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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.

The procedures used to develop this document and those intended for i irther ma
descrjbed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamn

intenance are

beded for the

differjent types of ISO documents should be noted. This document was drafted in aceordgqnce with the

Attenfion is drawn to the possibility that some of the elements of this document’may be the subject of
patenft rights. ISO shall not be held responsible for identifying any or all such-patent rights. Details of
any pptent rights identified during the development of the document will be'in the Introdyction and/or

on the ISO list of patent declarations received (see www.iso.org/patents}:

Any tfade name used in this document is information given for the convenience of users
constjtute an endorsement.

and does not

For explanation of the voluntary nature of standards)the meaning of ISO specific terms and
expregssions related to conformity assessment, as well as information about ISO's adhdgrence to the

World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT)
.org/iso/foreword.html.

This ¢

methdds for paints and varnishes.

see WwWw.iso

ocument was prepared by Technical Committee ISO/TC 35, Paints and varnishes, SC 9, General test

This fifth edition cancels and replaces the/fourth edition (ISO 2808:2007), which has been technically

— the terms and definitions have\been updated to ISO 4618 and ISO/IEC Guide 99;
— the principle has been revised;

hite-light interferometer has been added as method 6C;

— the terahertz method has been added as method 11;

— the existimgymethods have been adapted to the current state of metrology;

— the characterisation of the methods and procedures in Annex A have been revised;

id to current

— the references to test standards and constructions standards in Annex A have been updated;

— former Clause 7 on measurement of the film thickness on rough surfaces has been moved to Annex B;

— Annex C, on factors which influence measuring accuracy when measurements are performed on

wood has been added.

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 consistently enumerates the individual coatings applied in a multi-layer system by
referring to the first coating applied on the substrate as coating 1. Some other standards referring to
individual test methods enumerate in reverse order.
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INTE

RNATIONAL STANDARD ISO 2808:2019(E)

Paints and varnishes — Determination of film thickness

1 S

cope

This document describes methods for measuring the thickness of coatings applied to a substrate.
Methods for determining wet-film thickness, dry-film thickness and the film thickness of uncured
powder layers are described.

For epch method described, this document provides an overview of the field of applieat

stan

rds and the precision.

Inforiation on measuring film thickness on rough surfaces is given in Annex B

Inforimation on measuring film thickness on wooden substrates is given in. Annex C.

2 N

The f
const|
undat

[SO 3
exter]

ISO 4

ISO 8
rough
surfad
3 7
For th

ISO aj

q

et

— I
3.1

ormative references

bllowing documents are referred to in the text in such & way that some or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

h11, Geometrical product specifications (GPS) — Diménsional measuring equipment: Mi
al measurements — Design and metrological characteristics

b18, Paints and varnishes — Terms and definitions

603-1, Preparation of steel substrates before application of paints and related produd
ness characteristics of 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 fol

1d IEC maintaintérminological databases for use in standardization at the following

$0 Online browsing platform: available at https://www.iso.org/obp

C Electropedia: available at http://www.electropedia.org/

ion, existing

their content
applies. For
ents) applies.

rrometers for

ts — Surface
itions for ISO

owing apply.

addresses:

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

3.2

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

3.3

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

3.4
thick

ness of uncured powder layer

thickness of a freshly applied coating material in powder form, measured immediately after application

and b

efore stoving
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3.5

019(E)

relevant surface area
part of an object covered or to be covered by the coating and for which the coating is essential for
serviceability and/or appearance

Note 1 to entry: Measurement of this property is only required for the extended evaluation of film thickness

measurement

3.6
testarea

s; see Clause 7, k) and 1).

representative part of the relevant surface area within which an agreed number of single measurements
is made as a spot-check

Note 1 to ent
measurement

3.7
measureme
area over wh

Note 1 to ent
measurement

3.8
minimum Id
lowest value

Note 1 to ent
measurement

39

'y: Measurement of this property is only required for the extended evaluation of filmhthi
5; see Clause 7, k) and 1).

nt area
ich a single measurement is made

'y: Measurement of this property is only required for the extended¢evaluation of film thi

5; see Clause 7, k) and 1).

cal film thickness
of the local film thickness found on the relevant surface area of a particular test speq

'y: Measurement of this property is only required.férthe extended evaluation of film thi
5; see Clause 7, k) and 1).

maximum l¢cal film thickness

highest valug

Note 1 to ent
measurement

3.10
mean film t]

of the local film thickness found on‘the relevant surface area of a particular test spe

'y: Measurement of this property is/only required for the extended evaluation of film thi
5; see Clause 7, k) and 1).

hickness

arithmetic mean of all the individual dry-film thicknesses (3.3) in the test area or the resul

gravimetric

Note 1 to ent
measurement

3.11
calibration

letermination ofthéthickness

'y: Measurement of this property is only required for the extended evaluation of film thi
5; see Clause7;k) and 1).

operation th

kness

kness

imen

kness

rimen

kness

[ of a

kness

ht,under specified conditions, in a first step, establishes a relation between the qu

hntity

values with measurement uncertainties provided by measurement standards and corresponding
indications with associated measurement uncertainties and, in a second step, uses this information to
establish a relation for obtaining a measurement result from an indication

Note 1 to entry: A calibration may be expressed by a statement, calibration function, calibration diagram,
calibration curve, or calibration table. In some cases, it may consist of an additive or multiplicative correction of
the indication with associated measurement uncertainty.

Note 2 to entry: Calibration should not be confused with adjustment of a measuring system, often mistakenly
called "self-calibration”, nor with verification of calibration.

Note 3 to entry: Often, the first step alone in the above definition is perceived as being calibration.

[SOURCE: ISO/IEC Guide 99:2007, 2.39]
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3.12
verification
provision of objective evidence that a given item fulfils specified requirements

EXAMPLE 1
and measurement procedure concerned, down to a measurement portion having a mass of 10 mg.

EXAMPLE 2
achieved.

EXAMPLE 3  Confirmation that a target measurement uncertainty can be met.

