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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
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ical standardization.
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es of ISO document should be noted. This document was drafted in accordanee wi
s of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

tention to the possibility that the implementation of this document may, involve th
s). ISO takes no position concerning the evidence, validity or applicability of any cl:
in respect thereof. As of the date of publication of this document}ISO had not rec
pbatent(s) which may be required to implement this document. However, implemente
at this may not represent the latest information, which may beyobtained from the j
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ination of the voluntary nature of standards, ‘the meaning of ISO specific term
related to conformity assessment, as well"as information about ISO's adheren
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nt was prepared by Technical Committee ISO/TC 35, Paints and varnishes, Subcomn]
test methods for paints and varnishes, in collaboration with the European Committ
ion (CEN) Technical Committee CEN/TC 139 Paints and varnishes, in accordance wi

Agreement on technical cooperation bgtween ISO and CEN (Vienna Agreement).
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dition cancels and replaces the third edition (ISO 4624:2016), which has been techn

inges are as follows:
on terms-and definitions has been added;

e of this method on concrete, larger dolly of up to 100 mm have been added to 5.2;
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Clause 6

(last sentence).

additional information has been added to the single dolly method in 9.4.2;

the normative references have been updated.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document describes methods for assessing the adhesion of a single coating or a multi-coat system
of paint, varnish or a related product by measuring the minimum tensile stress necessary to detach or
to rupture the coating in a direction perpendicular to the substrate.

The test result is influenced not only by the mechanical properties of the system under test, but also by
the nature and preparation of the substrate, the method of paint application, the drying conditions of
the coating, the temperature, the humidity and other factors like the type of test instrument which has
been used.

ISO 2409 can also be used for the evaluation of adhesion characteristics.

© IS0 2023 - All rights reserved v
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INTERNATIONAL STANDARD ISO 4624:2023(E)

Paints and varnishes — Pull-off test for adhesion

1 Scope

This document specifies three methods for determining the adhesion by carrying out a pull-off test on a
single coating or a multi-coat system of paint, varnish or related product.

Thesgmethodsinctude:

— nmpethod A: using two dollies, suitable for testing both rigid and deformable substrates
— npethod B: testing from one side only, using a single dolly, suitable for rigid substrates jonly;
— nmpethod C: using dollies, one as a painted substrate.

Thesg test methods have been found useful in comparing the adhesion.behaviour of differlent coatings.
It is most useful in providing relative ratings for a series of coated panels exhibiting significant
differences in adhesion.

The test can be applied using a wide range of substrates. Different procedures are given|according to
whether the substrate is deformable, e.g. thin metal, plastics.and wood, or rigid, e.g. thick concrete and
metal plates. To avoid distortion of the substrate during thetensile test, it is common to use a sandwich
constfuction. For example, for special purposes, the coating can be applied directly to the|face of a test
dolly.

2 Normative references

The fpllowing documents are referred:toin the text in such a way that some or all of their content
constjtutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition. of the referenced document (including any amendmegnts) applies.

[SO 1513, Paints and varnishes—</Examination and preparation of test samples
ISO 1b14, Paints and varnisheés — Standard panels for testing
ISO 2808, Paints andvarnishes — Determination of film thickness

ISO 3R70, Paintssand varnishes and their raw materials — Temperatures and humidities fon conditioning
and tésting

ISO 46184 Pdaints and varnishes — Vocabulary

ISO 1 02Q Dojntce vuarnichoc and yov; paot
OO T Ottt v S ettt tvv 111t

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 4618 apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— IS0 Online browsing platform: available at https://www.iso.org/obp

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

©1S0 2023 - All rights reserved 1
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4 Principle

The product or system under test is applied at uniform thickness to flat panels of uniform surface

texture.

After drying/curing the coating system, dollies are bonded directly to the surface of the coated and
cured panel using an adhesive.

After curing the adhesive, the bonded dolly assemblies are placed in a suitable tensile tester. The bonded
assemblies are subjected to a controlled tensile test (pull-off test), and the force required to break the
coating/substrate bond is measured.

To avoid pos
than the 2 cn

The test result is the tensile stress necessary to break the weakest interface (adhesiveifaiture)

weakest con]
occur.

5 Appars

5.1 Tensil
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be increased
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and 2.

