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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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4. ISO shall not be held responsible for identifying any or all such patent-rights. Det
ights identified during the development of the document will be in the Introduction a

Hrawn to the possibility that some of the elements of this document may-be the subj

t of patent declarations received (see www.iso.org/patents).

me used in this document is information given for the conveniéence of users and do
endorsement.

ination of the voluntary nature of standards, the meaning of ISO specific term

e are
br the
ith the

ect of
hils of
ind /or

S not

s and

expressions |related to conformity assessment, as well as infermation about ISO's adhererce to

the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see

www.iso.org/iso/foreword.html.

This documgnt was prepared by Technical CommitteeISO/TC 35, Paints and varnishes, Subcomrpittee

SC 9, General test methods for paints and varnishes,in collaboration with the European Committee for

Standardizaflion (CEN) Technical Committee CEN/TC 139, Paints and varnishes, in accordance with the

Agreement on technical cooperation between1S®’and CEN (Vienna Agreement).

This fifth edjtion cancels and replaces the fourth edition (ISO 2409:2013), which has been techilically

revised. Thejmain changes compared te-the previous edition are as follows:

— Clause 3|has been added;

— Clause 4fhas been added;

— the gengral requirements for the use of single-cutting tools and multi-cutting tools in 5.2.1 have
been updlated;

— referencps to commmercially available cutters have been deleted from 5.2.2.3;

coating (I)f the test panels has been deleted from Clause 7, because final test specimen are assuilmed;

the text has been editorially revised and 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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INTERNATIONAL STANDARD ISO 2409:2020(E)

Paints and varnishes — Cross-cut test

1 Scope

This document specifies a test method for assessing the resistance of paint coatings and varnishes
(including wood stains) to separation from substrates when a right-angle lattice pattern is cut into
the coating, penetrating through to the substrate. The property determined by this empirical test
procefdure depends, among other factors, on the adhesion of the coating to either the preceding coat or
the sybstrate. This procedure is not, however, a means of measuring adhesion.

NOTE|1  Where a measurement of adhesion is required, see the method described in ISQ 4624.

NOTE|2  Although the test is primarily intended for use in the laboratory, the testis also suitable for field
testin

]

The method described can be used either as a pass/fail test or, where'Circumstances are|lappropriate,
as a dix-step classification test. When applied to a multi-coat system,assessment of the fesistance to
separption of individual layers of the coating from each other can®%e made.

The test can be carried out on finished objects and/or on specially prepared test specimens.

Althopgh the method is applicable to paint on hard (e:g: metal) and soft (e.g. wood |and plaster)
substrates, these different substrates need a differenttest procedure (see Clause 8).

The method is not suitable for coatings of total thickness greater than 250 pm or for textufed coatings.

NOTE|3  The method, when applied to coatings~designed to give a rough patterned surface, will give results
which{will show too much variation (see also 1SO"16276-2).

2 Normative references

The fpllowing documents are teferred to in 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
undafed references, the latest edition of the referenced document (including any amendmg¢nts) applies.

ISO 1513, Paints and vatrnishes — Examination and preparation of test samples
ISO 2808, Paintssand varnishes — Determination of film thickness
ISO 4618, Paints and varnishes — Terms and definitions

ISO 1B076; Paints and varnishes — Lighting and procedure for visual assessments of coatings

ISO 15528, Paints, varnishes and raw materials for paints and varnishes — Sampling

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 4618 apply.
ISO and [EC maintain terminological databases for use in standardization at the following addresses:

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

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

© IS0 2020 - All rights reserved 1
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4 Principle

Six parallel cuts are introduced in the coating and another six cuts are introduced perpendicular to the
first cuts. Any loose paint particles are removed. The cut area is examined visually and compared to a
six-step classification.

