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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
Interngtional Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Interngtional Standards are drafted in accordance with the rules given in the ISO/IEC Directives, [Part 2.

The mpain task of technical committees is to prepare International Standards. Draft.Internatiopal Standards
adopted by the technical committees are circulated to the member bodies for voting. Publjcation as an
Internptional Standard requires approval by at least 75 % of the member bodie$ casting a vote.

Attentjon is drawn to the possibility that some of the elements of this dociment may be the sulyject of patent
rights] ISO shall not be held responsible for identifying any or all such patent rights.

ISO 2B08 was prepared by Technical Committee ISO/TC 35, Paints and varnishes, Subcommittee SC 9,
Genefal test methods for paints and varnishes.

This fpurth edition cancels and replaces the third edition (IS©'2808:1997), which has been technically revised.
The main changes are as follows:

a) The structure of the standard has been changed-into four main clauses:

1) determination of wet-film thickness;

2) determination of dry-film thickness;

3) determination of the thickness of uncured powder layers; and

4) measurement of filmthickness on rough surfaces.

b) Methods using photothermal, radiological and acoustic techniques have been added.

c) The split-beammethod has been deleted as such instruments are no longer manufactured.

© 1SO 2007 — All rights reserved \4
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Introduction

Measurement of film thickness depends on the following steps:

a) calibration of the measurement instrument, typically performed by the manufacturer or by any qualified
laboratory;

b) verificatign of the instrument (an accuracy check performed by the user at regular intervals, typically
before egch series of measurements);

c) subsequInt adjustment, if necessary, of the instrument so that the thickness readings)it-gives match
those of @ specimen of known thickness. For a dry-film thickness gauge this would mean.zeroing it pn the
uncoated surface, using devices of known thickness such as shims, or using a coated|specimen of known
film thickpess;

d) measurement.

Vi © 1SO 2007 — All rights reserved
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Paints and varnishes — Determination of film thickness

1 Scope

This International Standard describes a number of methods that are applicable to the measu
thickness of coatings applied to a substrate. Methods for determining wet-film thickness;~dry-

and t
wherg

An ov
precis

This |

2 N

The f
refere

document (including any amendments) applies.

ISO 4
metro

ISO 3
ISO 4
ISO 8

rough
surfad

3 T

For th

e film thickness of uncured powder layers are described. Reference is made to individ
these exist. Otherwise the method is described in detail.

erview on the methods is given in Annex A, in which the field of application, '€xisting stan
on are specified for the individual methods.

nternational Standard also defines terms concerning the determination of film thickness.

ormative references

bllowing referenced documents are indispensable~for the application of this docume
hces, only the edition cited applies. For undated' references, the latest edition of th
53, Geometrical Product Specifications (GPS) — Dimensional measuring equipment —
ogical characteristics of mechanical dial gauges

511, Micrometer callipers for external measurement

518:2006, Paints and varnishes'— Terms and definitions

b03-1, Preparation of-steel substrates before application of paints and related produc

hess characteristicscof-blast-cleaned steel substrates — Part 1. Specifications and defin
e profile comparators for the assessment of abrasive blast-cleaned surfaces

erms and'definitions

e purposes of this document, the terms and definitions given in ISO 4618 and the following

rement of the
film thickness
ual standards

Hards and the

ht. For dated
e referenced

- Design and

's — Surface
itions for ISO

apply.

3.1
subst

rate

surface to which a coating material is applied or is to be applied

[ISO 4618:2006]

3.2

coating

contin

uous layer formed from a single or multiple application of a coating material to a substrate

[ISO 4618:2006]
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3.3

film thickness
distance between the surface of the film and the surface of the substrate

3.4

wet-film thickness
thickness of a freshly applied wet coating material, measured immediately after application

3.5

dry-film thickness
thickness of a coating remaining on the surface when the coating has hardened

3.6
thickness of

uncured powder layer

thickness of @ freshly applied coating material in powder form, measured immediately after applicatig

before stoving

3.7

relevant surface area’)

part of an a
serviceability

3.8
test area’)

ticle covered or to be covered by the coating and for which the’coating is essent
and/or appearance

n and

al for

representativg part of the relevant surface area within which an agreed' number of single measuremgnts is

made as a sp

3.9

bt-check

measurement area’)

area over whi

3.10
minimum log

Ch a single measurement is made

al film thickness™)

lowest value ¢f the local film thickness found on the relevant surface area of a particular test specimen

3.11
maximum lo¢
highest value

3.12

cal film thickness?)
of the local film thickness-found on the relevant surface area of a particular test specimen

mean film thickness’)

arithmetic mgq
determination

3.13
calibration

an of all thetindividual dry-film thicknesses in the test area or the result of a gravi
of the thickness

metric

controlled an
are within the

NOTE

documented process of measuring traceable calibration standards and verifying thatthe
stated accuracy of the measurement instrument

esults

Initial calibration is typically performed by the instrument manufacturer or by a qualified laboratory in a

controlled environment using a documented process. This initial calibration will normally be verified by the user at regular
intervals. The standards used in the calibration are such that the combined uncertainties of the resultant measurement are

less than the st

ated accuracy of the instrument.

1) Measurement of this property is only required for the extended evaluation of film thickness measurements; see
Clause 8 (test report), items k) and I).
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3.14
verification
accuracy check performed by the user using reference standards

3.15
reference standard
specimen of known thickness against which a user can verify the accuracy of the measurement instrument

NOTE Reference standards may be coated thickness standards, or shims. If agreed to by the contracting parties, a
part of the test specimen may be used as a thickness standard for a particular job.

3.16
adjusfment
act of jaligning the measurement instrument's thickness readings to match those of a reference standard

NOTE Most electronic measurement instruments can be adjusted on a thickness standard, orion a shim, where the
thickngss of the coating or of the shim is known.