Note

to entry:- When npp]ir‘nhlp measurementuncertainty shonld he taken into consideration

Confirmation that a given reference material as claimed is homogeneous for the quantity value

Confirmation that performance properties or legal requirements of a measuring system are

Note Zto entry: The item may be, e.g. a process, measurement procedure, material, compound, or.thea

Note 3 to entry: The specified requirements may be, e.g. that a manufacturer's specifications’are ny

Note 4 to entry: Verification in legal metrology, as defined in VIML, and in conformiity assessmsé
pertains to the examination and marking and/or issuing of a verification certificate for a measurin

Note ]

Note 6
of the

to entry: In chemistry, verification of the identity of the entity invélved, or of activity, require
structure or properties of that entity or activity.

[SOURCE: ISO/IEC Guide 99:2007, 2.44]

3.13
refer
RM
matel
estab

ence material

ial, sufficiently homogeneous and stable-with reference to specified properties, wh
ished to be fit for its intended use in me€asurement or in examination of nominal pro

Note
uncer

1 to entry: Examination of a nominal property provides a nominal property value a
ainty. This uncertainty is not a measfirement uncertainty.

Note !
precis
measy

P to entry: Reference materidlsiwith or without assigned quantity values can be used for
ion control whereas only reference materials with assigned quantity values can be used for
rement trueness control.

Note 3 to entry: "Referenceiaterial” comprises materials embodying quantities as well as noming
EXAMPLE 1
a)
b)

Examples of reference materials embodying quantities:

water of stated purity, the dynamic viscosity of which is used to calibrate viscometers;

hpimansserum without an assigned quantity value for the amount-of-substance concentration

holésterol, used only as a measurement precision control material;

[«

suring system.
et.

int in general,
g system.

to entry: Verification should not be confused with calibration. Not everyVerification is a validation.

5 a description

ich has been
perties

nd associated

measurement
calibration or

| properties.

fthe inherent

)
EXAMPLE 2
a)
b)
<)

Note 4 to entry: A reference material is sometimes incorporated into a specially fabricated device.

fish tissue containing a stated mass fraction of a dioxin, used as a calibrator.
Examples of reference materials embodying nominal properties:
colour chart indicating one or more specified colours;

DNA compound containing a specified nucleotide sequence;

urine containing 19-androstenedione.

EXAMPLE 3  Substance of known triple-point in a triple-point cell.

EXAMPLE 4  Glass of known optical density in a transmission filter holder.
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EXAMPLE 5

019(E)

Spheres of uniform size mounted on a microscope slide.

Note 5 to entry: Some reference materials have assigned quantity values that are metrologically traceable to a
measurement unit outside a system of units. Such materials include vaccines to which International Units (IU)

have been ass

igned by the World Health Organization.

Note 6 to entry: In a given measurement, a given reference material can only be used for either calibration or
quality assurance.

Note 7 to entry: The specifications of a reference material should include its material traceability, indicating its
origin and processing (Accred. Qual. Assur.:2006).

Note 8 to entry: ISQ/REMCO has an analogous definition but uses the term "measurement process” to mean
"examination'| (ISO 15189:2007, 3.4), which covers both measurement of a quantity and examination of angminal
property.

Note 9 to entrjy: Reference materials may be coated thickness standards, or shims. If agreed to by the contrjacting
parties, a par{ of the test specimen may be used as a thickness standard for a particular job.

[SOURCE: ISQ/IEC Guide 99:2007, 5.13, modified — Note 9 to entry has been addedy]

3.14

adjustment

adjustment jof a measuring system

set of operdtions carried out on a measuring system so that it{provides prescribed indications
corresponding to given values of a quantity to be measured

Note 1 to entfy: Types of adjustment of a measuring system includg, zero adjustment of a measuring system,
offset adjustnfent, and span adjustment (sometimes called gain adjustment).

Note 2 to enfry: Adjustment of a measuring system should not be confused with calibration, which is a
prerequisite fpr adjustment.

Note 3 to entrjy: After an adjustment of a measuring system, the measuring system must usually be recalibjrated.
Note 4 to entfy: Most digital measurement instrurments can be adjusted on a thickness standard or on 4 shim,
where the thigkness of the coating or of the shim.is known.

[SOURCE: ISQ/IEC Guide 99:2007, 3.11,modified — Note 4 to entry has been added and “adjustmgnt” is
used as the flrst preferred term.]

3.15

accuracy

measuremerit accuracy

accuracy of heasurement

closeness of agreemeént’between a measured quantity value and a true quantity value of a measurand
Note 1 to entry; The concept "measurement accuracy” is not a quantity and is not given a numerical quantity
value. A measjirément is said to be more accurate when it offers a smaller measurement error.

Note 2 to entry: The term "measurement accuracy" should not be used for measurement trueness and the term
measurement precision should not be used for ‘measurement accuracy’, which, however, is related to both these
concepts.

Note 3 to entry: "Measurement accuracy” is sometimes understood as closeness of agreement between measured
quantity values that are being attributed to the measurand.

[SOURCE: ISO/IEC Guide 99:2007, 2.13, modified — “accuracy” is used as the preferred term.]
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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

With mechanical-procedures-the-measurinsinstrument{seeFisurest—2and-3Key4passes through
by the coating being placed on the surface of the substrate. The difference between/the points of
contakt (substrate, see Figures 1, 2 and 3, Key 1) and the coating surface touched ftom the top of the
measpirement instrument (Figures 1, 2 and 3, Key 3) corresponds to the readable wetfilm|thickness.

4.2.2| Field of application

The nmiechanical principle is suitable for all film-substrate combinationsi-The substrate hap to be flat in
at leapt one direction in the area where the measurement is performied. Curvature of thg surface in a
singlg plane is permissible (e.g. internal or external surface of pipges).

4.2.3| General
Classification as a destructive or non-destructive method depends on:

a)

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

(=

e rheological properties of the coating material;

c) Whether the thickness measurements§ will make the coating unsuitable for the purposg for which it
i intended.

