INTERNATIONAL ISO
STANDARD 21760-1

First edition
2019-05

Adhesives for organic electronic
devices — Determination of water
vapour transmissionrate —

Part 1:
Adhesive film preparation methods

Adhésifs pour dispositifsélectroniques organiques — Détefmination
du taux de transmission de vapeur d'eau —

Partie 1: Méthodes de préparation du film adhésif

Reference number
1SO 21760-1:2019(E)

©1S0 2019


https://standardsiso.com/api/?name=cfdca249d5aab3b267566f2f6b2039e1

ISO 21760-1:2019(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2019

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 [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=cfdca249d5aab3b267566f2f6b2039e1

Contents

IS0 21760-1:2019(E)

Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
1 S0P ... 1
2 NOITNATIVE TEECI@INCES .........occccocovoveieiesssse st 1
3 Terms and AefiETIOMIS ... ss st 1
4 PIIICIPLIC ...t 1
5 TCBt DlJC\.;lllCllD 2
5.1 Substrate for non-self-supporting adhesives 2
5.2 Preparation of teSt SPECIMENS ... w2
5.2.1  Preparation of non-self-supporting adhesives on a substrate ., .=. 7.} 2
5.2.2  TeSt SPECIIMEIN .ot | 3
5.2.3  Number of SPECIMENS. ... Wi e 3
6 CONAILIOMUIIG ... sees e s e 3
Determination of the thickness of the adhesive ... 5]
7.1 T3 1<) - S S
7.2 Determination of the thickness of the adhesives by cal¢ulation
7.3 Determination of the thickness of the adhesive by‘eptical, mechanical or other
SUItADIE METNOAS ....ooo o s e, 3
8 TESTIMETNOAS ... AR 4
9 PIOCEAUTE..........ooooccceees s (o fossss e
9.1 General
9.2 Water vapour transmission rate, Wjs, of the substrate plus adhesive film.........}cccoos 4
9.3 Water vapour transmission rate; W5, of the substrate......... e, 4
10 Calculation..................... .5
10.1  General w5
10.2  Water vapour transmjssion rate, Wy, of non-self-supporting adhesive films.....J...cco. 5
11 T@SE COMAITION ... et | e 5
12 T@SET@SULT ... et | e 5
13 PIECISTON ..ot ekt 6
14 T@ST TEPOT T .0 et ettt e 6
Annex A (informative) Spin coating application methods ... o 7
Annex B (informative) Blade coating application methods
Annex C (informative) Spray coating application methods
BIDJEOGTAPIY ...t

© IS0 2019 - All rights reserved

iii


https://standardsiso.com/api/?name=cfdca249d5aab3b267566f2f6b2039e1

ISO 21760-1:2019(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.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
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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INTERNATIONAL STANDARD IS0 21760-1:2019(E)

Adhesives for organic electronic devices — Determination
of water vapour transmission rate —

Part 1:
Adhesive film preparation methods

1 (Scope

Thif document specifies six methods for determining the water vapour transmission rate ¢f adhesive
films coated on a plastic substrate.

The adhesive is used in organic electronic devices such as organic light-emitting diodes.

Thg methods provide rapid measurement over a wide range of water vapour transmission rgtes.

2 |Normative references

The following documents are referred to in the text in such a way that some or all of their content
conktitutes requirements of this document. For datedreferences, only the edition cited gpplies. For
undated references, the latest edition of the referenced’document (including any amendmengs) applies.

[SO|2808, Paints and varnishes — Determination offilm thickness
[SO|4593, Plastics — Film and sheeting — Determination of thickness by mechanical scanning

[SO[15106 (all parts), Plastics — Film and!sheeting — Determination of water vapour transmisgion rate

3 |Terms and definitions
For|the purposes of this document, the following terms and definitions apply.
[SO|and [EC maintain terminological databases for use in standardization at the following addresses:

— |ISO Online brewsing platform: available at https://www.iso.org/obp

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

31
waterxapour transmission rate
am@uit of water vapour transmitted per unit area of test specimen (3.2) per unit time undqr specified
conditions

Note 1 to entry: It is expressed in grams per square metre per 24 h [g/(m?2 x 24 h)].