3.17

accurjacy
consigtency between a measured value and the true value of the thickness, standard

4 Determination of wet-film thickness

4.1 |General

Annex A gives an overview of the methods used for the determination of wet-film thickness.
4.2 |Mechanical methods

4.2.1 | Principle

In all mechanical methods the substrate surface is contacted by part of the measurement instryment through
the cqating, and the surface of the coating is contacted simultaneously (see Figure 1) or subsequently (see
Figurgs 2 and 3) by another part-of the instrument. The wet-film thickness is the height differénce between
these [two points of contact, which can be read directly.

4.2.2 | Field of application

The mechanical principle is suitable for all film-substrate combinations. The substrate has to be|flat in at least
one d|rection in the area where the measurement is conducted. Curvature of the surface in a gingle plane is
permisgsible (€:9. internal or external surface of pipes).

4.2.3 | General

Classification as a destructive or non-destructive method depends on:
a) the rheological properties of the coating material;

b) the nature of the wetting contact between the contact surfaces of the measurement instrument and the
coating material;

c) whether the thickness measurements will make the coating unsuitable for the purpose for which it is
intended.

Since the possibility of pigment particles remaining between the gauge and the substrate cannot be excluded,
all mechanical methods contain a systematic error: the film thickness displayed is smaller than the actual wet-
film thickness by at least the mean diameter of the pigment particles.

© 1SO 2007 — All rights reserved 3
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In the case of a wheel gauge (method 1B, see 4.2.5), the wheel has to be wetted by the coating material. If
not, this represents a further source of systematic error which can result in exaggerated readings and is a
function of:

— the surface tension and the rheological properties of the coating material;

— the material of the wheel gauge;

— the speed at which the wheel is turned.

4.2.4 Method 1A — Comb gauge

4241 Depcription of instrument

A comb gaugk is a flat plate made of a corrosion-resistant material with teeth along its edges)(see Figlre 1).
The referencg teeth at the corners of the plate define a baseline along which the inner teeth_are arranged to
give a graduated series of gaps. Each tooth is labelled with the assigned gap value.

With commeicially available comb gauges the maximum thickness which can<b& measured is typically
2 000 uym and the smallest increment is typically 5 ym.

4

Key

1 substrate
2 coating

3 point of wetting contact
4 comb gaude

Figure 1 — Example of a comb gauge

4242 Procedure

Ensure that the teeth are clean and not worn or damaged. Place the comb gauge onto the flat specimen
surface such that the teeth are normal to the plane of the surface. Allow sufficient time for the coating to wet
the teeth prior to removing the gauge.

In the case of specimens curved in a single plane, the comb gauge shall be placed in position parallel to the
axis of curvature.

The result of the thickness measurement depends on the time of measurement. The thickness should
therefore be measured as soon as possible after application.

Note the greatest gap reading of the tooth wetted by the coating material as the wet-film thickness.

4 © 1SO 2007 — All rights reserved
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4.2.5 Method 1B — Wheel gauge

4251 Description of instrument

A wheel gauge consists of a wheel, made of hardened and corrosion-resistant steel, with three projecting rims
(see Figure 2).

Two rims are ground to the same diameter and are configured concentrically to the wheel axle. The third rim
has a smaller diameter and is eccentrically ground. One of the outer rims has a scale from which the
respective projection of the concentric rims relative to the eccentric rim can be read.

H dabla-
Two verstens-are-avaitable:

|
<

ersion 1 has the eccentric rim located between the concentric rims;

|
<

brsion 2 has the eccentric rim located outside the concentric rims and closely adjacent to ope of them.
NOTE Unlike version 1, the design of version 2 allows parallax-free reading of the wet-film thickness.

With commercially available wheel gauges, the maximum thickness which can be measurgd is typically
1 500|um and the smallest increment is typically 2 pm.

3

1
Key
1 supstrate
2 cogting
3 edcentri¢yim
4  wheel gauge

Figure 2 — Example of a wheel gauge
4.25.2 Procedure

Grip the wheel gauge with the thumb and index finger by the wheel axle and press the concentric rims onto
the surface at the point of the largest reading on the scale.

In the case of specimens curved in a single plane, the axis of curvature and the wheel gauge axle shall be
parallel.

Roll the wheel gauge in one direction, lift it from the surface and read off the highest scale reading at which
the eccentric rim is still wetted by the coating material. Clean the gauge and repeat in the other direction.

© 1SO 2007 — All rights reserved 5
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Calculate the wet-film thickness as the arithmetic mean of these readings.

The result of the thickness measurement depends on the time of measurement. The thickness should
therefore be measured as soon as possible after application.

To minimize the effect of surface tension on the result, observe how the paint wets the eccentric rim and
record the scale reading at the first point of contact. This is only possible with version 2 of the wheel gauge.

4.2.6 Method 1C — Dial gauge

4.2.6.1 Instrument and reference standards

42611 IJiaI gauge (see Figure 3)

Mechanical djal gauges conforming to the requirements of ISO 463 and electronic dial gauges-are typically
capable of measuring to an accuracy of 5 um (mechanical dial gauge) or 1 um (electronic’dial gauge), or
better. The gguge can have an analogue or digital display.

The undersidg of the dial gauge has two contact pins of equal length located equidistant from the mgvable
plunger and in a straight line with it. An adjusting screw is used to make fine adjustments to the position|of the
plunger in its guideway.

3
Key
1 substrate
2 coating
3 plunger

Figure 3 — Example of a dial gauge

4.2.6.1.2 Reference standard for zeroing the gauge

A flat reference plate is required for zeroing the gauge. The reference plate shall consist of a flat glass plate
whose flatness tolerance does not exceed 1 pm (see also 1ISO 1101 [1]).