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

In thq case of a wheel gatige (method 1B, see 4.2.5), the wheel has to be wetted by the coatiing material.
If not| this represents-afurther source of systematic error which can result in exaggerated feadings and
is a fynction of:

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

— the material of the wheel gauge;

— thespeedatwhichthe wheeHs turmed:
4.2.4 Method 1A — Comb gauge

4.2.4.1 Description of instrument

A comb gauge is a flat plate made of a corrosion-resistant material with teeth along its edges (see
Figure 1). The reference 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 commercially available comb gauges, the maximum thickness which can be measured is typically
2 000 pm and the smallest increment is typically 5 pm.

© IS0 2019 - All rights reserved 5
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Key

substrate
coating
point of W

AW N R

comb gaul

4.2.4.2 Pr

Ensure that
specimen su
coating to wy¢

In the case o
the axis of cy

The thickne
example, by

Take the gre

4.2.5 Method 1B — Wheel-gauge

4.2.5.1 De

A wheel gaug
rims (see Fig

retting contact
ge

Figure 1 — Example of a comb gauge

bcedure

the teeth are clean and not worn out or dainaged. Place the comb gauge onto th
rface such that the teeth are normal to the plane of the surface. Allow sufficient time f}
et the teeth prior to removing the gauge

rvature.

5s shall be measured direetly after application since the result will be influence
bhysical drying, curing orisolvent loss.

hitest gap reading of the tooth wetted by the coating material as the wet-film thickneg

Scription of instrument

e consists of a wheel, made of hardened and corrosion-resistant steel, with three proj¢
ufe,2).

e flat
br the

f specimens curved in a single plang, the comb gauge shall be placed in position paralllel to

d, for

bcting

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 protrusion of the concentric rims relative to the eccentric rim can be read.

Two versions are available:

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

— version 2 has the eccentric rim located systematically outside the concentric rims and closely

adjacent

NOTE Un

to one of them.

like version 1, the design of version 2 allows parallax-free reading of the wet-film thickness.

© ISO 2019 - All rights reserved
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With commercially available wheel gauges, the maximum thickness which can be measured is typically
1 500 pm and the smallest increment is typically 2 um.

3

(4|

1
Key
1 sybstrate
2 co¢ating
3  egcentric rim
4  wheel gauge

Figure 2 — Example of a wheel gauge

4.2.5]2 Procedure

Grip fhe wheel gauge with the thumb and-index finger by the wheel axle and press the copcentric rims
onto the surface at the point of the largést reading on the scale.

In thq case of specimens curved-iir‘a single plane, the axis of curvature and the wheel gauge axle shall
be pafallel.

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

Calcujate the wetfilm thickness as the arithmetic mean of these readings.

The thickness shall be measured directly after application since the result will be influenced, for
example; by physical drying, curing or solvent loss.

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 materials (reference standard)

4.2.6.1.1 Dial gauge [see Figure 3 a) and b)]

Analogue dial gauges conforming to the requirements of ISO 463 and digital dial gauges are typically
capable of measuring to an accuracy of 5 pm (analogue dial gauge) or 1 um (digital dial gauge), or better.
The gauge can have an analogue or digital display.

© IS0 2019 - All rights reserved 7
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The underside of the dial gauge has two contact pins of equal length located equidistant from the
movable plunger and in a straight line with it. An adjusting screw is used to make careful adjustments
to the position of the plunger in its guideway.

b), -Example of a digital dial gauge

Key

1 substrate
2 coating

3  plunger

Figure 3 — Examples of an analogue and a digital dial gauge

4.2.6.1.2 Reference material for zeroing the gauge

A flat reference plate is required for zeroing the gauge. The reference plate shall be a polished glass plate.

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.

8 © IS0 2019 - All rights reserved
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Place the contact pins of the dial gauge on the specimen so that they are perpendicular to the surface of
the substrate and carefully lower the plunger down until the measuring tip is just touching the coating
material.

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

The thickness shall be measured directly after application since the result will be influenced, for
example, by physical drying, curing or solvent loss.

Read the wet-film thickness directly from the gauge.

4.3

4.3.1

A coa
and b

The W

wher

n
n

A

p

NOTE
ISO 2§

4.3.2

Theg
in the

4.3.3

Detern

Gravimetric method

Principle

fing is applied and the thickness is determined by dividing the mass ofithe coating
y the coated surface area.

ret-film thickness, t,,, in micrometres, is calculated with Formula (1)

W
m-m,
A-p

o is the mass of the uncoated specimen, in grams;
is the mass of the coated specimen, in grams;
is the coated surface area, in squatie metres;

is the density of the liquid coating material applied, in grams per cubic centimetre

11-2,1S0 2811-3 or ISO 2811-4.

Field of application

ravimetric priaciple is generally applicable, provided that the amount of highly volati
liquid coating material is low.

General

mination using the gravimetric principle yields the mean wet-film thickness over the

y its density

)

S.

The density of the liquidiceating material applied can be determined in accordance with ISO 2811-1,

e substances

bntire coated

surfa

Ce area. Vith spray application In particular, the reverse side oI the specimen shall

e masked to

prevent measurement errors resulting from partial coating of the reverse (overspray). Any masking of
the reverse side shall be removed before weighing the coated specimen.

4.3.4

Method 2 — By difference in mass

4.3.4.1 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

Formula (1).
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4.4 Photothermal method

4.4.1 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 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 difference measured is compared against values obtained with the instrument for fi]lms of
known thickhess under fixed conditions (excitation energy, pulse length, excitation frequency; etcl) (see
44.4.2).

Key

1 infrared detector
2 excitatior] beam
3 thermal rpdiation
4  specimen

Figure 4 — Representation of radiometric detection

4.4.2 Fiel:Lofapplication

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 distiact' from each other with respect to their thermal conductivity and reflg¢ction
properties.

The required minimum substrate thickness is a function of the measurement system used (see 4.4|4.1.1)
and the film-substratecombimatiorr.

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.
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4.4.4 Method 3 — Determination using thermal properties
4.4.4.1 Instrument and reference materials (reference specimens)

4.4.4.1.1 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[28]), Thermal radiation
sources (e.g. laser sources, light-emitting diodes, incandescent light sources) are mainly used as the
excitation system for coatings.

