.4:1987, 845-04-109]

Note 1 to entry: Objects are not seen distinctly through a translucent medium.

© ISO 2013 - All rights reserved
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3.11
tran
T

IS0 22891:2013(E)

smittance from reflectance factor measurements

transmittance obtained by direct measurement of luminance factor (C) (filter reflectometer) or
determination of luminance factor (C) from measured reflectance factors (abridged spectrophotometer)
and subsequent calculation as defined in this method

4 Principle

The luminance factors of a single sheet of paper over a black cavity and over a white backing are

dete

the I

5

5.1

ISO 3

prov

5.2

char

of th

In th

valug

Cusi
UVc

5.3

prov
accu
parti

If thd
colot
refer

1

- A | b= - . b= 21 | -1 [anl] . e - 1
TIITITET Oy MIedsS Ul CHITIIC dCCOT UIITg t0 Stdlladl i proCcetures. 1 11e 1 dIISTIICCaIICe Is cdlq
iminance factors.

Apparatus

Reflectometer, having the geometric, spectral and photometric_characteristics ¢
469, equipped for the measurement of the luminance factor, and calibrated in accorda
sions of [SO 2469.

icteristics of the basic instrument, gives an overall responsé €quivalent to the CIE tristin
e CIE 1931 standard colourimetric system of the test piece evaluated for the CIE illumin

e case of an abridged spectrophotometer, a functiomwthat permits calculation of the CIH
Y of the CIE 1931 standard colourimetric system-of the test piece evaluated for the CI
hg the weighting functions given in Annex A. The spectrophotometer should be fitted w
1t-offf filter for fluorescence elimination, as\déscribed in ISO 24.69.

sions of ISO 2469 for calibratien\of the instrument and the working standards. Fqg
Facy, reference standards having“assigned values within the maximum range expe
cular product to be tested should be selected.

re is reason to suspectthat the instrument has poor linearity or that the deviations ff
r matching and obsérver functions are greater than can be tolerated, the use of proc
ence standards shotdld be considered.

Use mew reference'standards sufficiently frequently to ensure that the reflectometer is m

agre

5.4
level

frequ

bment with-the reference instrument.

Twe-working standards, calibrated in the apparatus concerned against ISO reference
3 supplied by an authorized laboratory (see ISO 2469). Calibrate the working standard

ulated from

lescribed in
hce with the

Filter-function: in the case of a filter reflectometer, a filtef that, in conjunction with the optical

ulus value Y
ant C.

tristimulus
E illuminant
itha 420 nm

Reference standards, issued by an ISO/TC 6 authorized laboratory in accordance with the

r maximum
rted for the

om the true
luct-specific

hintained in

standards of
5 sufficiently

ently to ensure that satisfactory calibration is maintained.

5.5 Black cavity, for calibration or validation of the low end of the photometric scale, and also for use
as a black backing for some of the measurements. This black cavity shall have a radiance factor which does
not differ from its nominal value by more than 0,2 percentage points at all wavelengths. The black cavity
should be stored upside-down in a dust-free environment or with a protective cover. During calibration,
the instrument shall be adjusted to the nominal value of the black cavity.

It is not yet possible to institute a system of reference standards to enable testing laboratories to check
the reflectance factor of the black cavity. At the time of delivery, the level should be guaranteed by the
instrument maker. Questions concerning the use and condition of the black cavity should be resolved by
contacting the instrument maker.

5.6 White backing, consisting of an opaque non-fluorescent white material with a flat, matt surface.

© IS0 2013 - All rights reserved
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NOTE A

6 Sampl

:2013(E)

pad of paper or a ceramic tile is suitable.

ing

If the tests are being carried out to evaluate a lot, the sample should be selected in accordance with
ISO 186. If the tests are carried out on another type of sample, make sure that the test pieces taken are
representative of the sample received.

