INTERNATIONAL ISO
STANDARD 23498

First edition
2020-09

Graphic technology — Visual opacity
of printed white ink

Technologie graphique — Opacité visuélle de l'encre blanghe
imprimée

Reference number
1SO 23498:2020(E)

©1S0 2020


https://standardsiso.com/api/?name=207ecaefd7972c374fda0513f7ae60c3

IS0 23498:2020(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2020

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 ¢ Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=207ecaefd7972c374fda0513f7ae60c3

IS0 23498:2020(E)

Contents Page

FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv

IIMETOUICEIONL. ..ot 8885 v

1 S0P ... 1

2 NOTINATIVE FEEETE@IICES ............ooooiooeee st 1

3 Terms and AefiIE IO ... 1

4 Requirements.............. 1

4.1 General ... 1

4.2 Specimen preparation..... w2

4.2 1 GENETAL el e e 2

4.2.2  Printing on transparent SUDSTIAtes. ... G s 2

4.2.3  Printing on the test substrate .3

4.2.4  Printing on production SUDSEIate ... e 3

4.3 MEASUTEIMENTS .....ooooooiirieiiceees i Ny oo 4

4.4  Calculation of opacity. 5

441 General........ 5

4.4.2  Visual opacity.... .6

4.4.3  Extension of visual opacity calculation fofcoloured inks and substrates................ 6

5 REPOTEIIIG .......oooo s AN et | 6
Annex A (informative) Recommendations for testing metrics for opacity of coloured inks

AN SUDSEIATES ... N s s 8

BIDIIOZTAPIY . ....oooce et bt 9

© 1S0 2020 - All rights reserved iii


https://standardsiso.com/api/?name=207ecaefd7972c374fda0513f7ae60c3

ISO 23498

:2020(E)

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

Methods for measuring the transparency or opacity of printing inks and paints have been described
in a number of publicationslI-[4]. Standard methodsll] for paints are based on the reflectance of the
colorant when printed over a black background relative to the reflectance of the black background
without coloration. The contrast ratio method described in Reference [1] is widely used in the industry
for evaluating opacity, but results can vary significantly depending on how it is used especially where
white ink printed upon on transparent substrates are measured, or where a standard test substrate is
not used.
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document was limited-to the evaluation of such inks. A method is described in Annex A s
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[ tristimulus value, which is not as perceptually uniform as other derived CIE coloar
76 CIELAB. Transparency is related to opacity but is not equal or equivalent to-opacity
des a measure of transparency.

e transparent imaging model introduced from PDF 1.4, objects can bedgss than fully

"solidity" rather than opacity, but these terms are essentially the"same. An opacity
 of 1,0 describes an ink that completely hides the inks beneath, while a value of 0,0
parent ink that completely reveals the inks beneathl2], for,example a clear varnish
ors specify the opacity of one or more inks, and anticipaté that this specified opacity
the visual appearance of both preview and final prin& This document is intended

ured value is not the opacity of the ink per se but,of the ink as printed. This aspect
rtant when assessing inks printed using inkjetjprinters. For the opacity value so me{

rinting can be repeated.

e is thus a need for a metric for opacity~which has better agreement with visual per

h1ly transparent and fully opaque prints respectively. These requirements exclude th
rast ratio metric.

method described in this document was tested using the data reported in Reference [§
n to correlate well with the visual perception of opacity.

document is limitéd,to the opacity of "opaque" white inks, as the published work

spaces such
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the objects in a stack can potentially contribute to the final appearance of the page. RDF uses the

or "solidity"
describes a
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pasure the opacity of inks printed using a known configuration of a printing systemp and so the
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used so that
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stency with the PDF model, it is expected that the metric produces values in the rapge 0 to 100

e use of the

|, and it was

Cited in this
howing how

locument could be extended to test coloured inks. We anticipate that in the future this standard

| be extended.if there is a need and adequate experimental data. For this reason, the vi
ic definedin this document is not the simplest formula that fits the experimental dat
bives good results and can readily be extended to colour inks and substrates if required
sed<ont functions used in the Spot Colour Tone Value (SCTV) defined in ISO 20564.

sual opacity
a, but is one
. The metric

Opag

ue witite inks are formutated to be refatively opaque to light i order to hideany

underlying

matter, in contrast to "transparent” white inks which are formulated to permit transmission of light
and are commonly used to extend coloured inks. For the purpose of this document, white ink is an ink
formulated with an opaque white colorant that has a neutral colour and a reflectance factor greater
than 80 %, and which is intended to have high opacity.