4.2.6.2 Procedure
Zero the dial gauge on the reference plate with the measuring tip adjusted so that it is just touching the plate.
Screw the plunger back from the zeroing position. Place the contact pins of the dial gauge on the specimen so

that they are normal to the surface of the substrate and carefully screw the plunger down until the measuring
tip is just touching the coating material.

6 © 1SO 2007 — All rights reserved
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The result of the thickness measurement depends on the time of measurement. The thickness should
therefore be measured as soon as possible after application.

Read

4.3

4.3.1

the wet-film thickness directly from the gauge.
Gravimetric method

Principle

A coating is applied and the thickness is determined by dividing the mass of the coating by its density and by
the coated surface area.

The wet-film thickness, #,, in micrometres, is calculated from the equation

wherg

NOTE

1ISO 2811-2, ISO 2811-3 or ISO 2811-4.

4.3.2

The gravimetric principle is generally. applicable, provided that the amount of highly volatile sub

liquid
4.3.3
Deter

coate
preve

reverde side shall be removed before weighing the coated specimen.

434

4.3.4.

nly is the mass of the uncoated specimen, in grams;
m is the mass of the coated specimen, in grams;
A| is the coated surface area, in square metres;

p|l is the density of the liquid coating material appli€éd; in grams per millilitre.

The density of the liquid coating material\"applied can be determined in accordance wi

Field of application

coating material is low.

General
:Ijnination using the-gravimetric principle yields the mean value of the wet-film thickness o

surface area. \With spray application in particular, the reverse side of the specimen shall
nt measurement errors resulting from partial coating of the reverse (overspray). Any m

Method 2 — By difference in mass

h ISO 2811-1,

stances in the

ver the entire
be masked to
asking of the

1 Apparatus

Required are scales capable of weighing up to 500 g to the nearest 1 mg.

4.3.4.

2 Procedure

Weigh the specimen first uncoated and then coated and calculate the wet-film thickness using Equation (1).

©I1SO

2007 — All rights reserved
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4.4 Photothermal method

4.41 Principle

The film thickness is determined from the difference between the time a thermal wave is radiated towards the
coating and the time the re-emitted wave (either heat or ultrasonic) is detected (see Figure 4).

Irrespective of the type of excitation involved or the method of detection, all photothermal methods use the
same principle: the periodic or pulsed introduction of energy in the form of heat into a specimen and the
subsequent detection of the local temperature increase.

The time diffgremcemeasured—scompared—agaimst-vatues—obtaimed—withthe—instroment—for—fitms—ofknown
thickness under fixed conditions (excitation energy, pulse length, excitation frequency, etc.) (see 4.4:4.2).

v
4 7 68 1

Key

substrate
coating
re-emitted thermal radiation

absorption|of radiation by coating(depends on coating thickness and coating material)
thermal irrgdiation

thermal waves

ultrasonic yvaves

0 N O o~ WON -~

surface deformation

Figure 4

showing surface deformation

4.4.2 Field of application

The photothermal principle is basically suitable for all film-substrate combinations. It can also be used to
determine the thicknesses of the individual layers in a multilayer coating, provided the layers are sufficiently
distinct from each other with respect to their thermal conductivity and reflection properties.

The required minimum substrate thickness is a function of the measurement system used (see 4.4.4.1.1) and
the film-substrate combination.

8 © 1SO 2007 — All rights reserved
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4.4.3 General

Classification of the method as destructive or non-destructive depends on the purpose of the coating. The
thermal energy absorbed by the coating could have an impact on the coating owing to the local heating effect
produced (see item 8 in Figure 4).

444 Method 3 — Determination using thermal properties
4441 Instrument and reference standards

44411 Measurement system

There| are various methods for producing thermal waves in a coating material and for detecting the thermal
effect$ induced at the heated location in the specimen (see EN 15042-2 [18]). Thermal radiation|sources (e.g.
laser gources, light-emitting diodes, incandescent light sources) are mainly used as thg, excitatipn system for
paint ¢oatings.

The fqllowing detection methods are used:

|
Q.

btection of the re-emitted thermal radiation (photothermal radiometryy);

|
Q.

btection of the change in refractive index (in the heated air above the measurement area);
— pyroelectric detection (heat flow measurement).

44.4.1.2 Reference standards

Refer¢nce specimens with different absorption properties and a range of film thicknesses arg¢ required for
calibration purposes (see EN 15042-2 [18]),

4442 Calibration

Calibrate the measurement systemy with the reference specimens (see 4.4.4.1.2) for each [film-substrate
combination (in particular for each-coating material).

44438 Procedure

Operdte the apparatus and measure the film thickness in accordance with the manufacturer's ingtructions.

5 Determination of dry-film thickness

5.1 |General

Annex A gives an overview of the methods used for determination of dry-film thickness.
5.2 Mechanical methods

5.2.1 Principle

A micrometer or dial gauge (method 4A, see 5.2.4) is used to measure the film thickness as the difference
between the total thickness (substrate + film) and the substrate thickness.

© 1SO 2007 — All rights reserved 9
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There are two ways of determining the film thickness:

Measurements are made before and after coating removal (destructive)

The total thickness is first measured in a defined measurement area and then, after the coating has been

in the measurement area, the substrate thickness is measured.