3.2
test specimen
supporting substrate with coating of adhesives applied to it

4 Principle

A test specimen consists of a non-self-supporting adhesive film on a plastic substrate. The test specimen
is mounted in a transmission cell forming a sealed barrier between two chambers.

© IS0 2019 - All rights reserved 1
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The upstream chamber is usually the wet side and the downstream chamber is usually the dry side.

The amount of water vapour transmitted through the specimen is detected by a sensor capable of
providing an electrical output signal.

Since the water vapour transmission rate of a non-self-supporting adhesive cannot be measured
directly, it is necessary to measure the water vapour transmission rate of the adhesive plus substrate
and the substrate alone.

When calculating the water vapour transmission rate of a non-self-supporting adhesive, the water
vapour transmission rate of the substrate shall be taken into account. The reciprocal number of the
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5.2 Preparation of test’specimens

5.2.1 Pr
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UT transmission rate of the adnesive 1S obtalned by subtracting that of the substrate a
f the substrate plus adhesive.

uch as a light-emitting layer in the flexible organic electronic device are degraded by
h of a very small amount of water vapour. Both the plastic substrate and adhesive film (
re required to have high barrier properties. The method for determining,the-water vag
bn rate of plastic substrates is specified in accordance with one of ISO 15106-1, ISO 1510
3, 1SO 15106-4, ISO 15106-5, or ISO 15106-6.

vapour transmission rate of self-supporting adhesive film shall be.determined in accordd
5106 (all parts).
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strate for non-self-supporting adhesives

reneous material which has a water-vapour _tikansmission rate larger than 1 g/(m2 - 2
for use as the substrate for non-self-supporting adhesives, for instance poly(ethy
hte) film.

the mean thickness, ds, of the substrate using a suitable method selected from th
ess of the PET substrate, ds, shall be selected from the following values: 12 pm, 25 pm, 50
because these are easy tgoptain and commercially available.

pate should not be porous material.
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Apply the

adhesive material to be tested to the substrate in accordance with the manufactur

er’s

application instruction.

The optimum thickness of the adhesive is dependent on the coating method. The total thickness of the
adhesive shall be in the range of 3 pm to 60 um. It is recommended to be selected from the following
values: 5 um, 10 pm, 20 pm or 50 pm.

Several coating methods are available. These are described in the following annexes:

— Annex
— Annex

— Annex

A: Spin coating application method;
B: Blade coating application method;

C: Spray coating application method.
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To improve the barrier properties, not only resins (such as epoxy, urethane and acrylic), but also resins
and multi-layered films containing an inorganic filler or desiccant have been used as a seal material. In
this case, the same test procedure can be applied.

Methods other than these shall be agreed upon by the interested parties.

5.2.2 Test specimen

The specimens shall be representative of the material, free from wrinkles, creases and pinholes, and
have uniform thickness. Each specimen shall have a larger area than the transmission area of the cell.

NOTE Uneven specimens are not suitable due to water vapour leakage.

5.2/13 Number of specimens

Three specimens shall be tested unless otherwise specified or agreed between the interested parties.

6 |Conditioning

The specimens shall be conditioned at 23 + 2 °C and 50 + 5 %RH for a\length of time appropfiate to the
material under test, unless otherwise agreed between the interested parties.

7 |Determination of the thickness of the adhesive

7.1 General

The thickness, d, of the adhesive is not used totcalculate the water vapour transmission rate; it is
necessary when comparing the transmission\coefficient. It may be determined by calculgtion or by
optjcal, mechanical or other suitable methods.

NOTE Optical determination of thickness of the adhesive can also be used to check the test piege for pores,
holgs, etc., and determine the depth of penetration of the adhesive material into the substrate.

7.2| Determination of the-thickness of the adhesives by calculation

Calgulate the dry-film thiekness, d, in micrometres, from the application rate (the amount ¢f adhesive
material applied), using-Formula (1):

_cxVy
100

)

where

¢ isthe application rate, in millilitres per square metre (cubic centimetres per squarg metre);

Vn  is the non-volatile-matter content, expressed as a percentage by volume, determined in ac-
cordance with ISO 3233-1[1].

7.3 Determination of the thickness of the adhesive by optical, mechanical or other
suitable methods

Determine the mean thickness of the adhesive using a suitable method selected from those specified in
ISO 4593 or ISO 2808.