Instead of 4
hydraulically
instrument

instruments

NOTE Th
unless coaxia

sible distortion of the substrate during the tensile test, dollies with a diameter,si]
h diameter used for steel substrates may be used to reduce the force introduced.

ponent (cohesive failure) of the test assembly. Mixed adhesive/cohesivefailures ma

jtus

P tester, suitable for carrying out the chosen procedure specified in Clause 9. The t
be applied in a direction perpendicular to the plane of the coated substrate and

furs within 90 s. Suitable designs for applying the tensile stress are shown in Figu

tensile tester, other types of pull-off adhesion testers (mechanically, pneumat]
or hand-driven) may be used provided that they give similar results. The ty
shall be reported in the test report, because hand-driven/mechanical/hyd
are reported to produce widely different results.

e results can be influenced by the testassembly used. Furthermore, the results are not reprod
alignment of the tensile forcess ensured.

naller

br the
y also

ensile
shall

at a substantially uniform rate, not greater than 1.MPa/sD such that failure of thie test
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1) 1MPa/s=1MN/(m?s).
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Key

1 sypport
2 balljoint
3  dpllies

4 coating

5 stybstrate

NOTE These methods are desciibed in 9.4.1 and 9.4.3.

Figure 1 — Example of @ suitable test apparatus for the two-dolly methods (methods A and C)

©1S0 2023 - All rights reserved 3
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Key

1 coating

2 testpiece

3  dolly

4  ball-and-s

5 support (

6  ball-and-j

NOTE Th
Figure

5.2 Testd

designed to

coating at one end and a facility for connecting the pull-off tester at the other. Each dolly has a no

diameter of
recommende
be machined|

Dollies with

ocket sliding joint
suitably designed to allow for joint assembly)

ocket sliding joint

s test apparatus is described in 9.4.2:

2 — Example of a suitable‘test apparatus for the one-dolly method (method B)

pllies, each consistirg)of a steel or aluminium cylindrical-faced testing body, specif
be used with the tenisile tester. Each dolly has a rigid, flat face for bonding the adh

P0 mm and sufficient thickness to ensure freedom from distortion during the test
d that the height of each dolly is not less than half its diameter. The faces of each dolly
perpendicular to its axis before use.

h diameter of 7 mm for example, may be used when the method for testing adhesion

ically
psive/

minal

Lt is
r shall

from

one side onl

i used and when there is a danger of distortion of the substrate (see 9.4.2). If

ollies

smaller in diameter are used, more measurements shall be made to improve the precision. When using
7 mm dollies, 10 measurements have been shown to be practicable. The diameter of the dollies shall be
recorded in the test report.

Use of this method on concrete typically uses a larger dolly of up to 100 mm. Use of a larger dolly is
beneficial on concrete coatings as the force applied during the test provides values closer to the
maximum tensile strength of most concrete.

5.3 Centring device, for ensuring proper coaxial alignment of the test assembly during the adhesion
process of the two-dolly methods described in 9.4.1 (method A) and 9.4.3 (method C). A suitable design
is shown in Figure 3.

© IS0 2023 - All rights reserved
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5.4 Cutting device, such as a sharp knife, for cutting through the cured adhesive and the paint
coating to the substrate, round the circumference of the dolly.

Depending on the mechanical properties of the paint system (e.g. brittleness), cutting through the
cured adhesive and the paint film to the substrate can have a big influence on the adhesion of the paint
system. It is permitted, if specified or agreed between the interested parties, not to cut when the paint
systems are less than 150 pm in layer thickness. If cuts around the dolly have been made, this shall be
mentioned in the test report and the type of cutting tool shall also be mentioned.

When using small dollies, cutting often is difficult and is normally not carried out. Experience has
shown that an increasing number of small dollies has an advantage concerning precision compared to
the cutcombined with the 20 mm dollies

Dimensions|in millimetres

2

=)
—
—
E— -

?
|

1 tgstassembly aligned for adhesion priocess (see 5.3)
2 centring pin

Figure 3 — Example of a suitable centring device for 20 mm-diameter dollies

6 Adhesives

Specipl attention‘is required in selecting suitable adhesives to be used in the test. To produce failure
of thg coatirig; it is essential that the cohesive and bonding properties of the adhesive are|greater than
those|of the coating under test.

Prelitmimary screemning of adhesives shratt betarrfed outimorder to determmine theirsuitability for use.
Suitable adhesives and, if applicable, their unmixed components, shall cause little or no visible change
in the coating under test when left in contact with the coating for a period equivalent to the curing time
of the adhesive.

Adhesives which give the highest results, which means the most coating-substrate adhesive failure or
coating failure, are preferred.