Measurements are made before and after coating application (non-destructive)

The substrate thickness is first measured and then the total thickness is measured in the same
measurement area after coating.

a)

removed
b)
The film thick

A depth gaug
determined d

substrate.
NOTE On
5.2.2 Field

The mechanigq
used, the sub
the measuring

The microme
specimens of

The profilomg

5.2.3 Genel

In the “coatin
the substrate

NOTE 1 Thg
substrate cann

In the “coatin
carefully and
chemically. T
defined steps

hess is calculated from the difference between the two readings.
b (method 4B, see 5.2.5) or a profilometer (method 4C, see 5.2.6) enable the film thickness

rectly as the difference in height between the surface of the film and the surfaceof the ex

y the “coating removal” variant is possible with a depth gauge or profilometer (methods 4B and 4C).

bf application

al principle is basically suitable for all film-substrate combinations. Where mechanical gau

strate and coating shall be hard enough to prevent the reading from being falsified as a re
tip creating an indentation.

circular cross-section (e.g. wires, pipes).

ter (method 4C) is recognized as the referee method in the event of disputes.

al

j application” variant, a template with labelled holes is used to ensure that the determina
thickness and total thickness.is‘carried out at exactly the same points.

e “coating application” variant is preferred in the case of plastic substrates since in most cas
bt be exposed without eausing damage.

g removal” variant;’the measurement areas shall be circled and labelled. The coating sh
completely removed in the measurement areas without damaging the substrate mechanic

from onelayer to the next.

In the case off

region of the measurement area shall remain undamaged

the depth gauge and profilometer (methods 4B and 4C), the coating which is not removed

to be
posed

jing is
sult of

ter or dial gauge (method 4A) is also suitable for measuring the film thickness of cylipdrical

ion of

es the

all be
ally or

he substrate’may be partly masked using adhesive tape before coating in order to obtain well-

in the

In the case of the profilometer (method 4C), the shoulder between the substrate and the film surface shall be
sufficiently well defined.

With hard substrates (e.g. glass) the coating can be removed mechanically, but with less hard substrates (e.g.
steel) the coating shall be removed chemically using a solvent or paint remover.

NOTE 2

10 mm diameter and the disc of coating thus formed removed with a solvent or paint remover.

In the case of less hard substrate materials such as steel, the film can be cut through with a core drill of

All surfaces (coating, substrate, reverse side of specimen) which are contacted or gauged shall be clean and

free from film

10

residues.
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5.2.4.1

5.24.1
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Method 4A — By difference in thickness
Description of instrument

A Micrometer

The micrometer shall be capable of measuring to the nearest 5 um. It shall be fitted with a ratchet to limit the
force exerted by the spindle on the test surface.

Version 1 — Fixed to a stand

A micfometer head with a plane measuring race Is clamped 1o a rigid stand with a flat baseplaié such that its

height

Versipn 2 — Hand-held (see Figure 5)

The upual term for this kind of instrument is an outside micrometer, although it iS)also known 3

callipg
The n

5.2.4.1.2 Dial gauge

Mechanical dial gauges conforming to the requirements of 1ISO 463 and electronic dial gauges

capab
better

shall be selected as a function of the hardness of the coating material whose thickness is to

(sphe

Versipn 1 — Fixedto a stand

The d
surfad

can be adjusted. The measuring face shall be aligned parallel to the top of the baseplate:

rs for exterrnal use (see ISO 3611). The micrometer shall conform to the requirements
easuring faces of the spindle and the anvil shall be plane and parallel.to-each other.

05 F5
I:[ 0
5

Figure 5 — Outside micrometer

le of measuring to an-aceuracy of 5 ym (mechanical dial gauge) or 1 ym (electronic d

S micrometer
of ISO 3611.

5 are typically

al gauge), or

The gauge shall be fitted with a device for lifting the measuring tip. The shape of the measuring tip

ical for hard materials, plane for soft materials).

al gauge is clamped to a stand as shown in Figure 6. If a plane stylus tip is used, the
e shall be aligned parallel to the top of the baseplate.

© 1SO 2007 — All rights reserved
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Version 2 —

thickness ga
the movable

This dial gauLI‘e is fitted with a hand grip. The device for lifting the plunger shall be configured such th

the material t¢ be tested (spherical for hard materials, plane for soft materials).

If both the m
Figure 7), the

Key

Figure 6 — Dial gauge fixed to a‘stand

Hand-held

ge can be operated with one hand. The/interchangeable tip of the anvil shall be located op
easuring tip. The shape of the meeasuring tip shall be selected as a function of the hardn

easuring tip and the anvil ‘are of plane design (such as in the foil thickness gauge shg
measurement surfaces-shall be parallel to each other.

at the
posite
ess of

wn in

1 gauge aperture

12

Figure 7 — Foil thickness gauge
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5.2.4.2 Procedure

Prepare the specimen as specified in 5.2.3 for the “coating removal” and “coating application” variants (see
5.2.1).

Operate all instruments so that the coated side of the specimen or the side to be coated is facing the spindle
(micrometer, see 5.2.4.1.1) or the contact element (dial gauge, see 5.2.4.1.2) in the “coating removal” and
“coating application” variants, respectively.

When using an instrument clamped to a stand (5.2.4.1.1 and 5.2.4.1.2, version 1 in each case) place the
specimen on the baseplate.

When|using a hand-held type (5.2.4.1.1 and 5.2.4.1.2, version 2 in each case) hold the specimén against the
fixed measuring tip.

NOTE The grip of the instruments specified in 5.2.4.1.1 and 5.2.4.1.2, version 2 in each-¢ase, can be clamped to a
stand fo make operation easier.

Repeat the procedure for the second measurement after removing the film (“céating removal”) ar applying the
film (“coating application”).

Carry lout each measurement such that:

|
s

hen using a micrometer as described in 5.2.4.1.1, the spindlé is moved against the surface to be tested
ntil the ratchet is activated;

c

hen using a dial gauge as described in 5.2.4.1.2,°the surface is carefully contacted by [the tip of the
bring-loaded contact element.

|
0w =

The film thickness is the difference between the réading obtained for the total thickness and that obtained for
the substrate thickness.