5 Apparatus

5.1 General

Use ordinary
5.2 Cuttin

5.2.1 Geng

It is particul
throughout t
are describe

A single-blag
coatings and

1.1 1 a1 1 ) 3 - — —
1aDOT'dlOl'y appdldtus, LOgCLUICT WILIT LI dPpdldilus SPTCLITICU T 2).2 L0 O. 4 .
g tool

bral requirements

hrly important to ensure that the cutting tool is capable of creating\the specified V-
he total coating thickness, and that the cutting edges are in goad‘cendition. Suitablg
lin 5.2.2 and 5.2.3 and shown in Figures 1 and 2.

le cutting tool (5.2.2) as well as the multi-blade cutting‘tool (5.2.3) are suitable f
substrates; it shall be ensured that all cuts mark or.scratch the substrate. The de

indentation into the substrate shall be as low as possible, however.

The tools de
use, but the 4
The applicat

pols may also be mounted on a motor-driven apparatus, which gives more uniform cu
on of the latter procedure shall be subject to’agreement between the interested part

The apparatifis (manual or motor-driven) and the type of cutting tool used have an influence on th

result. Resul

[s obtained with different types of cutting tool cannot be directly compared. For ead

series, the same cutting tool shall be used.

5.2.2 Sing

5.2.2.1 Ha

le-blade cutting tools

hd-held single-blade-cutting tool with a cutting edge as shown in Figure 1 a).

5.2.2.2 Single-blade cuttingitool used in motor-driven apparatus as shown in Figure 3.

5.2.2.3 Cut

The specific
V-shaped thr

ter with a rigid blade with a V-shaped cutting edge as shown in Figure 1 b).

ough the whole thickness of the coating.

shape
tools

or all
bth of

bcribed in 5.2.2 and 5.2.3 are suitable for manual\use, which is the more usual method of

tting.
ies.

e test
h test

thickness of the blade is not specified, as long as the blade is rigid and the cut produfced is

NOTE
any time.

5.2.3

Multi-blade cutting tools

5.2.3.1 Hand-held multi-blade cutting tool with cutting edges as shown in Figure 2.

5.2.3.2 Multi-blade cutting tool used in motor-driven apparatus as shown in Figure 3.

The cutter blade is designed to be broken in a defined manner so that a sharp blade is available at

The multi-blade cutting tool shall have six cutting edges spaced 1 mm, 2 mm or 3 mm apart. In addition,
two guide edges (see Figure 2) are necessary to make handling easier. The guide edges and the cutting
edges shall lie in one plane (see Figure 2).

© IS0 2020 - All rights reserved
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Dimensions in millimetres

a) Hand-held single-blade cutting tool

Y

30°
- 150

“.f‘
|

R \ \/

-2 0,4 +01

b) Cutter with;rigid blade with V-shaped cutting edge (see 5.2.2.3)

Key
1 cytting edges
a  Dijrection of cut,

NOTE All diménsions approximate except where tolerances are specifically indicated.

Figure 1 — Examples of single-blade cutting tools

© IS0 2020 - All rights reserved 3
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Key

cutting bl

1

2 guide edg
3 cutting eg
a

Direction

NOTE

All

Dimensions in millimetres
30

Y

0,05

hde
e

ges

of cut.

dimensigns are approximate.

1

2

30° £1°

1

a) Hand-held multi-blade cutting tool

2

b) Multi-blade cutting tool used in motor-driven apparatus

Figure 2 — Examples of multi-blade cutting tools

o)

12,5° £1,5°
3

a—»
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Key
1  clitting tool
2 Weight
3  tdstpanel
4  rotating test panel holder
5 njotor
6  hpandle for rotating the test panel holder
Figure 3 — Motor-driven apparatus
5.3 |Guiding and spacing edges

In ordler to space the cuts correctly, a series-of guiding and spacing edges is necessary ¥

single

-blade cutting tool.

vhen using a

A foldiing ruler suitable for use with hand-held single-blade cutting tools (5.2.2.1) is shown in Figure 4 a).

A ser
(see 5

5.4

Use a

es of guiding edges suitablefor use with cutters with a rigid blade with a V-shaped
.2.2.3) is shown in Figutei4 b).

