INTERNATIONAL
STANDARD

SO
3543

Second edition

2000-12-15
Metallic and non-metallic coatings —
Measurement of thickness— Beta
backscatter method
Revétements métalliques et non-mgtalligues — Mesurage de |'épaisseur —

Méthode par rétrodiffusion des rayons beta

Reference number

= R— ISO 3543:2000(E)

ISO

©1S0 2000


https://standardsiso.com/api/?name=edc4009b7cb70a12be80c3a7aab8e098

ISO 3543:2000(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but shall not
be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In downloading this
file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat accepts no liability in this
area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation parameters
were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In the unlikely event
that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1SO 2000

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means, electronic
or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or ISO's member body
in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20
Tel. +412274901 11

Fax +4122 74909 47

E-mail copyright@iso.ch

Web www.iso.ch

Printed in Switzerland

ii © I1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=edc4009b7cb70a12be80c3a7aab8e098

ISO 3543:2000(E)

Contents

Terms and AEFINITIONS ..uuniiiee ettt e et e et e e e e et e e e es e e s et e e esbaaeesaanseesees

] AToT o] OO PPPPUTPPPP -
Aptaratus ...................................................................................................................................
Fagtors relating to measurement UNCErtaiNty ........ccccvvvvvvvveveeeeeieeeeeieeeiereeereeereeeeenn e b
Cajibration Of INSIFUMENTS .....oiiiiiiiie e b aad e e

VL =R Yo T o oo =T LU (= PR, (0 SO

MEASUremMent UNCEITAINTY .........ccceiveeiiiiieieeeeeeereseee e sieeeeee e s fhe e threste s e e eresreebe e

© 00 N O O b~ W DN P

=] 1 A =] o 0] o S P SO SUUPPPPPT

Annex A (informative) General information ............cvvvveevvieieeeieiereiiiee e Mo

© 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=edc4009b7cb70a12be80c3a7aab8e098

ISO 3543:2000(E)

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. 1ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft Internatjonal Standards adopted by the technical committees are circulated to the member bodieg for voting.
Publication ag an International Standard requires approval by at least 75 % of the member’bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this International Standard may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent.rights.

International $tandard 1SO 3543 was prepared by Technical Committee ISO/TC 107, Metallic and othgr inorganic
coatings, Subcommittee SC 2, Methods of inspection and coordination of test methods.

This second gdition cancels and replaces the first edition (ISO 3543;1981), which has been technically r¢vised.

Annex A of th|s International Standard is for information only.
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Metallic and non-metallic coatings — Measurement of thickness —

Beta b

1 Scop

WARNING
of differen
present a
internation

This Intern
beta backs
substrates.
substrate n|

NOTE Since the introduction of the X-ray fluorescence method (ISO 3497), the beta backscatter method
less and less for the measurement of coating thickness. However, because”of its lower cost, it is still a very u
measurement for many applications. In addition it has a wider measuringrange.

2 Terms and definitions

For the purposes of this International Standard, the:following terms and definitions apply.

2.1

radioactive decay

spontaneolis nuclear transformation in“which particles or gamma radiation are emitted or X-radiat

following o
[ISO 921:1

2.2

beta partig

electron or
[ISO 921:1
2.3

beta-emitt
beta-emitt

ackscatter method

Beta backscatter instruments used for the measurement of coating thicknesses U
It radioactive sources. Although the activities of these sources are normally-very |
hazard to health, if incorrectly handled. Therefore, reference should*be mad
al and national standards, where these exist.

htional Standard specifies a method for the non-destructive measurement of coating thick
catter gauges. It applies to both metallic and non-metallic coatings.on both metallic ang

To make use of this method, the atomic nhumbers or equivalent’atomic numbers of the cq
eed to differ by an appropriate amount.

bital electron capture, or the hucleus undergoes spontaneous fission

D97, definition 972]

e
positron which has been emitted by an atomic nucleus or neutron in a nuclear transformati

DO 7 deéfinition 81]

se a number

bw, they can

a}

to current

nesses using

I non-metallic

ating and the

has been used

eful method of

on is emitted

pn

ing isotope
ing source

beta emitter
material, the nuclei of which emit beta particles

NOTE 1

disintegration.