5.2.5 | Method 4B — Depth gauging
5.2.5.1 Instrument and reference standards

5.2.5.1.1 Version 1 — Micrometer depth gauge (see Figure 8)

Micrometers of this type~are typically capable of measuring to the nearest 5 ym, or better. THe micrometer
shall he fitted with a-ratchet to limit the force exerted by the contact element on the substrate. It Has a flat base
or foof which is placed on the coating surface and acts as a reference plane.

© IS0 2007 — Al rights reserved 13
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Key

A WODN -

52512 V

Mechanical d
capable of m
better. The ga
plane.

Key

5
45

substrate
coating

contact el¢]
flat base o

ment
foot

Figure 8 — Micrometer depthgauge

ersion 2 — Dial depth gauge (see Figure 9)

al gauges conforming to the requirements of ISO 463 and electronic dial gauges are typically
easuring to an accuracy of 5 ym (mechanical dial gauge) or 1 um (electronic dial gauge), or
uge can have a flat base or foot which is placed on the coating surface and acts as a refgrence

1 substrate
2 coating
3 contact element

14

Figure 9 — Dial depth gauge

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=81b22aa48c253584aa4348194effd2b6

ISO 2808:2007(E)

5.2.5.1.3 Reference standard for zeroing the gauge

A flat reference plate is required for zeroing the gauge. The reference plate shall consist of a flat glass plate
whose flatness tolerance does not exceed 1 um (see also ISO 1101 [1]).

5.2.5.2 Procedure

Remove the coating from the measurement area. Zero the instrument by checking the zero point with the
reference plate (5.2.5.1.3) and then:

a) when using a micrometer depth gauge, place the foot on the coating surface so that the spindle is above
the nvpncnr'l area and screw the erl_\inr'lla down until the fip touches the substrate and -the ratchet is
afrtuated;

b) when using a dial depth gauge, place the contact element on the exposed substrate and the foot (or
cpntact pins) on the coating (if the gauge is of the type with contact pins, care shall be taken to ensure
that they are normal to the specimen surface).

The film thickness can be read off directly as a depth reading (correcting, as necessary, for any Zero error).

5.2.6 | Method 4C — Surface profile scanning

5.2.6.1 Description of instrument

This instrument comprises a traversing stylus connected to suitable amplifying and recording e
the puirposes of film-thickness measurements, the instrument is used to record the profile

formefl between the substrate and the coating by removal.of part of the coating (see Figure 10).
profilg gauges with a freely moving stylus in which.the radius of the stylus tip is selected
roughhess of the substrate and film surface are the m@st suitable.

uipment. For
bf a shoulder
Roughness or
to match the

NOTE Measurements can also be made optically-or acoustically (i.e. without any contact with the spedimen).
4
3 1
Key
1 substrate
2 coating
3 stylus tip
4 scale
5 lever

Figure 10 — Surface profile scanner

© 1SO 2007 — All rights reserved
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5.2.6.2 Procedure

Prepare the specimen as specified in 5.2.3. Scan and record the surface profile in the measurement area
using an appropriate monitor and plotter.

The following

— inadequa

factors can adversely affect the readings:

tely cleaned surfaces;

— vibrations in the gauging system;

— the use

Th

PV - la o tin
T

Draw referen
through the tn
the reference

5.3 Gravin

5.3.1 Principle

The dry-film t
specimen ang

mq is th¢ mass of the uncoated specimen, in grams;
m is th@ mass of the coated specimen, in(grams;
A is the¢ coated surface area, in square metres;

po is the density of the dry coating-material applied, in grams per millilitre.

NOTE The

5.3.2 Field

.)0

IT=V-S T 7-4 ~N LIW1 RPN
O TSUtaoTC Sty oS tPoT

ce lines through the mean height of the trace recorded for the film surface (upp€r ing
ace recorded for the substrate (lower line). Measure the film thickness as the distance be
lines at the mid-point of the shoulder.

netric method

nickness, ¢4, in micrometres, is calculated from the difference.between the mass of the ung
that of the coated specimen using the following equation:

0

e dry-film density of the Coating material can be determined in accordance with ISO 3233.

bf application

The gravimet

5.3.3 General

ic method has general applicability.

) and
tween

oated

()

Using the gravimetric method yields the mean value of the dry-film thickness over the entire coated surface
area. With spray application in particular, the reverse side of the specimen shall be masked to prevent
measurement errors resulting from partial coating of the reverse (overspray).

5.3.4 Method 5 — By difference in mass

5341 Ap

Required are

16

paratus

scales capable of weighing up to 500 g to the nearest 1 mg.
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5.3.4.2 Procedure

Weigh the clean uncoated specimen, coat it, dry it and reweigh. Calculate the dry-film thickness using

Equation (2).
5.4 Optical methods

5.4.1 Principle

In the cross-sectioning method (method 6A, see 5.4.4) the specimen is ground/cut along a plane
coating so that the film thickness can be measured directly using a microscope (see Figure 11).

4 3 2 1

7

Key

1 supstrate
2 cogting 1
3 cogting 2
4 copting 3

Figure 11 — Cross-sectioned specimen

normal to the

With the wedge cut method (method 6B, see 5.4.5) a cut of defined dimensions is made in the cpating using a

cutting tool at a specified~angle to the surface (see Figure 12). The film thickness, ¢, is calculg
equation

ted using the

tl=b-tan (3)
where
bl—isthe-projected-half-width-ef-the-eut(from-the-edge-to-the-substrate)-determined-dsing-a microscope;
a is the angle of cut.
© 1SO 2007 — All rights reserved 17
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1
Key
1 substrate
2 coating
3 symmetrict cut
4  conical bo
5 sloping cuf

The symmetr
bore (No. 4 in|

5.4.2 Field

The optical pfinciple is basically suitable for all film:substrate combinations. The thicknesses of the ind

layers in a m
other.