Viewing lens

hand-held lefis'with a magnification of x2 or x3.

cutting edge

© IS0 2020 - All rights reserved
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a) Series of spacing edges of the folding ruler

b) Series of guiding edges
Key
1 spacing efigé€s'for 1 mm, 2 mm and 3 mm cuts

2 laminated-plastic-ersteet
3 rubber

Figure 4 — Examples of guiding and spacing edges
6 Sampling

Take a representative sample of the product to be tested, as described in ISO 15528.

Examine and prepare each sample for testing, as described in ISO 1513.

6 © IS0 2020 - All rights reserved
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7 Test specimen

7.1

Substrate

The test specimen shall be plain and free from deformations, preferably test panels. The dimensions
shall be such as to allow the test to be carried out at three different positions not less than 5 mm from
each other and from the edge of the panel.

Where panels consist of a relatively soft material such as wood, the minimum thickness shall be 10 mm.

Wher

e panels consist of a hard material, the minimum thickness shall be 0,25 mm.

NOTE
the te

7.2

Detern
ISO 2
be ma

8 P
8.1

8.1.1

Carry

L 1 4l A 1 £ 14l 1. o IR o "™ £l .
I Cds3TS WIITT T LUIIT pdllCl 15 IIIdUtT Ul WUUU, UIIT UIITUCLIUIL dllIU UIIT Strutturc Ul tIIc 51 dlll

bt, and a pronounced grain will render the evaluation impossible.

Thickness of coating

mine the thickness, in micrometres, of the dried coating by one of the'procedureg
B08. Make the measurement at, or as near as possible to, the positiorsyat which the ¢
de. The number of thickness determinations is dependent on the thethod used.

rocedure
General

Test conditions

out the test at a temperature of (23 * 2) °C-anid a relative humidity of (50 = 5) %.

In field tests, the ambient conditions shall bé\measured and recorded [see Clause 12, d)].

8.1.2

Conditioning of the test panels

can influence

specified in
ross-cut is to

Condftion the test panels immediately prior to the test at a temperature of (23 * 2) °C and a relative

humi

NOTE

8.1.3

Hity of (50 + 5) % for a mihimum of 16 h.

This paragraph is\not applicable for in field tests.

Number ofcuts

The number ofcuts in each direction of the lattice pattern shall be six.

f the coating

8.1.4| Spacing of cuts
The spacing-ofthe-cutsin-eachdirectionshallbeequaland-shall depend-onthe-thickness
and on the type of substrate as follows:
up to 60 pm: 1 mm spacing, for hard (e.g. metal and plastics) substrates;
up to 60 pm: 2 mm spacing, for soft (e.g. wood and plaster) substrates;
61 pm to 120 um: 2 mm spacing, for both hard and soft substrates;
121 pm to 250 pm: 3 mm spacing, for both hard and soft substrates.

The cross-cut test is not suitable for coatings of total thicknesses greater than 250 pm.

NOTE

For coatings of total thickness greater than 250 pm, the X-cut method described in ISO 16276-2 can

be used.

© IS0 2020 - All rights reserved
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8.1.5 Number of determinations

For routine t

esting, carry out a single determination.

If a higher precision is required, carry out the test in at least three different places (see 7.1) on the
panel. If the results do not match, the differences being more than one classification unit, repeat the test
at three other places, if necessary using different panels, and record all the results.