NOTE 2
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Table A.1 lists some isotopes used with beta backscatter gauges.
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2.4
electron-volt

unit of energy equal to the change in energy of an electron in passing through a potential difference of 1 V

NOTE 1

1leV=1,60219 %1019

[1ISO 921:1997, definition 393]

NOTE 2

commonly used.

2.5

Since the electron-volt is too small for the energies encountered with beta particles, the mega-electron-volt (MeV) is

activity

disintegratio
number of sp
interval of tim

[1SO 921:199
NOTE1 Inb
NOTE 2 Thel

generally exprg

2.6
radioactive h
time required

[1SO 921:199

2.7
scattering
process in wh
with a particlg

[1ISO 921:199

2.8
backscatter
scattering as

NOTE Ra

included in thq
radiation meas

2.9

N rate

ontaneous nuclear disintegrations occurring in a given quantity of material duririg ;a su
e divided by that interval of time

[, definition 23]

eta backscatter measurements a higher activity corresponds to a greater emission of beta particles.

Sl unit of activity is the becquerel (Bq). The activity of a radioactive elément used in beta backscatt
ssed in microcuries (uCi) (1 uCi = 3,7 x 104 Bq, which represents 3,7x 10* disintegrations per secon

alf-life
for the activity to decrease to half its value by a single-radioactive decay process

[, definition 975]

ich a change in direction or energy-of\an incident particle or incident radiation is caused by
or a system of particles

(, definition 1085]

b result of which a-particle leaves a body of matter from the same surface at which it enterg

Hiations otherthan beta rays are emitted or backscattered by a coating and substrate and some of {
backscatter ‘'measurement. In this International Standard the term “backscatter” is used to m¢g
red.

tably small

er gauges is
d).

a collision

d

hese can be
an the total

+ [

R
ratio of the nu

NOTE The

af
LN

mber of particles backscattered to that entering the body

value of Ris independent of the activity of the isotope and of the measuring time.
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2.10
backscatter count

2.10.1

absolute backscatter count

X

number of particles backscattered during a fixed interval of time, and received by a detector

NOTE X depends on the activity of the isotope, the measuring time, the geometric configuration of the measuring system
and the properties of the detector. The count produced by the uncoated substrate is generally designated by X,, and that of the
coating material by Xs. To obtain these values, both these materials have to be available with a thickness greater than the
saturation thickness (see 2.13).

2.10.2
normalized backscatter count
Xn
quantity that is independent of the activity of the isotope, the measuring time and the properties of the detector and
defined by the equation:

X-X
Xn ¥ 7o
XS - XO
where
X, is[the absolute backscatter count of the saturation thickmess of the substrate material,

s is|the absolute backscatter count of the saturation;thickness of the coating material;

X isf|the absolute backscatter count of the coated specimen;
each of these counts being taken over the sametinterval of time

NOTE 1 [he value of X, is valid between Otand 1.

NOTE 2 Hor simplicity, it is often advantageous to express the normalized backscatter count as a percentage by multiplying
X, by 100.

2.11
normalized backscatter-curve
curve obtaiped by plotting the coating thickness as a function of X,

2.12
equivalent (appdrent) atomic number
for a matefriat; which can be an alloy or a compound, the atomic number of an element that has the same
backscatter coefficient Ras the material

2.13
saturation thickness
minimum thickness of a material that, if exceeded, does not produce a change in backscatter

NOTE Figure A.1 shows saturation thickness, s, plotted as a function of density for different isotopes.

© I1SO 2000 — All rights reserved 3
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2.14
sealed sourc

e

radioactive source sealed in a container or having a bonded cover, the container or cover being strong enough to
prevent contact with and dispersion of the radioactive material under the conditions of use and wear for which it

was designed

[1ISO 921:1997, definition 1094]

NOTE Als
2.15
aperture
opening of t

o referred to as “sealed isotope”.