The f¢pllowing detection methods are used:
— detection of the re-emitted thermal radiation (photothermal radiometry);
— detection of the change in refractive index (in the heated air above the measurement drea);

— ppyroelectric detection (heat flow measurement).

4.4.4/]1.2 Reference material

Referpnce materials with different absorption properties and arange of film thicknesses|are required
for callibration purposes (see, for example, EN 15042-2[28]),

4.4.4)2 Calibration

Calibrate the measurement system with the reference-materials (see 4.4.4.1.2) for each film-substrate
combjnation (in particular for each coating material).

4.4.4)3 Procedure

Operate the apparatus and measuresthe film thickness in accordance with the manufacturer's
instryctions.

5 Determination of dry;film thickness

.1 |General

5
Annex A gives an gyerview of the methods used for determination of dry-film thickness.

5.2 |Mechanical methods

5.2.1| “Principle

A micrometre 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.

There are two ways of determining the film thickness:
a) 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 removed in the measurement area, the substrate thickness is measured.

b) 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.

© IS0 2019 - All rights reserved 11
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The film thickness is calculated from the difference between the two readings.

A depth gauge (method 4B, see 5.2.5) or a profilometer (method 4C, see 5.2.6) enables the film thickness
to be determined directly as the difference in height between the surface of the film and the surface of

the exposed substrate.

NOTE Only the “coating removal” variant is possible with a depth gauge or profilometer (metho
and 4C).

5.2.2 Field of application

The mechanical principle is basically suitable for all film-substrate combinations. Where mech

ds 4B

nical

gauging is uded, the substrate and coating shall be constituted so as to prevent the reading fram
falsified as afresult of the measuring tip creating an indentation.

The micromdtre or dial gauge (method 44) is also suitable for measuring the film thickness-of cylin
specimens of circular cross-section (e.g. wires, pipes).

The profilonjeter (method 4C) is recognized as the referee method in the event of aydispute.

5.2.3 General

In the “coating application” variant, a template with labelled holés)is used to ensure th3
determinatign of the substrate thickness and total thickness is carried out at exactly the same po

NOTE1 Thg “coating application” variant is preferred in the case of plastic substrates since in most caf
substrate canpot be exposed without causing damage.

In the “coating removal” variant, the measurement areas ‘shall be circled and labelled. The c
shall be carefully and completely removed in the measurement areas without damaging the sub
mechanically or chemically. The substrate may be pabntly masked using adhesive tape before coat
order to obtdin well-defined steps from one layer.to the next.

In the case of the depth gauge and profilometep (methods 4B and 4C), the coating which is not ren
in the region|of the measurement area shall remain undamaged.

being

drical

t the
nts.

es the

ating
strate
ing in

noved

In the case df the profilometer (method’4C), the shoulder between the substrate and the film suyrface

shall be sufficiently well defined.

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

NOTE 2 In the case of less*hard substrate materials such as steel, the film can be cut through with a cor
of 10 mm diameter and‘the disc of coating thus formed removed with a solvent or paint remover.

All surfaces (coatiiig, substrate, reverse side of specimen) which are contacted or gauged shall be
and free from film residues.

[rates

e drill

clean

5.2.4 Method 4A — By difference in thickness
5.2.4.1 Description of instrument
5.2.4.1.1 Micrometre

5.2.4.1.1.1 General

The micrometre 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.
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5.2.4.1.1.2 Version 1 — Fixed to a stand

A micrometre head with a plane measuring face is clamped to a stand with a flat measuring table surface
such that its height can be adjusted. The measuring face shall be aligned parallel to the measuring table
surface.

5.2.4.1.1.3 Version 2 — Hand-held (see Figure 5)

The usual term for this kind of instrument is an outside micrometre, although it is also known as
micrometre callipers for external use. The micrometre shall conform to the requirements of ISO 3611.
The measuring faces of the spindle and the anvil shall be plane and parallel to each other.

05 >
|:[ R
45

Figure 5 — Outside micrometre

5.2.4]1.2 Dial gauge

5.2.4]1.2.1 General

Analdgue dial gauges conforming to the requirémeénts of ISO 463 and digital dial gauges [are typically
capal]le of measuring to an accuracy of 5 pm (analogue dial gauge) or 1 um (digital dial gauge), or better.
The ghuge shall be fitted with a device for lifting the measuring tip. The shape of the measyring tip shall
be selected as a function of the hardness,of the coating material whose thickness is to pe measured
(sphefical for hard materials, plane fof soft materials).

5.2.4{1.2.2 Version 1 — Fixed\to a stand

The djial gauge is clamped to,aStand as shown in Figure 6. If a plane stylus tip is used, the measurement
surfage shall be aligned parallel to the measuring table surface.

© IS0 2019 - All rights reserved 13
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Figure 6 — Dial gauge fixed to a stand

5.2.4.1.2.3 |Version 2 — Hand-held

This dial gayge is fitted with a hand grip. The device-for lifting the plunger shall be configured such
that the gauge can be operated with one hand. Thé interchangeable tip of the anvil shall be ldcated
opposite thelmovable measuring tip. The shape of-the measuring tip shall be selected as a functjion of

the hardnesq of the material to be tested (spherical for hard materials, plane for soft materials).

If both the measuring tip and the anvil are of plane design (such as in the foil thickness gauge shown in
Figure 7), th¢ measurement surfaces shall'be parallel to each other.

Key
1 gauge aperture
2 upper measuring tip

3 measuring plug

14

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 (micrometre, 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 measuring table surface.

Wher
the fi

NOTE
to a st

Repe:
apply

Carry

— W
t4

|
v <

The fi
obtai

5.2.5

5.2.5

5.2.5

Micrag
micrd
subst

using a hand-held type (5.2.4.1.T and 5.2.4.1.Z, Version Z in each case) hold the speq
ked measuring tip.

The grip of the instruments specified in 5.2.4.1.1 and 5.2.4.1.2, version 2 in each ¢ase, c
and to make operation easier.

t the procedure for the second measurement after removing thefilm (“coating
ing the film (“coating application”).

out each measurement such that:

hen using a micrometre as described in 5.2.4.1.1, the spifidle is moved against the
bsted until the ratchet is activated;

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

ilm thickness is the difference between the reading obtained for the total thickn
ned for the substrate thickness.