8.2 Cutting the coating using the manual procedure

8.2.1 Place the test panel on a rigid, flat surface to prevent any deformation of the panel during the test.

8.2.2 Befot
replacement

Perform the

If the panel is

8.2.3 Hold
uniform pres
coating at a
the multi-cut
shall be as 1d
flaking of the

If it is not pd
declared inv

8.2.4 Repe

e the test, inspect the cutting edge of the blade and maintain its condition by sharpen

rutting manually, following the specified procedure.

of wood or similar material, make the cuts at approximately 45° to thé direction of the

the cutting tool (5.2) with the blade normal (perpendicular) to the test panel surface
sure on the cutting tool and using the appropriate spacing guide (5.3), make six cuts
niform cutting rate. The minimum cut length shall be significantly longer than the wi
tool. All cuts shall mark or scratch the substrate. The depth of indentation into the sub)

coating if the cutting tool penetrates the substratedoo deep.

ssible, due to the hardness of the coating, topenetrate to the substrate, the test sh
hlid and so reported.

nt this operation, making a further sixparallel cuts, crossing the original cuts at 90° to

so that a lattice pattern is formed.

8.2.5 Remq

Annex A. Th¢

shall be stat

8.3 Cutti

If the cutting
manual proc
the number
approximate

Remove any

pve any loose paint from thérarea of cutting. Examples of suitable methods are giy
method for removing the loose paint shall be agreed between the interested partig
d in the test report.

g the coating using a motor-driven tool

tool is used’with a motor-driven apparatus, take care that the points described
dure are-observed, particularly with respect to the number and spacing of the cut
pf tests. Each cut shall continue on beyond the outermost of the cuts perpendicular td
y L.mm' to 2 mm to give definite intersection points.

ing or

orain.

With
in the
dth of
strate

w as possible, however. For some substrates, e.g. plastics, there is the risk of tearinig and

all be

them

ren in
s and

n the
s and
it for

The method for removing the loose palnt shall be agreed between the 1nterested partles and shall be

stated in the

testreport.

9 Evaluation and expression of results

Carefully examine visually the cut area of the test coating in good lighting as specified in ISO 13076,
using normal or corrected vision or, if agreed between the interested parties, using a viewing lens (5.4).
During the viewing process, where appropriate rotate the panel so that the viewing and lighting of
the test area are not confined to one direction. Classify the test area in accordance with Table 1, by
comparison with the illustrations.

NOTE

Additional guidance is given by the descriptions in Table 1.

© IS0 2020 - All rights reserved
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For a multi-coat system, report the interface at which any flaking occurs.

If test results differ, report each test result. In the case of a multi-coat system, report the site of
separation (between coats or between coating and substrate).

If delaminated flakes occur, interested parties shall agree on a pass/fail criteria.

10 Designation of the test result

A designation code which may be used to indicate the test result is given below. It shall comprise a
reference to this document, a reference to the cutting tool used and the classification achieved. For
example:

1$0 2409:2020 — 1a — 2
Number of this document — Cutting tool and method used — Classification

Key for cutting tool and method used:

1  Single-blade cutting tool:
la Hand-held single-blade cutting tool
1b Single-blade cutting tool used in motor-driven apparatus
1c Cutter with rigid blade with V-shapedutting edge (see 5.2.2.3)

2 Multi-blade cutting tool:
2a Hand-held multi-blade cutting‘tool
2b Multi-blade cutting tool\ised in motor-driven apparatus

See Table 1 for the classification of test results.

© IS0 2020 - All rights reserved 9
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Table 1 — Classification of test results

Appearance of surface of cross-
cut area from which flaking has
occurred?

(Example for six parallel cuts)

Classification Description

The edges of the cuts are completely smooth; none of
the squares of the lattice is detached.

Detachment of small flakes of the coating at the inter-
1 sections of the cuts. A cross-cut area not greater than
5 % is affected.

The coating has flaked along the edges and/or at the
2 intersections of the cuts. A cross-cut area greater
than 5 %, but not greater than 15 %, is affected.

The coating has flaked along the edges of the cuts
partly or wholly in large ribbons, and/or it has flaked
3 partly or wholly on different parts of the squares. -
A cross-cut area greater than 15 %, but not greater
than 35 %, is affected.