So as not to break the adhesive, it is preferable to determine the thickness after measurement of the
water vapour transmission rate. However, if the adhesive swells, it shall be measured first.

© IS0 2019 - All rights reserved 3
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The thickness of any adhesive material shall be determined by optical or other suitable methods.

8 Test methods

Several methods are available for measuring the amount of water vapour permeating through a
specimen. Six of these examples are specified in the corresponding ISO 15106 part.

— IS0 15106-1: Humidity detection sensor method (equal pressure method);

— IS0 15106-2: Infrared detection sensor method (equal pressure method);

— ISO 15[106-3: Electrolytic detection sensor method (equal pressure method);
— ISO 15[106-4: Gas-chromatographic detection sensor method (differential pressure method);
— ISO 15[106-5: Pressure sensor method (differential pressure method, high sensitivity);

— ISO 15[106-6: Atmospheric pressure ionization mass spectrometer method (equal pressure method,
high s¢nsitivity).

If the watgr vapour transmission rate of a specimen is 1 g/(m2 - 24 h) or more, it is recommendefl to
use the mejthods of ISO 15106-1, ISO 15106-2 and ISO 15106-4. When it isdess than 1 g/(m?2 - 24 h), jit is
preferable to use the methods of ISO 15106-3, ISO 15106-5 and ISO 15106-6.

Fragile test specimens are not suitable to be tested according to 1SO<15106-4 and ISO 15106-5.
The method used depends on:

— the water vapour transmission rate of the material tested;

— the sensitivity required;

— the fragility of the material tested.

9 Procedure

9.1 General

Since the water vapour transmission rate of a non-self-supporting adhesive film cannot be measyred
directly, it| is necessary to~-measure the water vapour transmission rate of the adhesive film plus
substrate dnd the substrate tndividually.

9.2 Water vapoap transmission rate, IWs, of the substrate plus adhesive film

Measure the water vapour transmission rate, Wys, of the substrate plus adhesive film using a method
selected frpm-JSO 15106-1 to ISO 15106-6.

9.3 Water vapour transmission rate, I//s, of the substrate

Measure the water vapour transmission rate, Ws, of the substrate using a method selected from
ISO 15106-1 to ISO 15106-6.

It is preferable to use the same method to measure Ws and Wps, if measurement of both Ws and Wys is
possible.

4 © IS0 2019 - All rights reserved
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10 Calculation

10.1 General

When calculating the water vapour transmission rate of a non-self-supporting adhesive film, the water
vapour transmission rate of the substrate shall be taken into account. The water vapour transmission
rate of the adhesive is obtained by subtracting that of the substrate plus adhesive from that of the
substrate alone.

10.2 Water vapour transmission rate, Wj, of non-self-supporting adhesive films

Theg water vapour transmission rate, W, of the adhesive film is calculated from the differenge between
the[water vapour transmission rate of the substrate, Ws, and that of the substrate plus’adhesive film,
Whag, as shown in Formula (3), which is derived from Formula (2):

1/Wy=1/Wys—1/Ws (2)
Wp=(WasxWs)/(Ws —Wys ) (3)
whére

Wpa  is the water vapour transmission rate of the adheSive film, expressed in grams pey square
metre per 24 h [g/(m2 x 24 h)];

Was is the water vapour transmission rate of thesubstrate plus adhesive film, express¢d in
grams per square metre per 24 h [g/(m2 x24 h)];

Ws is the water vapour transmission rate of the substrate, expressed in grams per sqiiare metre
per 24 h [g/(m2 x 24 h)].

11|Test condition

The test conditions should preferably be chosen from those given in Table 1.

Table 1 — Choice of test conditions

Test conditions Temperature Relative humidity
°C %
1 25+0,5 90+3
2 40+0,5 90+3
3 60+0,5 90+3
4 85+0,5 85+ 3

Test conditions other than these shall be agreed upon by the interested parties.

12 Test result

Express the test result as the arithmetic mean of the results obtained for each test specimen, rounding
to two significant figures.

If the measured value of the specimens is near the background value, both values shall be reported.

© IS0 2019 - All rights reserved 5
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13 Precision

The precision of this test method is not known because interlaboratory data are not available at the
time of publication.