Method 4B — Depth gauging
1 Instruments and reference materials (reference specimens)

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

metres of this type,dre typically capable of measuring to the nearest 5 um, oj
metre shall be fitted with a ratchet to limit the force exerted by the contact elg
rate. It has a flat)base or foot which is placed on the coating surface and acts as a refe

imen against

hn be clamped

removal”) or

surface to be

the tip of the

ess and that

better. The
ment on the
rence plane.
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3 1
Key
1 substrate
2 coating
3  contact element
4  flat base ¢r foot

Figure 8 — Micrometer depth gauge

5.2.5.1.2 Version 2 — Dial depth gauge (see Figure 9)

Analogue digl gauges conforming to therequirements of ISO 463 and digital dial gauges are typgically
capable of m¢asuring to an accuracy of5)um (analogue dial gauge) or 1 um (digital dial gauge), or hetter.
Instead of a flat measuring bridge, two contact pins of equal length can be fixed to the bottom dide of
the dial gauge. Both need to be arranged in equal distance and aligned to the movable contact el¢gment
as shown in Figure 9. The gauge-can have a flat base or foot which is placed on the coating surfade and
acts as a refgrence plane.
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Key
libstrate

N =
o wn

ating
ntact element

(@}

Figure 9 — Dial depthgauge

5.2.5{1.3 Reference materials for zeroing the gauge

A flat|reference plate is required for zeroing the gauge. The reference plate shall be a polishgd glass plate.

5.2.5)2 Procedure

Remave the coating from the measurement area. Zero the instrument by checking the zefo point with
the rdference plate (5.2.5.1.3) and-then:

a) when using a micrometre_depth gauge, place the foot on the coating surface so that the spindle is
apove the exposed area and screw the spindle down until the tip touches the subsfrate and the
ratchet is actuated;

b) hen using asdial depth gauge, place the contact element on the exposed substrate|and the foot

r contact pins) on the coating (if the gauge is of the type with contact pins, care shall be taken to
hsure that they are perpendicular to the specimen surface).

o<

The me 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
equipment. For the purposes of film-thickness measurements, the instrument is used to record the
profile of a shoulder formed between the substrate and the coating by removal of part of the coating
(see Figure 10). Roughness or profile gauges with a freely moving stylus in which the radius of the
stylus tip is selected to match the roughness of the substrate and film surface are the most suitable.

NOTE Measurements can also be made optically or acoustically (i.e. without any contact with the specimen).
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substrate
coating

1

2

3  stylustip
4  scale
5

lever

Figure 10 — Surface prfile scanner

5.2.6.2 Procedure

Prepare the |specimen as specified in 5.2.3. 'Scan and record the surface profile in the measur¢ment
area using am appropriate monitor and plotter.

The following factors can adversely affect the readings:
— inadequately cleaned surfaces;

— vibratiofs in the gaugingsystem;

— the use df an unsuitable stylus tip.

Draw refererjce lines.through the mean height of the trace recorded for the film surface (upper lin¢) and
through the [trace recorded for the substrate (lower line). Measure the film thickness as the digtance
between the|référence lines at the mid-point of the shoulder.

5.3 Gravimetric method

5.3.1 Principle

The dry-film thickness, t4, in micrometres, is calculated from the difference between the mass of the
uncoated specimen and that of the coated specimen using Formula (2):

m-my
A-p,

(2)

td:
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where

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

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

is the coated surface area, in square metres;

po s the density of the dry coating material applied, in grams per cubic centimetre.

NOTE
ISO 37

5.3.2
The g

5.3.3

Using
surfa
preve

5.3.4

5.3.4

Requ

5.3.4

The dry-film density of the coating material can be determined in accordance wit
33-2 or ISO 3233-3.

Field of application

ravimetric method has general applicability.

General

the gravimetric method yields the mean value of the dry-film thickness over the ¢

nt measurement errors resulting from partial coating.ef the reverse (overspray).
Method 5 — By difference in mass

1 Apparatus

red are scales capable of weighing up ta’500 g to the nearest 1 mg.

2 Procedure

ISO 3233-1,

bntire coated

Ce area. With spray application in particular, the reverse-side of the specimen shall lpe masked to

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

Form

5.4

5.4.1

In the
to the

1la (2).
Optical methods

Principle

cross-sectioning method (method 64, see 5.4.4) the specimen is ground/cut along a
coating'so that the film thickness can be measured directly using a microscope (see

blane normal
Figure 11).
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C J)
Key
1  substrate
2 coating1
3 coating 2
4 coating 3

Figure 11 — Cross-sectioned specimen

With the weflge cut method (method 6B, see 5.4.5) a cut of defined:dimensions is made in the cgating
using a cutting tool at a specified angle to the surface (see Figure12). The film thickness, t, is calcylated
using Formula (3):

t=>b-tanjx (3)

where

b  isthg projected half-width of the cut{(from the edge to the substrate), determined using 3
microscope;

a is the angle of the cut.
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RS
Key
1 syibstrate
2 coating
3  symmetrical cut
4  conical bore
5 sloping cut
b  projected half-width of the cut (from the edge to the substrate), detertined using a microscope
t  film thickness
a apgle of cut

Figure 12 — Symmetrical cut, conical bore and sloping cut

The symmetrical wedge cut (key 3 in Figure 12) can be made in the coating using a specjal blade, the
conicfl bore (key 4 in Figure 12) by a speeial borer and the sloping cut (key 5 in Figure 12) with a
milling tool.
With [white-light interferometry (method 6C, see 5.4.6) the thickness is measured by means of
interference with white light (seetFigure 13). The measured interferences are compared with values
which) were previously determified on films with a known thickness through a secured mgthod.