] hittin toct cnoaciman and t dotarminac aiza of tha _aran an ik
STIZCT O trc—arco Oy irert

thickness is tq

NOTE Thi

2.16
source geon
spatial arrang

2.17
dead time

time period dyring which a Geiger-Muller detector is unresponsive to the receipt of further beta particles

2.18
resolving tim
recovery time
circuit is unre

2.19

basis materigl

basis metal
material upon|

[ISO 2080:19

2.20
substrate
material upon

NOTE Fo
intermediate cd

[ISO 2080:19

n-aa. o a-thao thAa at thao
OIS oo ottt gt tC ST opP T aro— ot Tt T o tricT

be measured

5 mask is also often referred to as a platen, an aperture platen or a specimen support.

etry
ement of the source, the aperture and the detector, with respect to each.other

e
of the Geiger-Miiller detector tube and associated(electronic equipment during which th
Eponsive to further pulses

which coatings are deposited or formed

B1, definition 134]

which a coating is directly deposited

a single or fitSt coating the substrate is identical with the basis material; for a subsequent
ating is the substrate

B1, definition 630]

3 Princip

le

he coating

e counting

coating the

When beta particles impinge upon a material, a certain portion of particles is backscattered. This backscatter is

essentially a f

unction of the atomic number of the material.

If the body has a surface coating, and if the atomic numbers of the substrate and of the coating material are
sufficiently different, the intensity of the backscatter will be between two limits: the backscatter intensity of the
substrate and that of the coating. Thus, with proper instrumentation and, if suitably displayed, the intensity of the
backscatter can be used for the measurement of mass per unit area of the coating, which, provided that it is of
uniform density, is directly proportional to the thickness, i.e., to the mean thickness within the measuring area.

© 1SO 2000 — All rights reserved
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The curve expressing coating thickness versus beta backscatter intensity is continuous and can be subdivided into
three distinct regions as shown in Figure 1, on which the normalized count, X, is plotted on the x-axis, and the
logarithm of the coating thickness on the y-axis. In the range 0 < X, < 0,3 the curve is essentially linear. In the
range 0,3 < X, < 0,8 the curve is nearly logarithmic; this means that, when drawn on semi-logarithmic graph paper,
as in Figure 1, the curve approximates a straight line. In the range 0,8 < X, < 1 the curve is nearly hyperbolic.

Logarithm of cogting thickness

0 0 20 30 40 50 60 70 80 90 100
Normalized backscatter count x 100

Key

1 Substrate with saturation thickness
2  Coating with saturation thickness
a  Approximately linear

b

Approximately logarithmic

(g]

Approximately hyperbolic

Figure 1 — Typical normalized backscatter curve

© I1SO 2000 — All rights reserved 5


https://standardsiso.com/api/?name=edc4009b7cb70a12be80c3a7aab8e098

ISO 3543:2000(E)

4 Apparatus

4.1 Beta backscatter gauge, comprising:

a) a radiation source (isotope) emitting mainly beta particles having an energy appropriate to the coating
thickness to be measured;

b) a probe or measuring system with a range of apertures that limit the beta particles to the area of the test
specimen on which the coating thickness is to be measured, and containing a detector capable of counting the
number of backscattered particles, for example a Geiger-Mduller counter (or tube);

c) areadouHnstramentrherethethtensty-otthebackseatterisdisplayed:

d) a readoyt instrument display, which can be in the form of a meter reading or a digital~readout, either
proportiopal to the absolute count or to the absolute normalized count or to the coating thickness| expressed
either in thickness units or in mass per unit area.