If the cross-s¢ctioning or wedge cut méethod is used, the substrate will have to have the properties nect

for it to be seq

In the event
method.

5.4.3 Genel

The specimer

Figure 12 — Symmetrical cut, conical bore and{sloping cut

cal wedge cut (No. 3 in Figure 12) can be made in‘the coating using a special blade, the g
Figure 12) by a special borer and the sloping cuti(No. 5 in Figure 12) with a milling tool.

pf application

ultilayer coating can also be measured, provided the layers are sufficiently distinct fromn

tioned, bored or cut.

pf a dispute, the €ross-sectioning method (method 6A, see 5.4.4) is recognized as the r

al

shall'be flat for the wedge cut method (see, however, the Note to 5.4.5.2).

onical

vidual
each

bssary

bferee

If the coating material is elastic, the cross-section/wedge cut can be so deformed that measurement gives

invalid results

. This effect may be reduced by cooling the specimen before making the cut.

In the event of a brittle and/or inadequately bonded coating, delamination of the film can make it difficult to
determine the true interface between the coating and the substrate. There might, therefore, be an error in the

readings.

18
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5.4.4 Method 6A — Cross-sectioning
5.441 Version 1 — By grinding
54411 Apparatus and materials

544111 Grinding and polishing machine

Apparatus which is used for producing metallographic preparations is suitable.

5441142  Embedding medium

Use a|cold-setting resin that has no deleterious effect on the paint coating and gives gap-free-entbedding.

544113 Grinding and polishing media

Use waterproof abrasive paper, for example 280, 400 and 600 grit, or suitable-grades of diamgnd paste or a
similal paste.

544.114 Measuring microscope

Requifed is a microscope with a suitable illumination systém "giving optimum image ¢ontrast. The
magnification shall be chosen such that the field of vision corresponds to 1,5 to 3 times the film thickness. The
eyepigce or optoelectronic measurement device shall permit measurements to be made to an accuracy of at
least 1 uym.

5.4.4.1.2 Procedure

Embe[d the specimen or a representative sample of the specimen in the resin (5.4.4.1.1.2). Wet-polish the
en or sample using the grinding and:-polishing machine (5.4.4.1.1.1) along a plane npormal to the
coating surface. Repeat this process withvan ever-finer grade of abrasive. Measure the thickngss(es) of the
d layer(s) using the microscope,

Version 2 — By cutting
.1 Apparatus

544211 Cutter

Required is a«<raversing or rotary microtome with carbide blades of suitable geometry and a holder for
clampjng thesspecimen in place.

5.4.4.212 Measuring microscope

Required is a microscope with a suitable illumination system giving optimum image contrast. The
magnification shall be chosen such that the field of vision corresponds to 1,5 to 3 times the film thickness. The
eyepiece or optoelectronic measurement device shall permit measurements to be made to an accuracy of at
least 1 ym.

5.4.4.2.2 Procedure

Clamp the specimen or a representative sample taken from the specimen in the microtome specimen holder
and cut along a plane normal to the coating surface. Measure the thicknesses of the exposed layers using the
microscope.

© IS0 2007 — Al rights reserved 19
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5.4.5 Method 6B — Wedge cut

5.4.5.1

5.45.1.1

Apparatus

General

A cutter and a measuring microscope are required for the wedge cut method. These can both be incorporated
in a single instrument.

54512 C

utter

Required is ¢
angle.

The cutting to|

be made

have pre

be of suif]

Standard cutt

54513 M

Required is a
permit measu

5.4.5.2

Mark the spe
cut or bore th
cut or bore W
using Equatio

NOTE Eq
bores in curved

5.5 Magne

5.5.1 Genel

special instrument with a replaceable cutting tool for producing precise cuts at the .sp

pl (cutting blade, special paint borer or milling tool) shall
of a carbide material;

Cisely ground cutter flanks;

able geometry to ensure accurate wedge cuts.

ng angles are in the range « =5,7° (tana = 0,1) to a = 45° (tanw'= 1).
easuring microscope

microscope with approximately x50 magnification,and an illumination device. The eyepiec
rements to be made to the nearest 20 um.

Procedure

imen with, for example, a felt-tip pehiin a contrasting colour in the measurement area. Ma
Fough this mark. The cut or bore, shall penetrate into the substrate. Using the mark to loc3
ith the microscope, measure‘the projected half-width, 5, and calculate the film thickne
h (3) (see 5.4.1).

hation (3) cannot be usedywith curved surfaces. A modified calculation formula can be used for
surfaces, however.

tic methods

al

beified

e shall

ke the
te the
ss(es)

conical

With most m
being taken.

gnetic-type dry-film thickness gauges, it is imperative that they are checked prior to re

dings

erification in accordance with the manufacturer's instructions shall be carried out within the

range of thick

5.5.2 Princi

nesses expected for the coating.

ple

The film thickness is determined from the interaction between a magnetic field and the metallic substrate. The
film thickness is determined from the force required to remove a magnet from the coating (method 7A,

see 5.5.5), or

from changes in the magnetic field (methods 7B, 7C and 7D, see 5.5.6, 5.5.7 and 5.5.8).

5.5.3 Field of application

Magnetic methods are suitable for coatings on metal substrates.

For methods 7A, 7B and 7C, the substrate must be ferromagnetic, and for method 7D non-ferromagnetic.

20
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The properties of the coating shall be such that the reading is not rendered invalid when the instrument
touches the coating surface.

