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Introduction

This International Standard is one of two standards which describe methods for assessing the adhesion
of a single coating or a multi-coat system of paint, varnish or 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 instrumentwhich
has been used.

One other International Standard forthe evaluation of adhesion characteristics is SO 2409;
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4 Apparatus

4.1 Tensile tester, suitable for carrying out the chosen procedure specified in Clause 8. The tensile
stress shall be applied in a direction perpendicular to the plang of the coated substrate and shall be
increased at a substantially uniform rate, not greater than 1 MPa/s!) such that failure of the test assembly
occurs within 90 s. Suitable designs for applying the tensile stress are shown in Figures 1 and 2.

Instead of a tensile tester, other types of pull-off adhesion testers (mechanically, pneumatically,
hydraulically or hand-driven) may be used provided that they give similar results. The type of
instrument shall be reported in the test report, because hand-driven/mechanical/hydraulic
instruments are reported to produce widely different results.

NOTE The results can be influenced by theé test assembly used. Furthermore, the results are not reproducible
unless coaxial alignment of the tensile forces'is ensured.
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1  support
2 ball joint
3 dollies

4  coating

5  substrate

Figure 1 — Example of a suitable test apparatus for the two-dolly methods described in 8.4,1
and 8,4.3 (methods A and C)

1) 1 MPa/s =1 MN/(mZ2-s).
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coating

test piece

dolly

ball-and-socket sliding joint

support (suitably designed to allow for joint assembly)
ball-and-socket sliding joint
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Figure 2 — Example of a suitable test apparatus for the one-dolly method described in 8.4.2
(method B)

4.2 Test dollies, each consisting of a steel or aluminium cylindrical-faced testing bedy, specifically
designed to be used with the tenisile tester. Each dolly has a rigid, flat face for bonding the adhesive/coating
at one end and a facility far €connecting the pull-off tester at the other. Each dolly has a nominal diameter
of 20 mm (see, however;, following paragraph) and sufficient thickness to ensure freedom from distortion
during the test. It is recommended that the length of each dolly is not less than half its diameter. The
faces of each dolly shall be machined perpendicular to its axis before use,

Dollies with a‘diameter of, for example, 7 mm may be used when the-method for testing adhesion from
one side only is used and when there is a danger of distortion of the substrate (see 8.4.2). If dollies
smaller.in diameter are used, more measurements shall be madeé to improve the precision. When using
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systems are less than 150 pum 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 cut combined with the 20 mm dollies.

Dimensions in millimetres

i -
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1 testassembly aligned for adhesion process (see 4.3)
2 gentering pin

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

5 Adhesives

Special attention is required in selecting suitable adhesives to be used in the test. To produce failure
of the coating, it is essential that the cohesive and bonding properties of the adhesive are greater than
those of the coating under test.

Preliminary screening of adhesives shall be carried out in order to determine their suitability 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

ranating Failhhiral A nrafaread
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Examine and prepare the sample for testing, as specified in [SO 1513.

7 Test panels

7.1 Substrate

Select the substrate from one of those describeéd in ISO 1514, using where possible the same type of
material as will be used in practice. The substrate panels shall be plane and free from distortion.

7.2 Preparation and coating

Prepare each test panel in accordanee with that pretreatment method which is intended te be carried
out on the original surface. The chosen pretreatment shall be reported in the test report.

7.3 Drying and conditioning

Dry (or stove) and age, if applicable, each coated test panel for the specified time and under the
specified conditions. Before testing, condition the coated panels at (23 £ 2).°C and a relative humidity of
(50 + 5) % (as specified in 1SO 3270), for a minimum period of 16 h.

7.4 Thickness of coating

The-thickness of the coating shall be specified and agreed between the interested parties. Determine
the thickness, in micrometres, of the dried coating by one of the procedures specified in I1SO 2808.

NOTE See also Clause 1,

8 Procedure

8.1 Number of determinations

Carry out at least six determinations, f.e. using at least six test assemblies (see 8.4).

8.2 Ambient conditions

Carry out the test at (23 #2) °C and a relative humidity of (50 £ 5) %, as specified in 1SO 3270.

8.3 Adhesive

Prepare and apply the adhesive (see Clause 5) in accordance with the manufacturer’s instructions. Use
the minimum-guantity 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.
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tests under highly humid conditions, the curing time of the adhesive shall be as short as possible, the
use of two-pack quick-drying epoxy adhesive is preferable in these sitnations. At the end of this period,
carefully use the cutting device (4.4) to cut around the circumference of the dollies through to the
substrate, unless otherwise specified or agreed (see 4.4).

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

In the method for deformable substrates, if a poor adhesive bond is expected between the uncoated
face of the substrate and the dolly, coat both faces of the substrate with the product under test.
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1 _dolly coated with adhesive
2 substrate painted on one or both sides

Figure 4 — Test assembly for sandwich methed with substrate painted on one or both sides

8.4.2 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 (4.2). 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 8,4.1). At the end of this period, carefully use the cutting device (4.4) 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.
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1  outerring

2  dolly coated with adhesive
3 paint coating

4  substrate

Figure 5 — Test assembly for rigid substrates

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

Apply.the adhesive evenly to the uncoated, freshly-cleaned surface of a dolly. Place the adhesive-coated
surfaee of the dolly in contact with the surface of a second delly coated with the product under test, as
shown in Figure 6, and align the test assembly in the ¢entering device (4.3) for a period equal to the
curing time of the adhesive.

/////////1__%_“3
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1  painted dolly

2 paintfilm

3 , -adhesive

4, “dolly coated with adhesive

Figure 6 — Test assembly using dollies only

8.5 Measurement

8.5.1 Breaking strength

Immediately after the period-allowed for the curing of the adhesive, place the test assembly in the pull-
off adhesion tester (4.1), taking care to align the dollies so that the tensile force is applied uniformly

Pt mmumﬂﬁn@cwm;:&u\ Tlghts rESﬂr\rEd ?
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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
assembly prepared (see 8.1).

8.5.2 Nature of the fracture

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

A is cohesive failure of substrate;

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

B is cohesive failure of firstcoat;

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 and the mth coat of a multicoat system;
-/Y is adhesive failure between final coat and adhesive;

Y is cohesive failure of adhesive;

Y/Z is adhesive failure between adhesive and dolly.

Estimate the area of fracture as a percentage to the nearest 10 % for each type of fracture.
Where consistency of bonding failure is not achieved, review both the preparation and application of

the coating; for inconsistent failure of the adhesive, see Clause 5 and 8.4.1. Repeat the series of tests
using at least six more test assemblies.

9 Calculation and expression of results

9.1 Breaking strength

The breaking strength, o, in megapascals, for each test assembly is given by Formula (1):
o= (1)

where
F isithe breaking force, in newtons;
A ‘s the area of the dolly, in square millimetres.

Inthe case of dollies of diameter 20 mm, the breaking strength, in megapascals, is given by Formula (2)

4F F
o = = —
400 314

(2)

Calculate the mean of all determinations to-the nearest whole number. Express the result as a mean and
range.

| R © 1S0 2016 - All rights reserved
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d)« theadhesive (and mixing ratios, if applicable) and curing conditions (see also Clause 5);
e) the length of time and conditions between assembly and testing;

f) the type of instrument and the diameter of the dolly which was used;

g) ifused, the type of cutting tool employed to cut around the dolly;

h) the results of the test, reported as indicated in Clause 9;

i) any deviation from the test methed specified;

j) any unusual features (anomalies) observed during the test;
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