5 Factorg relating to measurement uncertainty

5.1 Counting statistics

Radioactive decay takes place in a random manner. This means that, dufing a fixed time interval, thel number of

beta particles| backscattered will not always be the same. This gives.rise to statistical errors inherent jn radiation

counting. In donsequence, an estimate of the counting rate based.-on*a short counting interval (for example, 5 s)

can be appre
low. To redu
accumulate a

For counts ng

that is a:\f_

it is often hel
Thus, a cour
Whenever pg
would corresy

Direct-reading
permit the di
number of re
standard devi

NOTE The
it also depends

ce the statistical error to an acceptable level,\the counting interval has to be long
sufficient number of counts.

rmally made, the standard deviation, o, will-Closely approximate the square root of the abs
; in 95 % of all cases, the true count will be within X £ 2 . To judge the significance of th

bful to express the standard deviation as a percentage of the count, that is 100X / X,
t of 100 000 will give a value 10 times more precise than that obtained with a coun
ssible, a counting interval shall be chosen that will provide a total count of at least 10
ond to a standard deviation-of 1 % arising from the random nature of radioactive decay.

instruments are also-subject to these statistical random errors. However, if these instrum
bplay of the actualcount rate, one way to determine the measuring precision is to ma
petitive measutements at the same location on the same coated specimen, and to c3
Ation by conventional means.

e precisiomof a thickness measurement by beta backscatter is always less than the precision describ
on theother factors described in 5.2 to 5.17.

Ciably different from an estimate based on a longer:;c¢ounting period, particularly if the counting rate is

enough to

blute count,
b precision,
or 100/X.

t of 1000.
000, which

ents do not
ke a large
liculate the

ed in 5.1, as

5.2 Coatin

g and substrate materiats

As the backscatter intensity of a measurement depends on the atomic numbers of the substrate and of the coating,
the uncertainty of the measurement will depend to a large extent on the difference between these atomic humbers;
thus, with the same measuring parameters, the greater this difference, the more accurate the measurement will be.

As a guide, for most applications, the difference in atomic numbers should be at least 5. For materials with atomic
numbers below 20, this difference may be reduced to 25 % of the higher atomic number; for materials with atomic
numbers higher than 50, this difference should be at least 10 % of the higher atomic number. Most unfilled plastics
and related organic materials (for example photoresists) may be assumed to have an equivalent atomic number
close to 6.

NOTE Table A.2 gives the atomic numbers of some typical coatings and substrate materials.

© 1SO 2000 — All rights reserved
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5.3 Aperture

Despite the collimated nature of the sources used in commercial backscatter gauges, the backscatter recorded by
the detector is nearly always the sum of the backscatter produced by the test specimen exposed through the
aperture and that of the specimen support. It is therefore, advantageous to use for the platen construction a
material with a low atomic number, and to select the largest aperture possible. However, measuring errors will still
occur if the edges of the aperture opening are worn or damaged, or if the test specimen does not properly contact
these edges.

Because the measuring area on the test specimen has to be constant to prevent the introduction of another

variable, namely the dimensions of the test specimen, the aperture shall be smaller than the area of the surface on
which the measurement is made.

5.4 Coating thickness

5.4.1 In the logarithmic range, the “relative measuring error” is nearly constant, and has its-smallesfvalue.
5.4.2
constant, W

Xn = 0,3, t

ess, is nearly
S. At, or near,
at the relative

In the linear range, the “absolute measuring error”, expressed in mass per ynit area or thickr
hich means that as the coating thickness decreases, the relative measurng error increase
e relative errors of the linear and logarithmic ranges are about thetsame. This means th

error at thig

543 In
the beta b3

55 Res

Because o
always less
diminish th

5.6 Sou

The greate
specimen.
form and g
and not frg
mounted o
accordance

5.7 Cur

point can, for all practical purposes, be used to calculate the absolute error over the entirg

ckscatter will produce a large variation in the measured value of coating thickness.

plving time of the detector
the dead time (see 2.17) of the Geiger-Muller;tube, the count indicated by the readout

than the actual number of backscattered beta particles that would otherwise be counted.
P measuring accuracy, unless the count rate’is excessively high.

r'ce geometry

5t measuring accuracy is obtained with the source placed in a particular position with resp
This position depends on the collimation of the beam of beta particles from the source, an
ze of the aperture. If possible, most of the backscattered radiation should be from the t