5.5.4 General
The magnetic field produced by the instrument can be affected by the following factors:
— the geometry of the substrate (dimensions, curvature and thickness);

— the properties of the substrate material (e.g. permeability, conductivity and properties resulting from any
pretreatment);

— the roughness of the substrate;
— other magnetic fields (residual magnetism of the substrate and external magnetic figlds).
5.5.5 | Method 7A — Magnetic pull-off gauge

5.5.5.1 Description of instrument

This ipstrument contains a magnet for determining the film thickness from the force of attraction between the
magnet and the substrate [see Figures 13a) and 13b)].

NOTE The instrument shown in Figure 13a) can be used in anyyposition. The instrument shown irl Figure 13b) is
designged for use only in one orientation because of the effect of gravity.

a) Version 1 b) Version 2
Key
1 substrate
2 coating
3 magnet
4 scale
5 spring

Figure 13 — Magnetic pull-off gauge
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5.5.5.2 Procedure
Place the instrument with the magnet against the coating. Lift the magnet away from the coating in a direction

perpendicular to the coating surface. The film thickness is derived from the force required to remove the
magnet from the specimen.

5.5.6 Method 7B — Magnetic-flux gauge

5.5.6.1 Description of instrument

This instrument contains a magnet for determining the film thickness from the change, caused by the
substrate, in [fhe magneltic fleld of the magnetl. The magnetc field IS measured with a Hall prope (see
Figure 14).

Key

substrate
coating
Hall elemept
magnet
Hall voltag
control curfent

4

’\Q-D-CA)I\)—\

Figure 14 — Hall probe

5.5.6.2 Procedure

Place the instrunient on the coating so that it is perpendicular to the coating. Read the thickness directly from
the dial or calgulate it in accordance with the manufacturer's instructions.

5.5.7 Method 7C — Magnetic-induction gauge

5.5.71 Description of instrument
This instrument contains an electromagnet for determining the film thickness from the change produced in the

magnetic field when it approaches a ferromagnetic substrate (see Figure 15). A low-frequency (LF, e.g. 60 Hz
to 400 Hz) alternating electromagnetic field is generated by the electromagnet (see 1SO 2178 [3])
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Key

supstrate

cogting

fefromagnetic core
alternating magnetic field (LF)
measurement signal

o A W N -

current

Figure 15 — Principle of magnetic-induction gauge

5.5.7.2 Procedure

Place|the instrument on the coating so that it is perpendicular to the coating. Calculate the film thickness from
the chlange in the magnetic flux.

5.5.8 | Method 7D — Eddy-current gauge

5.5.8.1 Description of instrument

This instrument contains an electromagnet for determining the film thickness from the change inl the magnetic
field daused by e€ddy currents in the electrically conductive substrate (see Figure 16). A high-frequency (HF,
e.g. 0]1 MHz t6-30 MHz) alternating electromagnetic field is generated in the electromagnet (seq ISO 2360 [4]).
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substrate
coating
ferrite core
alternating
eddy curre
current

N o b WON -~

measurem

magnetic field (HF)

hts

ent signal

5.5.8.2 Procedure

Place the inst

5.6 Radiological method

5.6.1 Principle

The film thick

used as the radiation source:

Figure 16 — Principle of eddy-current gauge

rument on the coating so that it is perpendicular to the coating.

hess is deriveddrom the interaction between ionizing radiation and the coating. A radioisotope is

5.6.2 Field pf application
The radiologital-principle is suitable for any film-substrate combination, provided the difference betwegn the
atomic numberofthe uuatillg materiatand-thatof-the-substratetsatteast5 (acc 1SO-3543 [m])_

5.6.3 General

Measurement of the film thickness can be affected by

— the geometry of the substrate (dimensions, curvature);

— impurities at the surface of the coating;

— variations in the coating density.

24
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5.6.4 Method 8 — Beta backscatter method

5.6.4.1 Description of instrument
The beta backscatter apparatus (see Figure 17) consists of

— a radiation source (radioisotope) which emits mainly beta particles having an energy appropriate to the
film thickness to be measured;

— a probe or measurement system with a range of apertures and containing a beta detector to count the
number of backscattered beta particles (e.g. a Geiger counter);

— al|data-processing and display system.

Key

supstrate

cogting

cojunter

raglioisotope
backscattered particles
aperture

o O W N -

Figure 17 — Beta backscatter method

5.6.4.2 Verification

Verify| and,_if-hecessary, adjust the instrument with standards having as far as possible g coating and
substriate6f\the same composition as the specimen to be examined.

5.6.4.3 Procedure
Operate the instrument in accordance with the manufacturer’s instructions.

5.7 Photothermal method

5.7.1 Principle

The film thickness is determined from the difference between the time a thermal wave is radiated towards the
coating and the time the re-emitted wave (either heat or ultrasonic) is detected (see Figure 18).
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Key

substrate
coating
re-emitted thermal radiation

absorption|of radiation by coating (depends on coating thickness and coating material)
thermal irrgdiation

thermal waves

N O b WN -

ultrasonic yaves

Figure 1§ — Interaction of radiation with the specimen in photothermal thickness measurement

Irrespective df the type of excitation involyed, or the method of detection, all photothermal methods uge the
same principle: the periodic or pulsed intsoduction of energy in the form of heat into a specimen and the
subsequent detection of the local temperature increase.

The time diffgrence measured is-“compared against values obtained with the instrument for films of known
thickness under fixed conditions-(excitation energy, pulse length, excitation frequency, etc.) (see 5.7.4.2).

5.7.2 Field of application

The photothermal principle is basically suitable for all film-substrate combinations. It can also be uged to
determine thg thicknesses of the individual layers in a multilayer coating, provided the layers are suffigiently
distinct from gach other with respect to their thermal conductivity and reflection properties.

The required minimum substrate thickness is a function of the measurement system used (see 5.7.4.1.1) and
the film-substrate combination.