© IS0 2019 - All rights reserved
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h) Schematic beam path b) Measurement diagram
Key
1 ingressing light beam
2 reflected partial beam 1
3 interfererce
4  reflected partial beam 2
5 coating
6  substrate

Figure 13 — White-light interferometry

5.4.2 Field of application

The optical |
individual 14
distinct in ca

If the cross-
necessary fo

In the event|
referee meth

Film thickne
optically trai

brinciple is basically suitable for all film-substrate combinations. The thicknesses
yers in a multilayer coating,can also be measured, provided the layers are suffic
ntrast from each other.

sectioning or wedge cut-method is used, the substrate will have to have the prop
- it to be sectioned,bered or cut.

of a dispute, the’/cross-sectioning method (method 64, see 5.4.4) is recognized :
od.

isparent films.

5.4.3

bf the
iently

erties

1s the

5s measurement with the white light interferometer (method 6C, see 5.4.6) is applicahle for

Geneéeral

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.

The measurement surface of the specimen shall be flat (in addition see the Note in 5.4.5.2).

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.

With white-light interferometry the light interference can be influenced by the geometry of the
substrate, e.g. curvature and roughness.
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Method 6A — Cross-sectioning
1 Version 1 — By grinding
1.1 Apparatus and materials

1.1.1 Grinding and polishing machine

Apparatus which is used for producing metallographic preparations is suitable.

5.4.4

Use a

5.4.4

Use w
paste

5.4.4

A mi
The n
thick
to an

5.4.4

Embe
the sy
the cq
of the

5.4.4
5.4.4

5.4.4

Requ
clamp

P e Y I 1 h . 1=
1.1.4 LINocuulilg nmcuiuinn

1.1.3 Grinding and polishing media

raterproof abrasive paper, for example P280, P400 and P600 grit, or-suitable grade
or a similar paste.

1.1.4 Measuring microscope

roscope with a suitable illumination system achieving optimum image contrast

ness. The eyepiece or optoelectronic measurement device shall permit measurement
hccuracy of at least 1 um.

1.2 Procedure

d the specimen or a representative sample of the specimen in the resin (5.4.4.1.1.2
ecimen or sample using the grinding-and polishing machine (5.4.4.1.1.1) along a pla
ating surface. Repeat this process,with an ever-finer grade of abrasive. Measure the
exposed layer(s) using the microScope.

2 Version 2 — By cutting
2.1 Apparatus

2.1.1 Cuttér

red is astraversing or rotary microtome with carbide blades of suitable geometry an
ing the'specimen in place.

cold-setting resin that has no deleterious effect on the coating and gives gap-fré€e embedding.

5 of diamond

is required.

hagnification shall be chosen such that the field of yision corresponds to 1,5 to 3 times the film

s to be made

). Wet-polish
he vertical to
thickness(es)

1 a holder for

5.4.4

2 12 Measuring microscone
EeaS €F cope

_____ S il

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 atleast 1 pm.

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 perpendicular to the coating surface. Measure the thicknesses of the
exposed layers using the microscope.

© IS0 2019 - All rights reserved
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5.4.5 Method 6B — Wedge cut

5.4.5.1 Apparatus

5.4.5.1.1 General

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

5.4.5.1.2 Cutter

Required is
specified ang

The cutting ool (cutting blade, special paint borer or milling tool) shall

— be made|
— have pre
be of sui

Standard cut

5.4.5.1.3 Measuring microscope or digital measurement equipment

A microscop
eyepiece sha
may be used

5.4.5.2 Pr

Mark the sp¢
Make the cuf
mark to loca
projected ha

NOTE Fol
conical bores

5.4.6 Method 6C — White-light interferometry

5.4.6.1 Ins

a special instrument with a replaceable cutting tool for producing precise cuts
le.

of a carbide material;
cisely ground cutter flanks;
fable geometry to ensure accurate wedge cuts.

ting angles are in the range a = 5,7° (tana = 0,1) to a = 45%(tana = 1).

e with approximately x50 magnification and*<an illumination device is required.

ht the

The

| permit measurements to be made to the neatest 20 pm. Digital measurement equipment

as an alternative.

bcedure

ecimen with, for example, a felt‘tip pen in a contrasting colour in the measurement

area.

or bore through this mark.The cut or bore shall penetrate into the substrate. Using the

e the cut or bore with the'microscope or the digital measurement equipment, measu
f-width, b, and calculatéthe film thickness(es) using Formula (3) (see 5.4.1).

mula (3) cannot becused with curved surfaces. A modified calculation formula can be ug
n curved surfaces;hiowever.

trument and reference material

re the

ed for

\

5.4.6.1.1

Thitoe licht intarfaramntnaye

o
TITCC IS IIT T TC T ICTUTIICTCY

Commercial white-light interferometer.

5.4.6.1.2 Reference material

A reference material with a known thickness is required for calibration purposes.

5.4.6.2 Procedure

Operate the instrument in accordance with the manufacturer’s instructions. Read the thickness directly
from the display.
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5.5 Magnetic methods

5.5.1 Principle

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 5.5.4), or from changes in the magnetic field (methods 7B.1, 7B.2 and 7C,
see 5.5.5,5.5.6 and 5.5.7).

5.5.2 Field of application

Magngtic methods are suitable for coatings on metal substrates.

For methods 7A, 7B.1 and 7B.2, the substrate shall be ferromagnetic, and for\inet
ferromagnetic.

The properties of the coating shall be such that the reading is not rendered invyalid when t}
probg touches the coating surface.

5.5.3| General

The magnetic field produced by the instrument can be affected,"among other things, by 1
factors:

See 140 2178[31 and ISO 2360[4! for further influencing factors.
5.5.4| Method 7A — Magnetic pull-off gauge

5.5.4]1 Description ofinstrument

This |nstrument cofitains a magnet for determining the film thickness from the force
betw¢en the maghetand the substrate (see Figure 14).

NOTE Théinstrument shown in Figure 14 a) can be used in any position. The instrum
Figurg 14 b):is'designed for use only in one orientation because of the effect of gravity.