7 Preparation of test pieces

Avoiding w3
75 mm x 15

Mark the tef

If the top si(
for papers 1

8 Procedure

8.1
the fluoresc
beam, as ind

8.2 Using
instructions
the nearest

8.3 Witho
luminance f:
luminance f:

8.4 Place

and determine the single-sheet luminance factor (C), Ro. Read and record the value to the nearest 0,

luminance fj

8.5 Repealt 8.3 and 8.4.until five pairs of measurements have been made.

NOTE By
necessaryto

9 (Calcul

If the fest material contains or is suspected to contain a fluorescentwhitening agent, make sur

termarks, dirt, and obvious defects, cut at least five rectangular test pieces approxim|
D mm. Place the test pieces between the protecting sheets.

t pieces in one corner to identify the sample and its top side.

le can be distinguished from the wire side, it shall be uppermost; if not, @s'may be the

brice emission is eliminated by inserting the 420 nm UV, cut-off filter (see 5.2) into the
icated in ISO 2469.

the procedure appropriate for the instrument in accordance with the manufacty
determine the luminance factor (C) of the white backing, Ry,. Read and record the val
D,01 % luminance factor (C).

jut touching the test area, place the first test piece over the white backing and determin|
ictor (C) of the top side of the test piece, R. Read and record the value to the nearest 0,
ctor (C).

the first test piece over the-black cavity, so that the same region is in the measurement

ctor (C).

r definition,) transmittance is independent of illumination direction and it should therefore n
make measurements on both sides of the sheet.

ately

case

lanufactured on double-wire machines, ensure that the same side of the sheet is upperinost.

 that
light

rer’s

ue to

e the
D1 %

port,
01 %

ot be

aton

For each pair of readings, calculate the transmittance, T, according to Formula (1):

T=[(R-

Ro) (1/Rw - Ro)]1/2

M

where the luminance factor (C) values are expressed as decimal fractions and not as percentages, and where

R

is the luminance factor (C) of the test piece over a white backing (8.3);

Ry isthe luminance factor (C) of the white backing (8.2);

Ro is the luminance factor (C) of the test piece over the black cavity (8.4).

© ISO 2013 - All rights reserved
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Calculate the mean and standard deviation, and express the results as percentages with one decimal.

NOTE1 Formula (1) is equivalent to Formula (2):

T = [(Reo - Ro) (1/Reo - Ro)]1/2

(2)

but, since the determination of R can be difficult with a translucent material because of, for example,
edge-losses, Formula (1) is preferred in this International Standard, and the use of Formula (2) is not in
accordance with this International Standard

NOTE 2  For greater accuracy, the Kubelka-Munk analysis can be applied to the spectral data as in Formula (3):
1) ={[R (A) - Ro (M)] [1/Rw(R) - Ro (N)]}1/2 (3)

but this is outside the scope of this International Standard.

10 Test report

The test report shall include the following details:

a) the date and place of testing;

b) aprecise identification of the sample;

c) 4qreference to this International Standard, i.e. ISO 22891;

d) the mean transmittance and the standard deviation;

e) the type of instrument used;

f) yhether or not a 420 nm cut-off filter was'used to eliminate fluorescence;

g) any departure from this International Standard or any circumstances or influences thaf might have
dffected the results.

© IS0 2013 - All rights reserved 5
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Annex A
(normative)

Spectral characteristics of reflectometers for measuring luminous

reflectance factors

A.1 Forf

The requirg
integrating

they, togethe
1lus Y-value for the CIE 1931 standard observer of the test piece (éstablished fo
1 illuminant C.

CIE tristimi
CIE standar

A.2 Fora

The desired
factors and
and the CIE

ASTM E308
the tables w
bandpass d
bandpass is

The figure |

algebraic sum of the entries. It provides, as a convenience, a check value to ensure that the tables

been copied
point” data

The following instructions, given in"ASTM E308-06, section 7.3.2.2, should be applied when the v

are not avai

Wavelength
range, add t
or longest w

a) add the

next hig

Iter colourimeters

d spectral characteristics of the reflectometer are arrived at by a combination of 13
spheres, glass optics, filters, and photoelectric cells. The filters should, be such
r with the optical characteristics of the instrument, give a response-gquivalent t

bridged spectrophotometers

reflectance factors are obtained by summing the products of the spectral reflect
the weighting functions (Table A.1) given in ASTM E308-06 for the CIE 1931 (2°) obs
illuminant C.