5.7.3 General
Classification of the method as destructive or non-destructive depends on the purpose of the coating. The

thermal energy absorbed by the coating could have an impact on the coating owing to the local heating effect
produced.
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Method 9 — Determination using thermal properties

5.7.4.1 Instrument and reference standards

5.741.1 Measurement system

There are various methods for producing thermal waves in a coating material and for detecting the thermal
effects induced at the heated location in the specimen (see EN 15042-2 [18]). Thermal radiation sources (e.g.
laser sources, light-emitting diodes, incandescent light sources) are mainly used as the excitation system for
paint coatings.

The fd

|
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|
Q.

— P

5.7.4.

Refer¢nce specimens with different absorption properties and a_ range of film thicknesses ar

verific
5.7.4.

Verify

each film-substrate combination (in particular for eachi-coating material).

5.7.4.

Operd
the di

5.8

5.8.1

In the
throug

5.8.2

[Towing detection methods are used:.
btection of the re-emitted thermal radiation (photothermal radiometry);
btection of the change in refractive index (in the heated air above the measurement area);

yroelectric detection (heat flow measurement).

1.2 Reference standards

Ation purposes (see EN 15042-2 [18]),

P Verification

and, if necessary, adjust the measurement system with the reference specimens (see

B Procedure

te the instrument in accordance with the manufacturer’s instructions. Read the thickness
splay or calculate it in accordance with the manufacturer's instructions.

Acoustic method

Principle

h the coating:

Field of application

b required for
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acoustic method, the film thickness is determined from the propagation time of an ulfrasonic pulse
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The sound velocity shall be uniform in the individual coats and shall differ markedly from the sound velocity in
the adjacent coat and in the substrate.

NOTE
wood)

5.8.3

Inhomogeneities in the coating (e.g. the presence of aluminium flakes) and in the substrate (e.g. the grain in

can influence the result.

General

The acoustic field can be affected by the geometry of the substrate (dimensions, curvature and roughness).
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5.8.4 Method 10 — Ultrasonic thickness gauge

5.8.4.1 Description of instrument

This instrument has an ultrasonic transmitter and a receiver for determining the film thickness from the sound
propagation time (see Figure 19).

P
®
<

substrate
coating 1
coating 2
coating 3
couplant
probe (transmitter and receiver)
pulse pendtrating into coating
reflected plilses

T Mo g wN =

Figure 19 — Ultrasonic thickness gauge

5.8.4.2 Procedure

Apply a couplant to the coating whose thickness is to be measured. Place the instrument with the probe face
flat on the coating. Operate the instrument and determine the results in accordance with the manufacturer's
instructions.

6 Determination of thickness of uncured powder layers

6.1 General

Annex A gives an overview of the methods used for determination of the thickness of uncured powder layers.
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6.2 Gravimetric method

6.2.1 Principle

The film thickness of the uncured powder layer, ¢, in micrometres is calculated from the difference between
the mass of the uncoated specimen and that of the coated specimen using the following equation:

_ m—mo

A pp

(4)

ny is the mass of the uncoated specimen, in grams;

m is the mass of the coated specimen, in grams;

A| is the coated surface area, in square metres;

pb is the density of the uncured powder coating material applied, in grams per millilitre.

NOTE The density of the powder coating material can be determined in_accordance with ISO 8130-2 dr ISO 8130-3.

6.2.2 | Field of application

The gravimetric method has general applicability.

6.2.3 | General
Using|the gravimetric method yields the mean yalue of the film thickness over the entire coated|surface area.

When|applying the powder, the reverse side-of the specimen shall be masked to prevent measurement errors
resulting from partial coating of the reverse-\(overspray).

6.2.4 | Method 11 — By difference'in mass
6.2.4.1 Apparatus
Requifed are scales capable of weighing up to 500 g to the nearest 1 mg.

6.2.4.2 Procedure
Weigh the clean-Uncoated specimen, coat it and reweigh. Calculate the film thickness using Equation (4).

The second weighing shall be carried out immediately after powder application.

6.3 Magnetic methods

6.3.1 Principle

The film thickness is determined from the interaction between a magnetic field and the metallic substrate. The
film thickness is derived from the change in the magnetic field.

6.3.2 Field of application
Magnetic methods are suitable for coated metal substrates.

For method 12A, the substrate must be ferromagnetic, and for method 12B non-ferromagnetic.
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6.3.3 General
The magnetic field produced by the instrument can be affected by the following factors:
— the geometry of the substrate (dimensions, thickness);

— the properties of the substrate material (e.g. permeability, conductivity and properties resulting from any
pretreatment);

— the roughness of the substrate;

I Other ma dl IUt;b f;U:dO (IUO;dUG: Illayl IUt;OIII Uf thU oubotl atU [= 1] Id UI\tUI 1 IG: Illclyl IUt;U f;c:do)
Only measurgments on flat surfaces are permissible.

6.3.4 Methqd 12A — Magnetic-induction gauge

6.3.4.1 Depcription of instrument

This instrument contains an electromagnet for determining the film thickness from:the change produced|in the
magnetic field when it approaches a ferromagnetic substrate (see Figure 20).cA lIow-frequency (LF, e.g.[60 Hz
to 400 Hz) alternating electromagnetic field is generated by the electromagret)(see 1SO 2178 [3])

Key

1 substrate

2 coating

3 baseplate

4  magnet or pddy.current probe

Figure 20 — Probe of magnetic-induction gauge for powder coating thickness measurements

The influence of the probe on the thickness of the uncured powder layer shall be kept to a minimum when
positioning the probe.

6.3.4.2 Procedure

Place the instrument on the coating so that it is perpendicular to the coating. Read the thickness directly from
the display or calculate it in accordance with the manufacturer's instructions.
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