=

e geometry of the substrate (dimensions, curvatureand thickness);

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

the roughness of the substrate;

other magnetic fields (residual magnetism of the substrate and external magnetic fiel

hod 7C non-

le measuring

he following

ies resulting

of attraction

ent shown in
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2
1
a) Versioh 1 (Adapted from ISO 2178:2016, Figure 1) b) Version 2
Key
1  substrate
2 coating
3  magnet
4  scale
5 spring
Figure 14 —Magnetic pull-off gauge
5.5.4.2 Procedure

Place the ins
direction pet
remove the 1

trument with the magnet against the coating. Lift the magnet away from the coatin
pendicular to the'epating surface. The film thickness is derived from the force requi
nagnet from the'specimen.

5.5.5 Method 7B.1=*Magnetic-flux gauge

5.5.5.1 De

scription of instrument

g in a
red to

This instrument contains a magnet for determining the film thickness from the change, caused by the
substrate, in the magnetic field of the magnet. The magnetic field is measured with a Hall probe (see

Figure 15).
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hl]l element
agnet

hll voltage
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Figure 15 — Hall probe

2 Procedure

the instrument on the coating so that it is pérpendicular to the coating. Read the thick
the dial or calculate it in accordance withythe manufacturer's instructions.

Method 7B.2 — Magnetic field .change, magnetic-induction principle

1 Description of instrument

nstrument contains a coil system for determining the film thickness from the char
magnetic field wheh it approaches a ferromagnetic substrate (see Figure 16). A 1d
1z) alternating electromagnetic field is generated by the coil system.

ness directly

ge produced
w-frequency
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Key

AW N R

Figure 16

5.5.6.2 Pr

Place the ing
calculated fr

5.5.7 Method 7C — Eddy-currentgauge

5.5.7.1 De

This instrun
magnetic fie
frequency (>

28

ferromag
low-freqy
steel/iroi]
coating

hetic core of the probe I~ excitation cdrrent
ency alternating magnetic field t thickness
substrate U=f(t) measurement signal

— Principle of magnetic-induction gaugé/(Adapted from ISO 2178:2016, Figureg 2)

bcedure

trument on the coating so that'it is perpendicular to the coating. The film thicknless is
bm the change in the magnetic flux.

scription of instrument

ent contains@n electromagnet for determining the film thickness from the change jn the
d caused by eddy currents in the electrically conductive substrate (see Figure 17). Alhigh-
| kHz)alternating electromagnetic field is generated in the electromagnet.
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4
Key
1  fdrrite core of the probe I~ excitation current
2 hjgh-frequency electromagnetic field U = f{t) > measurement signal
3  copating t thickness
4  bpse metal
5 injduced eddy current

Figure 17 — Example for the eddy.carrent method (Adapted from ISO 2360:2017, [Figure 1)

5.5.72 Procedure

Place(the instrument on the cedting so that it is perpendicular to the coating.
5.6 [Radiological method

5.6.1| Principle

The fllm thiekness is determined from the interaction between ionizing radiation and the coating. A
radiolsotepe is used as the radiation source.

5.6.2 Field of application

The radiological principle is suitable for any film-substrate combination, provided the difference
between the atomic number of the coating material and that of the substrate is at least 5 (see
1SO 3543[12]),

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;
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— variations in the coating density.
5.6.4 Method 8 — Beta backscatter method

5.6.4.1 Description of instrument
The beta backscatter apparatus (see Figure 18) consists of:

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

— a probe prmreasurenrentsystenrwithrarangeofaperturesandcontaimingabetadetectortojcount
the numper of backscattered beta particles (e.g. a Geiger counter);

— adata-processing and display system.

Key

1 substrate

2 coating

3 counter

4  radioisotgpe

5 backscattered particles
6  aperture

Figure 18 — Beta backscatter method

5.6.4.2 Verification

Verify and, if necessary, adjust the instrument with standards having as far as possible a coating and
substrate of fhe’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 19).
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Key

1 infrared detector
2 excitation beam

3  thermal radiation
4 s:[ecimen

Figure 19 — Representation of radiometric detection

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

The tjme difference measured is compared against valdes obtained with the instrument for films of
known thickness under fixed conditions (excitation eniergy, 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. Itf can also be
used fo determine the thicknesses of'the individual layers in a multilayer coating, provided the layers
are spfficiently distinct from each other with respect to their thermal conductivity and reflection
propdrties.

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

5.7.3|] General

Classification©f)the method as destructive or non-destructive depends on the purpose of the coating.
The thermalenergy absorbed by the coating could have an impact on the coating owing to the local
heatiTg effeéct produced.

5.7.4 Method 9 — Determination using thermal properties
5.7.4.1 Instruments and reference materials (reference specimens)

5.7.4.1.1 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[28]), Thermal radiation
sources (e.g. laser sources, light-emitting diodes, incandescent light sources) are mainly used as the
excitation system for paint coatings.

The following detection methods are used:

— detection of the re-emitted thermal radiation (photothermal radiometry);
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detection of the change in refractive index (in the heated air above the measurement area);

— pyroelectric detection (heat flow measurement).

5.7.4.1.2 Reference materials

Reference materials with different absorption properties and a range of film thicknesses are required
for verification purposes (see EN 15042-2[28]),

5.7.4.2 Verification

Verify and, i
each film-su

5.7.4.3 Pr

Operate the
from the dis

t

5.8 Acoustic method

strate combination (in particular for each coating material).

bcedure

strument in accordance with the manufacturer’s instructions. Read the|thickness di
ay or calculate it in accordance with the manufacturer's instructionsy

5.8.1 Prin

In the acousflic method the individual film thicknesses are determined from the propagation timg
partially reflected ultrasonic pulse at the interfaces of the coating system. See ISO/TS 19397.