061 presents two sets of tables. The values given in the table in this annex are taken
hich should normally be used. They have beelrprepared to apply a correction for sp¢

approximately equal to the measurement interval.

pbelled “Check sum” at the bottom©f each column of the tables given in this annex i

correctly, should copying be required. These check sums may not be identical to the “V
ocated below them becauséwef round-off.

able at the top or atthe bottom of the range:

range less than-360-780 nm. When data for R(A) are not available for the full waveld
he weights at'the wavelengths for which data are not available to the weights at the sho
avelength for'which spectral data are available, i.e.

weights for all wavelengths (360 nm, ...,) for which measured data are not available t
her‘weight for which such data are available, and

mps,
that

b the

the

ance
prver

from
ctral

bpendence built into the calculation of the*tristimulus values, using data for which the

s the
have
Vhite

hlues

ngth
rtest

D the

b) add the

Welights for all wavelengtns (..., 780 nimJ for which measured data are not available t

next lower weight for which such data are available.

o the

Table A.1 — Weighting functions for instruments measuring at 10 nm or 20 nm intervals

Wavelength Y-weights Y-weights
nm 10 nm 20 nm
360 0,000 0,000
370 0,000
380 0,000 0,000

1) Reprinted, with permission, from ASTM E308-06, copyright ASTM International, 100 Barr Harbor Drive, West

Conshohocke

6

n, PA 19428. A copy of the complete standard may be obtained from ASTM (www.astm.org).
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Table A.1 (continued)

Wavelength Y-weights Y-weights
nm 10 nm 20 nm
390 0,000
400 0,002 0,001
410 0,007
420 0,032 0,044
430 0,118
440 0.259 0491
450 0,437 ,\‘b
460 0,684 1,308 (]9
470 1,042 N
480 1,600 3,062 %Q)
490 2,332 %
500 3,375 6,5960
510 4,823 N
520 6,468 {12925
530 7,951
540 9,193 \\b K 18,650
550 9,889 O:’QV
560 9,808 20,143
570 (9186
580 8,008 16,095
s90 YT e62
600 O 5,302 10,537
610 -~ 4,168
630 3,147 6,211
630 2,174
(®) 640 1,427 2,743
O)\" 650 0,873
Q 660 0,492 0,911
?9" 670 0,250
%Q 680 0,129 0,218
«?* 690 0,059
%) 700 0,028 0,049
710 0,014
720 0,006 0,011
730 0,003
740 0,001 0,002
750 0,001
760 0,000 0,001
770 0,000
780 0,000 0,000
Check sum 99,999 99,998
White point 100,000 100,000

© IS0 2013 - All rights reserved 7
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Annex B
(informative)

Relationship between transmittance and opacity

The transmittance of a paper is, in a sense, the opposite of its opacity, but the two properties are defined
so that mathematically they are not simply related to each other.

If Rg is defined as the reflectance factor of a single sheet over a black cavity and R as the reflectance
factor over gn opaque pad of the same material, then according to the equations given by KubelkalP].

Opacity F Ro/Reo (B.1)
Transmittance = [(Reo—Ro)(1/Rw — Ro)]1/2 (B.2)

This means|that transmittance is a function of both opacity and reflectivity; Rw, as shown in Table B.1,
and it is notjpossible to calculate the transmittance from an opacity value alone.

Table B.1 — Relationship between transmittance and opacity

. Transmittance
Opadity Rx=1,0 Re =09 R»=10,8 Rx=10,7
0,1 0,90 0,91 0,92 0,93
0,2 0,80 0,82 0,84 0,85
0,3 0,70 0,73 0,75 0,77
04 0,60 0,64 0,67 0,69
0,5 0,50 0,55 0,58 0,61
0,4 0,40 0,45 0,50 0,53
0,7 0,30 0,36 0,41 0,44
0,9 0,20 0,27 0,31 0,35
09 0,10 0,16 0,20 0,24
1,0 0,00 0,00 0,00 0,00

8 © IS0 2013 - All rights reserved
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