14 Test report

The test report shall include the following information:

a)
b)
c)
d)
€)
f)
g)
h)
i)
j)

k)

areference to this document, i.e. ISO 21760-1:2019;

the teg
the na
the na
all det

the me

the sidle of the specimen which faced the supply of water vapour, if necéssary;

the tra

the md

the tyrie of substrate (including the primer, if used), its.average thickness ds and its water vagour

trans
the nu
detailg

the tes
rate of]

the da

t conditions;

me of the apparatus used for Wg with a reference to the relevant part of ISO 15106;
me of the apparatus used for Was with a reference to the relevant part of IS0.15106;
hils necessary for identification of the sample tested;

thod of preparation of the test specimens;

nsmission area of the specimens;

an thickness of the adhesive tested;

ission rate Ws;
mber of specimens tested;
of specimen conditioning;

t result (water vapour transmission Tate of the adhesive film Wy, water vapour transmisgion
the adhesive film plus substrate"Wpys,);

e of the test (or the periodefthe test).
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Annex A
(informative)

Spin coating application methods

General
=enera:

typ

Typiical coating thicknesses range from 200 nm to 25 um.

A.2

The
tan

A.3

A.3
and|

In 4
and
and|

A3
san|

A3

A3

A3

Spil coating is a useful application when it is desirable to coat only one side of a film=Spix

cally used for small or medium-sized film that is flat and symmetrical in shape.

Apparatus

basic apparatus for spin coating consists of a spinning device, a.coating delivery device,
k/reservoir, a pump, and a filtering element.

Procedure

1 The coating thickness is a function of the coating’solids content, solvent composition, te
viscosity.

spin coating application, it is generally most€ffective to use the coating solids content (o
spin rate to make adjustments to the ceating thickness, while keeping the other coating
environmental factors constant.

2 The liquid solution is appliedto the substrate either during slow spinning or with 3
ple.

3 The sample is rorated’at a slow spin speed to distribute the solution.
4 The rotationrspéed is increased to give the desired thickness.

5 The rotation of the substrate should be maintained while the solvents evaporate.

coating is

h collection

mperature

F viscosity)
properties

stationary
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Annex B
(informative)

Blade coating application methods

B.1 General

Blade coat|ng, also known as knife coating or doctor blading, is a processing method for fabricafion
of large arpa films on rigid or flexible substrates. The well-defined thickness is mainly controlled by
the gap size between the blade and the surface. For lab-scale processing, the blade is moved over alflat
surface. Fofr large-scale roll to roll processes, the blade is fixed above the moving surface.

B.2 Apparatus

The apparatus for lab-scale blade coating consists of a film applicator with a‘blade, a pushing machine
and a wastg plate.

B.3 Procedure
B.3.1 The substrate film is layed on the glass bed of the pushing machine as flat as possible.
B.3.2 The film applicator is placed on the substrate film.

B.3.3 Both micrometre screws on the film applicator is adjusted to control the gap between the blade
and the surface of the substrate.

B.3.4 The coating solution is poured onto the substrate.
B.3.5 The coating speed is set before running the pushing machine.

B.3.6 The applicator is pushed by the pushing machine to distribute the coating solution on top of| the
substrate with a constantthickness.

8 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=cfdca249d5aab3b267566f2f6b2039e1

	Foreword
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Principle
	5 Test specimens
	5.1 Substrate for non-self-supporting adhesives
	5.2 Preparation of test specimens
	5.2.1 Preparation of non-self-supporting adhesives on a substrate
	5.2.2 Test specimen
	5.2.3 Number of specimens
	6 Conditioning
	7 Determination of the thickness of the adhesive
	7.1 General
	7.2 Determination of the thickness of the adhesives by calculation
	7.3 Determination of the thickness of the adhesive by optical, mechanical or other suitable methods
	8 Test methods
	9 Procedure
	9.1 General
	9.2 Water vapour transmission rate, WAS, of the substrate plus adhesive film
	9.3 Water vapour transmission rate, WS, of the substrate
	10 Calculation
	10.1 General
	10.2 Water vapour transmission rate, WA, of non-self-supporting adhesive films
	11 Test condition
	12 Test result
	13 Precision
	14 Test report
	Annex A (informative)  Spin coating application methods
	Annex B (informative)  Blade coating application methods
	Annex C (informative)  Spray coating application methods
	Bibliography