This document is also limited in the range of substrates to which it is intended to apply. Substrates
should be either transparent, or have a CIELAB L* lightness of 80 or above and a CIELAB C*,;, chroma of
20 or less.

Various factors can affect the appearance of opacity on a given substrate, including the presence of
optical brightening agents in the ink or substrate, and to minimize such effects, it is assumed that the
material is viewed and measured under standard conditions, where the viewing condition is defined by
1SO 3664171 P1 or P2 condition and the measurement by ISO 13655 M1 condition.

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=207ecaefd7972c374fda0513f7ae60c3



https://standardsiso.com/api/?name=207ecaefd7972c374fda0513f7ae60c3

INTERNATIONAL STANDARD ISO 23498:2020(E)

Graphic technology — Visual opacity of printed white ink

1 Scope

This document specifies a method of measuring the visual opacity of printed specimens of white ink.
It is applicable to printing opaque white ink on transparent and white or coloured opaque substrates.

2 lLIormative references

The following documents are referred to in the text in such a way that some ox:all of their content
constitutes requirements of this document. For dated references, only the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO 13655, Graphic technology — Spectral measurement and colorimétnic computation| for graphic
arts fmages

3 Terms and definition
For the purposes of this document, the following terms and:definitions apply.

ISO gnd IEC maintain terminological databases for use.ifv standardization at the following dddresses:

— ISO Online browsing platform: available at httfs://www.iso.org/obp

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

3.1
contrast ratio
ratio| of the reflectance of an ink filmron a black substrate to that of an identical ink film on a white
substrate

3.2
opadity
ability of a film or sheeb of material, such as ink, paint or paper, to hide a surface behind and in
contact with it

3.3
opadue white
colorjant fortnulated to have a neutral colour and a reflectance factor greater than 80 %, 3nd which is
interjded.t6 have high opacity (3.2)

4 Requirements

4.1 General

Depending on the needs of the final product, white ink may be printed directly on to the substrate,
to form a base for other inks to be printed on top, or it may be printed on top of other inks, especially
where the substrate is transparent and intended to be viewed from the reverse side. The substrate may
be a transparent film or an opaque material such as paper or board.

© IS0 2020 - All rights reserved 1
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4.2 Specimen preparation

4.2.1 General

A test chart

is prepared which comprises four regions:

— unprinted substrate (S),

— ink on substrate (IS),

— black printed region (B), and

Test charts

1:2017, Ann
different pr

to print on {
The latter 1

value than t

The test chd
black region

can be used
NOTE 1 T

NOTEZ2 T

be the same

4.2.2 Printing on transparent substrates

A test form

substrate u{

This printed

white ink is

shown in Fig

ink on b

!

Preparation|

lack printed region (IB).

| test substrate and in such cases a substrate of the type used in preduction may be

he substrate of the test chart.

rt substrate shall have a CIE tristimulus value Y of 80 + 2-(ite. a CIELAB L* of 92 + 1)
shall have a CIE tristimulus value Y of 5 (CIELAB L* of 27,%) or less. A black test subs
for the black regions, in which case it shall have a CIE tristimulus value Y of 5 or less.

ese values have been chosen to correspond to the ISO 6504-3 test chart.
e requirements for the white test substrate correspond to the test substrate defined in ISO 28

of samples for different substrates is deseribed in 4.2.2. In all cases the ink density s}
or very similar, to that used for production printing.

comprising a region of whiteink of at least 4 cm x 2 cm shall be printed on the transp
ing the printing system configured as intended to be used for production.

placed over the blaeRregion with the remainder placed over the unprinted test substrg
rure 1.

shall be prepared on either a test substrate or a production substrate and nieasur¢
described i 4.3. A standard test substrate, such as the reference substrate describedCin-1SO 2
bx A gives more consistent results, for example to allow comparisons to be made bet}
nting systems, but in some situations (such as printing using inkjet) itanay not be fe3

hethod is only recommended when the production substrate has-aSignificantly lov

bd as
B46-
veen
sible
1sed.
ver Y

The
trate

46-1

1ould

hrent

test form shall be fixedto a standard opacity test chart so that roughly half of the region of

te as
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H

egion printed with white ink (minimum size: 4 cm x 2 cm)
Figure 1 — White ink on transparentsubstrate

substrate should be fixed to the opacity test chart in.the same way as the productio

n prints are

fixed to the final product. For example, the printed side of the substrate may be positioneﬂi so that the

printed side is in contact with the product, the transpatent substrate may be fixed with ad

prod

4.2.3 Printing on the test substrate

The {
2 cm|

4.2.4 Printing on production:substrate

In mlany cases, especially when printing using digital printing systems, it is desirable

the d
mela|

In thiis case, a region of the substrate shall be printed with the black process ink. This re
be allowed to diiy-When dry, the white ink shall be used to print a region of at least 4 cm x
which should everlap the black region as shown in Figure 2.