N the aperture platen;where it can be adjusted to an optimum position. The source shall &
with the manufacturer’s instructions.

ature

This test

remains the

ethod’is sensitive to the curvature of the test specimen. However, the normalized back
same if the surface of the test specrmen does not protrude into the aperture of the platen

linear range.

he hyperbolic range, the measuring error is always large, because a small variation in the intensity of

instrument is
This does not

ect to the test
J the location,
pst specimen,

m the platen. In general, the measuring uncertainty is reduced to a minimum when the isotope is

e mounted in

scatter curve
by more than

men. By using

specially selected aperture platens or masks where the isotope is pre- mounted in a flxed optimum position, it is
possible to obtain nearly identical readings on flat and curved specimens. This permits the use of flat calibration
standards for the measurement of curved specimens.

In most cases, the relationship between maximum aperture size and specimen surface curvature is specific to the
individual instrument design. These details shall, therefore, be obtained from manufacturer’s data.

© 1SO 2000 — All rights reserved
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5.8 Substrate thickness

5.8.1 Test specimens without intermediate layers between the coating and the basis material

The test method is sensitive to the thickness of the substrate, but for each isotope and material there is a critical
thickness, called “saturation thickness”, beyond which the measurement will no longer be affected by an increase
of the substrate thickness. This thickness depends on the energy of the isotope and on the density of material; it
depends very little on the atomic number of the material. If values are not supplied by the manufacturer, they
should be determined experimentally.

If the substrate thickness is less than the saturation thickness, but constant, substrate correction will, in general,
yield accurat ; T i i i i —jand varies,
this test methjod will not yield merely a single value for the coating thickness, but a range of values.with an upper
and lower limit. If the readout instrument is capable of displaying the absolute or normalized backscatter[count rate,
simplified grgphs can be used to determine this range for each substrate thickness, withaut haying actual
standards. If they are not available from the manufacturer, this range has to be determined experimentally.

5.8.2 Test gpecimens with intermediate layers between the coating and the basiSymaterial

If the intermegliate layer adjacent to the coating is thicker than the saturation thickness, the test method will not be
affected by afy variations in the substrate thickness, as long as the instrument is’calibrated with standards having
the intermediate coating as the basis material.

If the thicknegs of the intermediate layer is less than the saturation thickness, but constant, substratg correction
will, in genergl, yield accurate measurements. However, if the thickness of the intermediate layer is less than the
saturation thigkness, and varies, this test method will not yield merely a single value for the coating thickness, but a
range of valups with an upper and lower limit. If the readout instrument is capable of displaying the pbsolute or
normalized bpackscatter count rate, simplified graphs can be''used to determine this range for eacl substrate
thickness, without having actual standards. If they are nat available from the manufacturer, this range has to be
determined experimentally.

5.9 Surfage cleanliness
Foreign matefial, such as dirt, grease and_corrosion products, can produce erroneous readings. The natural oxide

coatings that{form on some metal coatings also tend to produce low readings, especially if the mgasurement
requires the use of isotopes of which the beta emission has an energy of less than 0,25 MeV.

5.10 Substiate material
In order to obtain accurate thickness readings, the backscatter produced by the substrate materials|of the test

specimen and that produced by the calibration standard shall be the same. If they are different, othen calibration
standards shall be used, or appropriate corrections made, in accordance with the manufacturer’s instructions.

5.11 Densitycof coating material

Essentially, the beta backscatter test method is a method for comparing the mass per unit area of the coating
material on the test specimen with that of the coating on the standard. If these differ from each other, the thickness
readout shall be corrected for the difference. This is done by multiplying the measured thickness by the coating
density of the calibration standard and then dividing the product by the coating density of the test specimen.
Porosity or voids in the coating material can also change the apparent density of the material.