In most cases, cyanoacrylate, two-component solventless epoxide and peroxide-catalysed polyester
adhesives have been found suitable. In special tests under highly humid conditions, the curing time
of the adhesive should be as short as possible. The use of two-pack quick-drying epoxy adhesive is
preferable in these situations.

Where failure is mainly associated with the adhesive at tensions less than 5 MPa, the use of another
type of adhesive can enable more useful results to be obtained.

© IS0 2023 - All rights reserved 5
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The adhesive may not interact with the substrate or the coating material under test.

7 Sampling

Take a representative sample of the product to be tested (or of each product in case of a multi-coat
system) as specified in ISO 15528.

Examine and prepare the sample for testing as specified in [SO 1513.

8 Test panels

8.1 Subst]

Select the sy
material thaf

8.2 Prepdration and coating

Prepare each
out on the or

8.3 Dryin

Dry (or stov
specified con]
(50 £ 5) % ag

8.4 Thick

The thickne{
the thicknes

9 Proced

9.1 Numbler of determinations

Carry out at

9.2 Ambi¢

Carry out thg

rate

bstrate from one of those described in ISO 1514, using where possible the)same ty

test panel in accordance with that pre-treatment method which'is intended to be c3
iginal surface. The chosen pre-treatment shall be reported.inithe test report.

g and conditioning

e) and age, if applicable, each coated test panelfor the specified time and undg
ditions. Before testing, condition the coated panels at (23 + 2) °C and a relative humic
specified in ISO 3270, for a minimum period-pf 16 h.

ness of coating

s of the coating shall be specifiedsand agreed between the interested parties. Dete

ure

east six determiinations, i.e. using at least six test assemblies (see 9.4).

bnt conditions

test'at (23 £ 2) °C and a relative humidity of (50 + 5) %, as specified in ISO 3270.

will be used in practice. The substrate panels shall be plane and free fram distortion.

, in micrometres, of the dried coating by one of the procedures specified in ISO 2808{

'pe of

irried

r the
lity of

‘mine

9.3 Adhesive

Prepare and apply the adhesive (see Clause 6) in accordance with the manufacturer's instructions. Use
the minimum quantity of adhesive required to produce a firm, continuous and even bond between the

components

of the test assembly. Remove any excess adhesive immediately if possible.

© IS0 2023 - All rights re
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9.4 Testassemblies

9.4.1 Method A: General method (using two dollies) for testing both rigid and deformable
substrates

If the test piece is too large, use an area cut from the coated substrate (disc of minimum diameter
30 mm or square of minimum side 30 mm). Take care not to distort the test piece. Apply the adhesive
evenly to the surfaces of two freshly-cleaned dollies (5.2) of equal diameter.

Place the test piece between the adhesive-coated faces of the dollies such that the dollies are coaxially
aligned in the centre of the test piece, as shown in Figure 4. Align the test assembly in the centring
devicg 53 amdmmaintaim the atignmment fora periodequat to the curing timre of theadhesiyve. In special
tests under highly humid conditions, the curing time of the adhesive shall be as shortyas|possible, the
use of two-pack quick-drying epoxy adhesive is preferable in these situations. At the'end df this period,
carefflly use the cutting device (5.4) to cut around the circumference of the dollies thirough to the
substfate, unless otherwise specified or agreed (see 5.4).

The adhesion at the adhesive/coating interface may be improved by lightly~abrading the qurface of the
dried|coating and the surface of the test dolly before application of the adhesive.

In th¢ method for deformable substrates, if a poor adhesive bond iS)expected between the uncoated
face df the substrate and the dolly, coat both faces of the substratedvith the product under|test.

|

XXX XXX XX

.//1

1

Key
1  dplly coated with-adhesive
2 syibstrate painted on one or both sides

Figuré 4'— Test assembly for sandwich method with substrate painted on one or II)oth sides

9.4.2 Method B: Method for testing from one side only, using a single dolly (suitable for rigid
substrates only)

Apply the adhesive evenly to the uncoated, freshly-cleaned surface of a dolly (5.2). Place the adhesive-
coated face of the dolly in contact with the coating, for a period equal to the curing time of the
adhesive (see 9.4.1). At the end of this period, carefully use the cutting device (5.4) to cut around the
circumference of the dolly through to the substrate, unless otherwise specified or agreed.

Place the outer ring in position and test as indicated in Figure 5.