5.8.2 Field of application

The acoustic

The sound ve
velocity in th

NOTE In
grain in wood

5.8.3 Gen¢

The acoustiq
roughness).

lr)omogeneities in the coating (e.g: the presence of aluminium flakes) and in the substrate (e

iple

principle is suitable for any film-substrate combination.

locity shall be uniform in the individual layers and shall differ significantly from the
e adjacent layer and in the substrate.

can influence the result.

bral

field can becaffected by the geometry of the substrate (dimensions, curvatur

5.8.4 Met

5.8.4.1 Description of instrument

od 10-—"Ultrasonic reflection

2) for

rectly

s of a

tound

.g. the

1%

and

This instrument has an ultrasonic transmitter and a receiver for calculating the film thickness on the
basis of the time interval elapsed between entry and exit of the ultrasonic waves (see Figure 20).
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Key

1  spibstrate

2 coating 1

3 coating 2

4  coating 3

5 couplant

6 u

E e¢hol,23
5.8.4)2 Procedure
Apply

trasonic probe (transmitter and receiver)

Figure 20 — Ultrasonic method

a couplant to thecoating whose thickness is to be measured. Place the instrument wjith the probe

face flat on the ceating. The coating thickness is calculated from the time interval required by the

ultras

5.9

ound to trayel through the coatings and back.

Electromagnetic method

5.9.1

Method 11—

erahertzmethod

5.9.1.1 Description of instrument

An instrument having a terahertz transmitter and a terahertz receiver for determining the film
thickness through the sum of the reflections (see Figure 21).

© IS0 2019 - All rights reserved

33


https://standardsiso.com/api/?name=96741e1d8c3715c9bfefe7c38c03b845

ISO 2808:2019(E)

3 4 5

#%\ E/E, Aty At
8
6
1 »—b — 4
2
0

2%%4—3 2+

ny, fy| Ny, Yy 15 20 25 30 35+, t,
/_\\___

6| 7

h) Schematic beam path b) Measurementdiagram

Key
ingre$sing terahertz radiation
sum qf all reflected pulses

film 2
film 1
substfate

N O U W

thick]:ess of film 2
thick
ny uy  refragtive index and/or extinction coefficient of film 2 for the terahertz range used

ess of film 1

n,, U, refradtive index and/or extinction coefficient(of'film 1 for the terahertz range used

E/E, relatiye electrical field

t time, n picoseconds (ps)
Aty double pulse propagation of the first reflex in film 2
At, double pulse propagation of the sécond reflex in film 1

Figure 21 — Principle of terahertz measurement

Introduce pegriodic terahertz radiation into the specimen and then detect the reflected portions pf the
pulse. The erm of albreflected pulses is detected and the thickness of the individual films calcylated

from this pulse eukve. The prerequisite for this calculation is knowledge of the material constants|n and
u of each fil

5.9.1.2 Field of application

The terahertz measurement principle is suitable for nearly all film-substrate combinations. However,
pure layers of metal, e.g. galvanic coatings cannot be measured using this method. It can be used in
particular in order to determine the thickness of individual films in a multilayer system if the material
constants n und u of the individual films sufficiently differ.

The detectable minimum thickness of a film is approximately 5 um. This minimum film thickness and
the maximum determinable film thickness depend on the material properties of the coating and the
substrate and the measurement system used.
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5.9.1.3 General

The terahertz method is a non-destructive method.

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.

6.2 |Gravimetric method

6.2.1| Principle

The fjlm thickness of the uncured powder layer, t,, in micrometres is calculated from the difference
betw¢en the mass of the uncoated specimen and that of the coated specimen using Formula (4):

A-p,

wher¢

M, is the mass of the uncoated specimen, in grams;
m is the mass of the coated specimen, in grams;
Al is the coated surface area, in square metres;

pl, 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 {SO 8130-2 or
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 value of the film thickness over the gntire coated
surfafe aréa="When applying the powder, the reverse side of the specimen shall be masked to prevent
measfirement errors resulting from partial coating of the reverse side (overspray).

6.2.4 Method 12 — By difference in mass

6.2.4.1 Apparatus

Required 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 Formula (4).

The second weighing shall be carried out immediately after powder application.
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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 determined from the change in the magnetic field.

6.3.2 Field of application

Magnetic me

For method ]

6.3.3 Geng

The magneti

thods are suitable for coated metal substrates.

bral

C field produced by the instrument can be affected by the following factors:

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

— the prop
from any

— the roug
— other ma

Only measur

erties of the substrate material (e.g. permeability, conductivity and properties res
r pretreatment);

hness of the substrate;
gnetic fields (residual magnetism of the substrate andyexternal magnetic fields).

ements on flat surfaces are permissible.

6.3.4 Method 13A — Magnetic-induction method

6.3.4.1 De

This instrun
in the magng
(<1 kHz) alte]

scription of instrument

ent contains a coil system for detérmining the film thickness from the change pro
tic field when it approaches. a ferromagnetic substrate (see Figure 22). A low-freq
rnating electromagnetic fieldis generated by the electromagnet.

ulting

Huced
lency
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1 fdrromagnetic core of the probe I~ excitation current
2 lqw-frequency alternating magnetic field t thickness
3 sfeel/iron substrate U = f(t}x»ameasurement signal
4  copating
Figure 22 — Measurement of a powder coating illustrated with the example of a magnetic
induction probe
The influence of the probe on the thickness of the uncured powder layer shall be kept t¢ a minimum

when|positioning the probe.

6.3.4

Place
calcu

6.3.5

6.3.5
This

magneti

2 Procedure

the instrument on the)coating so that it is perpendicular to the coating. The coating
ated from the change in the magnetic field or according to the manufacturer's instru

Method ¥3B'— Eddy-current

1 Deseription of instrument

thickness is
ctions.

hange in the

1|nstrument contains an electromagnet for determining the film thickness from the ¢

frequency (>1 kHz) alternating electromagnetic field is generated in the electromagnet.
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1 ferrite cote of the probe I~ excitatiomcurrent

2 high-freqpency electromagnetic field U=f(t) measurement signal
3 coating t thickness

4  substrate|

5 induced gddy current

Figure 23 — Eddy current method

The influence of the probe on the film thicknéss of the uncured powder layer shall be kept to a minfmum
when positigning the probe.

6.3.5.2 Procedure

Place the instrument on the-coating so that it is perpendicular to the coating. The coating thickness is
determined by the changenfthe magnetic field.

6.4 Photothermal'method

6.4.1 Prinkiple

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 is detected (see Figure 18).

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 difference measured is compared to values obtained with the instrument for films of known
thickness under fixed conditions (excitation energy, pulse length, excitation frequency, etc.) (see 6.4.4.2).
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