© ISO

uct, heat may be applied to shrink the transparent substrate and so on.

x 2 cm on both the black regionand the substrate.

pacity of an ink as-printed by the system on a specific substrate. Examples include
ine or similar plastic substrates.

esive to the

nk to be tested shall be printed acress a region of the test substrate including a minignum area of

to measure
printing on

gion should
2 cm half of
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o

Key
1  productipn substrate

2 black region printed with process black ink

3 region printed with white ink (minimum size: 4 cm x 2 cm)

Figure 2 — Printing on production substrate

4.3 Measurements

CIE XYZ megasurements of printed and unprinted specimensyfor the purpose of determining viisual
opacity shall be made according to ISO 13655, using 45°:0°(or 0°:45°) geometry and, CIE Illumnant
D50 for colofimetric computation. The measurement condition should be M1. Where this is not posfible,
measuremeht conditions MO or M2 may be used. In that case, the measurement condition used |shall
be reported} Where the region being measured (which may be a combination of print and opacity test
chart) is noff completely opaque, measurements shal be made using white backing.

All measur¢ments for opacity tests shall be~made using the same measurement condition. When
comparing measurements made using different instruments, the second set of measurements should
use the measurement conditions reported-by the first one.

CIE XYZ mepsurements shall be made of the four regions shown in Figure 3. If using a measurement
aperture of 4 mm or less, a minimum of four measurements should be made at different points agross
each region pnd their mean value'recorded. If using a larger aperture of 6 mm, 8 mm or 10 mm, reaglings
at only two flifferent points-are required.

4 © IS0 2020 - All rights reserved
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ink on substrate
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Figure 3 — Measurement points

Calculation of opacity

General

il opacity shall be calculated by the method\in 4.4.2. Figure 4 illustrates the fou
inted substrate (S), ink on substrate (IS), black printed region (B) and ink on black pr
whose measurements are used in the calculations.

B IB IS S

A

substrate

ink on substrate
ink on black region
black region

Figure 4 — Measurement regions for substrate and ink

- regions of
nted region

Visual opacity is defined from measurements of the white ink printed upon white and black regions, as
in 4.4.2.

© ISO
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4.4.2 Visual opacity

Visual opacity shall be expressed as Formula (1):

0. = VIBy - VBy
=
Vis _VBy
where
¢
— IB .
VIBy—f )-116—16,
5
YB
VBy=f — |-116-16;
S
Y
IS .
Vig,=f Y—] 116-16;
S
and where
1
Fl=(o° irus( 2]
u)=(p) ifu>| —
3
841 4 6
u)=— |- (u)+| — ifug| —
fu) 108]( ) (29) (29)
where
u is either (Y,5/Y) or (Yg/Ys) or (Yi5/Ys);
Yip, Yp, . :
vy are the CIE Y measurements of thé.regions B, IB, IS and S, respectively.
s Is
NOTE Fdrmulae (1) to (3) result in substrate-relative values and are similar to those for the calculat
SCTV in ISO 30654.
4.4.3 Extension of visual opagity calculation for coloured inks and substrates
Although there is currently,no empirical data to support the extension of the visual opacity m
to inks or spbstrates with-a colour other than white, such a metric is envisaged and is describ
Annex A.
5 Reporting

M

(2)

(3)

on of

etric
bd in

The following shall be reported:

a) visualo

b)

pacity according to this document, i.e. [SO 23498:2020;

information regarding the inks and printing systems used;

the printing system used and the printing conditions;

latter the characteristics of the substrate including:

c)
d)
1) CIE
2) the
6

XYZ measurements made according to ISO 13655;

type of material (e.g. paperboard, plastic, etc.);

a description of the substrate used, i.e. whether a test substrate or production substrate, and if the
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