©1S0 2023 - All rights reserved 7
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1
| — 2

— 3

/4‘

Key
1  outer ring
2 dolly coafed with adhesive
3  paint coafing

4 substrate

Figure 5 — Test assembly for rigid substrates

The test ass¢mbly shall be so that the substrate cannot deform during the
possible, such as using a thicker substrate.

9.4.3 Method C: Method using dollies, one as a painted substrate

test. Different optioms are

Apply the adhesive evenly to the uncoated, freshly-cleaned.surface of a dolly. Place the adhesive-doated

ith the product under test,

as shown in Figure 6, and align the test assembly in the centring device (5.3) for a period equal fo the

surface of tl]e dolly in contact with the surface of a second dolly coated w

curing time ¢f the adhesive.

T

Key

1 painted dolly

2 paintfilm

3 adhesive

4 dolly coated with adhesive

Figure 6 — Test assembly using dollies only
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9.5 Measurement

9.5.1 Breaking strength

Immediately after the period allowed for the curing of the adhesive, place the test assembly in the pull-
off adhesion tester (5.1), taking care to align the dollies so that the tensile force is applied uniformly
across the test area, without any bending moment. Apply a tensile stress, increasing at a rate not greater
than 1 MPa/s, perpendicular to the plane of the coated substrate such that failure of the test assembly
occurs within 90 s of initial application of the stress.

Record the tensile stress required to break the test assembly. Repeat the pull-off test for each test
assenbly prepared{see 5:13:

9.5.2| Nature of the fracture

Visually inspect the fracture surfaces to establish the nature of the fracture, and assesp the type of
fractyre as follows:

A is cohesive failure of substrate;

A/B is adhesive failure between substrate and first coat;

B is cohesive failure of first coat;
B/C is adhesive failure between first and second coats:
n is cohesive failure of the nth coat of a multicoat'system;

n/m is adhesive failure between the nth coat afrd the mth coat of a multicoat system;

-/Y is adhesive failure between final coatand adhesive;
Y is cohesive failure of adhesive;
Y/Z is adhesive failure betweenradhesive and dolly.

Estimate the area of fracture'as a percentage to the nearest 10 % for each type of fracture

Wherje consistency of hénding failure is not achieved, review both the preparation and gpplication of
the cgating; for inconsistent failure of the adhesive, see Clause 6 and 9.4.1. Repeat the sgries of tests
using|at least six more test assemblies.

10 dalculation and expression of results

10.1|Breaking strength
The breaking strength, o, in megapascals, for each test assembly is given by Formula (1):
F
O =— 1
A M

F  is the breaking force, in newtons;

A  isthe area of the dolly, in square millimetres.

©1S0 2023 - All rights reserved 9
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In the case of dollies of diameter 20 mm, the breaking strength, in megapascals, is given by Formula (2).

4F

F

o= =—
400t 314

(2)

Calculate the mean of all determinations to the nearest whole number. In case of more than one
measurement, express the number of measurements, the mean result, the highest and the lowest result.

10.2 Nature of failure

Evaluate the cumulated area of the six dollies (see 9.1) and express the result as the estimated mean

percentage afea and type of fracture In the SyStem under test, il accordance with 9.5.2. |

10.3 Exam
The pull-off

20 MPa,
This means t

a paints

ple

est result can be expressed as follows:
30 % B, 70 % B/C

hat:

ystem breaks at a mean tensile stress of 20 MPa;

examin
of the d

70 % of
second ¢

ion of the area on each side of the site of separation reveals a mean of approximately
lly area associated with cohesive failure of the first ceat;

the dolly area associated with intercoat results:\inh adhesive failure between the firj
oats.

11 Precis

No relevant

Users of this
which detach
accuracy of t

However, the
most useful
in adhesion.

12 Testre

The test repq

|

n
ecision data are currently available.

document should be aware that, because of the subjective assessment of the pg
ment occurs and the nature'of the failure, precision data will only give an indication
he method.

method has been found to be useful in comparing the adhesion of different coating
n providing relativé ratings for a series of coated panels exhibiting significant differ

port

rt'shall contain at least the following information:

30 %

t and

int at
of the

5. [t is
ences

a)

all details necessary to identify the product(s) tested;

b) areference to this document, i.e. ISO 4624:2023;

the details of the preparation of the test panels, including

the material, the thickness and the surface preparation of the substrate (see 8.1),

conditions of drying between coats in the case of a multi-coat system (see 8.2),

c)
1)
2)
3)
befo
10

re testing (see 8.3), and

© IS0 2023 - All rights re
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