The coating has flaked along the edges of the cuts in
large ribbons and/or some squares have detached

T

TT

4 partly or wholly. A cross-cut area greater than 35.%,
but not greater than 65 %, is affected.
5 Any degree of flaking that cannot even be classified .

by classification 4.

a  The figurgs are examples for a cross-cut within each step‘ofthe classification. The percentages stated are based pn the
visual impressfon given by the pictures and the same percentages will not necessarily be reproduced with digital impging.

11 Precision

11.1 Repedtability limit, r

The repeatapility limit r is the-value below which the absolute difference between two single test
results, each|the mean of duplieates, can be expected to lie with a 95 % probability when this method is
used under repeatability«<onditions, i.e. when the test results are obtained on identical material iy one
operator in dne laboratory within a short interval of time. For this test method, ris 1 classification unit.

11.2 Reprdducibility limit, R

Th d HIESH FE 020 EERVR T 0 IR PN 2 2SN T 220 1Y hala ahaoh +ha ol diffnn o0 baotwuaznan fyazn cin t t
e repro Ll lLIlll\-_y ITITITC IV 1O LIIC Vﬂlu\, U\'AUVV VVAlell CIIC GUDULML\, UITICITCIILCCU UL VvVVLeUIT LVWU Qlllsl eS

results, each the mean of duplicates, can be expected to lie with a 95 % probability when this method
is used under reproducibility conditions, i.e. when the test results are obtained on identical material by
operators in different laboratories. For this test method, R is 2 classification units.

12 Test report
The test report shall contain at least the following information:
a) all details necessary to identify the product tested;

b) areference to this document,i.e. [SO 2409:2020;

10 © IS0 2020 - All rights reserved
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c) details of the preparation of the test panels, including:
1) the material, the thickness and the surface preparation of the substrate (see 7.1),

2) the method of application of the coating material to the substrate, including the duration and
conditions of drying between coats in the case of a multi-coat system,

3) the duration and conditions of drying (or stoving) and ageing (if applicable) of the coating
before testing,

4) the thickness, in micrometres, of the dry coating and the method of measurement used in
[SO 2808, and whether it is a single coating or a multi-coat system (see 7.2);

d) the temperature and relative humidity during the test, if different from those specifiedl in 8.1.1;
e) the type of cutting tool used and the method of operation (manual or motor-driven);
f) details of the method used to remove loose paint (see Annex A);

g) the results of the test, as indicated in Clause 9 (pass/fail or classification test);

h) ahy deviations from the procedure specified;

i) ahy unusual features (anomalies) observed during the test;

j)

he date of the test.

(=3

© IS0 2020 - All rights reserved 11
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Annex A
(informative)

Examples of suitable procedures for removing loose paint

A.1 General

These methda
pattern. The

A.2 Brushing

Brush the pa
each of the d

A.3 Using

Place the cenltre of the tape over the lattice in a direction parallel to ene set of cuts as shown in Figu

and smooth
way that the

To ensure go

Within 5 min
in0,5sto 1,(

The operatiogn of applying and removing the tape can be carried out more than once, depending

kind of coati

When testing
evaluated vi
test for the c

A.4 Using

Remove any

ds are only examples for suitable procedures to remove loose particles of paintinl
 are not used to delaminate the adhering coating.

nel lightly with a soft brush several times backwards and several ‘times forwards
agonals of the lattice pattern.

pressure-sensitive adhesive tape

he tape into place over the area of the lattice. The procedure shall be carried out in 3
adhesive tape fully covers the lattice.

od contact with the coating, rub the tape firmly with a fingertip or fingernail.

after applying the tape, remove the tap€ by grasping the free end and pulling it off st
s at an angle which is as close as possible to 60° (see Figure A.1).

ng and cutting direction. A new piece of tape shall be used for each lattice area.

b coatings on non-porous-substrates, the back side of the adhesive tape after pull-off ¢
sually for any potential residues of the substrate. This practice can be used as a scre
brrect cross-cut topl(see also 5.2.1 and 8.2.3).

compressed air or nitrogen

oose paint'with compressed air or nitrogen.

attice

along

reA.1

uch a

padily

n the

an be
ening

12
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