5.12 Composition of coating

Because the composition of a coating affects the mass of coating per unit area, it will also affect the instrument
response (amount of backscattered beta radiation). This effect can be negligible for alloying elements having
densities close to each other such as cobalt-nickel alloys. Very small quantities of alloying elements, such as those
present in high gold alloy deposits, also have little effect.

8 © 1SO 2000 — Al rights reserved
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5.13 Energy of beta particles

Because the precision of the measurement, for a given isotope, is not constant over the entire range of
measurement but is at a maximum in the logarithmic portion of the normalized beta backscatter curve (see
Figure 1), the isotope should, whenever possible, be selected in such a manner that the expected measurement
falls into the range 0,3 < X, < 0,8 of the normalized curve.

In general, instructions for selecting the proper isotope are provided by the manufacturer.

5.14 Measurement time

A measureffient time that 1S oo snort wilt yield poor measurement precision. Selecton or the meagurement time
will, therefqre, depend on the desired measurement precision. Each time the measurement timeris.imcreased by a

factor of n, the counting uncertainty is reduced by a factor of Jn.

5.15 Actiyity of radioactive source
The count fate is dependent on the activity of the source. An old source can have glew activity, requiling excessive

time to male a good measurement (see 5.1). As a practical guide, the source should be replaced befpre its half-life
has elapsefl.

5.16 Coating-substrate combination

The precisipn of measurement depends on the difference between‘the atomic number of the coating and that of the
substrate materials. The greater this difference, the better the precision (see also 5.2).

5.17 Surflace roughness

Measurement accuracy can be influenced by the rodghness of the coating surface, but generally the effect is
negligible, gspecially if the energy of the beta particles is high, and the atomic number of the coating i$ low.

6 Calibration of instruments

6.1 Frequency of calibration

Beta backgcatter instruments-shall be calibrated using standards before measurements are made gnd each time
the measuflement conditiohs)are changed. During use, the calibration should be checked at least evgry 4 h, and at
one calibraition point, gengrally that of the bare substrate material, at least once per hour depending g¢n the stability
of the instriment. Attention shall be given to the factors listed in clause 5 and the procedures specified in clause 7.

6.2 MetTod of calibration

In addition to the zero point, the complete calibration curve can be defined either by two points of the logarithmic
range, or by a single point, if the slope in the logarithmic range is known. In the first case, two calibration standards
shall be used and in the second, only one.

6.3 Calibration standards

The instrument shall be calibrated with standards having a uniform coating thickness. Whenever possible, these
standards shall have an accuracy of £ 5 %, or better (see 8.2). The coating and substrate materials of the standard
should have the same (or equivalent) atomic numbers as the substrate and coating materials of the test specimen.
Standards corresponding to the bare substrate material and the coating material are also considered to be
“calibration” standards. For calibration, it is sometimes also possible to use foils of the coating material, which are
placed on, and in contact with, the substrate. When used, such foils shall be clean, smooth, uniform in thickness
and in intimate contact with the substrate.

© I1SO 2000 — All rights reserved 9
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The substrate of the calibration standard shall have the same backscatter properties as that of the test specimen.
This shall be verified by comparing the backscatter intensity of both uncoated substrate materials.

If coating materials have the same or equivalent atomic numbers, but different densities, the normalized
backscatter curves will, for all practical purposes, be parallel. Under these circumstances, thickness measurements
shall be corrected for the difference in densities (see also 5.11).

If “equivalent” calibration standards, i.e., standards made of different materials but having the same beta
backscatter characteristics, are used to calibrate the instrument, their suitability shall be established prior to
measurements being made.

6.4 Substratethickness

The substratg thicknesses for the test specimen and the calibration shall be the same, unle§sythg saturation
thickness (se¢ 5.8.1) is exceeded. If they are different, appropriate corrections shall be made.

6.5 Curvafure
The curvaturg of the calibration standard and of the test specimen shall be the same, except iff it can be

demonstrated that the readings from a flat or curved specimen are, for all practicakpurposes, identical. |f this is not
possible, the feadings shall be corrected.

7 Measuling procedure

7.1 Calibration and operation

Each instrument shall be operated in accordance with the~manufacturer’'s instructions, with particular attention
being paid to the factors listed in clause 5, and shall be calibrated in accordance with clause 6.

The calibration of the instrument shall be checked atthe test site each time the instrument is used, and|at frequent
intervals, in agcordance with 6.1, during use.

7.2 Precadtions

7.2.1 Substrate thickness
The substratg thickness shall-exceed the saturation thickness. If it does not, ensure that the calibratiop has been

made with a qubstrate having‘the same thickness and properties as the test specimen, or correct the reqding using
the procedurd given in 5.8;

7.2.2 Measlringaperture

The size of the-measuring aperture depends on the size and shape of the test specimen The mamufacturer’s
recommendations concerning the choice of a measuring aperture shall be followed. In no case shall the measuring
aperture be larger than the coated area available on the test specimen. The test specimen shall be seated firmly
and securely against the measuring opening, except in the case of continuous measurements or measurements on
large areas.

7.2.3 Curved specimens

Verify that the aperture used for the measurement is correct for the radius of curvature of the test specimen, and, if
the calibration has not been made using standards having the same curvature as the test specimen, verify that the
calibration is applicable to the measurement as follows.

Two test specimens shall be used, one being a curved specimen, the other being a flat specimen of the same
material.
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Place the flat specimen over and in intimate contact with the platen aperture. Record the count rate obtained from
this specimen using the equipment, isotope and platen in question. Remove and replace this specimen several
times, each time recording the count rate. Determine the mean value of the count rate and the associated standard

deviation.

Replace the flat specimen by the specimen with the curved surface, and repeat the procedure used for the flat
specimen. The mean count rate value obtained from the curved specimen should ideally remain within the limits
established with the flat specimen, if the platen used for the test is ideally suitable. In practice, a small error, due to
curvature, is acceptable if it is negligible in comparison with the error of the coating measurement (see 5.4).

7.2.4 Substrate material

The backs
specimen.
instructions
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All foreign
surface pri
visible defe

7.2.6 Measuring time
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7.2.7 Comnftinuous measurements

The materi
provide cdg
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8 Meas
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available.

8.2 Thee
its true thic

9 Test

catter produced by the substrate of the standard shall be the same as that produce
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This shall be verified by actual tests. In the case of a significant difference, the’ manufacturer’s

regarding corrections shall be followed, or new standards that agree with the test spec

face cleanliness

materials, such as dirt, grease, lacquer, oxides and conversion céatings, shall be remg
Dr to the measurement, by cleaning it without removing any coating material. Specimen
cts, such as flux, acid spots, etc., shall be avoided when taking-measurements.
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al being measured, the material feed mechanism and the measuring head being used ghall together
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jations.

commercially

vithin 10 % of

report

The test report shall contain the following information.
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f) the platen aperture size;

g) the measured values and the standard deviation for each as calculated from actual repetitive measurements,
accompanied by a statement on the reliability and certification of the calibration standards used (see Note).
The report of the thickness measurement shall be accompanied, wherever appropriate, by the following
statements, or their equivalent (see 6.3):

1) that the thickness of the coating has not been corrected for density;

2) that the coating does not have the same composition as that of the calibration standards;

3) that
diffe

h) the densi
i) any devia
j) anyfacto
k) the name

) the lates
traceabili

NOTE Simplified methods to determine the random errors of thicknesssmeasurements prior to an actual meag

available from
standard devial
repetitive coun

he substrate is not the same as that of the calibration standard _and (nn) carrection was m
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Ly used for thickness calculation and the justification used for that value;

itions from this International Standard test method;

Is that might influence interpretation of the reported results;

of the operator and that of the testing laboratory;

| date of certification of the calibration or other acceptable teference standard(s) use

y.

Eome manufacturers. If not available, the error can be detérmined by either of two methods: a) by c
ion from repetitive thickness determinations; b) by camputing the standard deviation of the counti
s, and calculating the equivalent deviation of the thickness.
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i and their
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