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INTERNATIONAL STANDARD

1SO 3882-1986 (E)

Metallic and other non-organic coatings — Review of
methods of measurement of thickness

0 Introfuction

This Internptional Standard summarizes the various methods
used for the measurement of coating thickness and describes
their working principles. Methods of measuring coating
thickness may be either destructive or non-destructive (see
table 1). The information given in table 2 and table 3 will assist
in the choide of the method most suited to a particular purpose.

The thickngss ranges covered by the different methods depend
on the coafing materials, substrates and instruments used.

1 Scople and field of application

This Iinterngtional Standard reviews methods for measuring.the
thickness ¢f metallic and other non-organic coatings on-both
metallic arpd non-metallic substrates. It is limited\to tests
already spegified, or to be specified, in International. Standards,
and excludes certain tests which are employed for special
applications.

2 References

ISO 1463, |Metallic andiexide coatings — Measurement of
coating thitkness — Microscopical method.

ISO 2064, Metallic and other non-organic coatings — Defini-
tions and| eonventions concerning the measurement of

ISO 2361, Electrodeposited nickel coatings ¢n magnetic and
non-magnetic substrates — Measurement of goating thickness
— Magnetic method.

ISO 3497, Metallic coatings — Measurement of coating
thickness — X-ray spectrometric methods.

ISO 3543, Metallic 'and non-metallic coatings|— Measurement
of thickness /~\Beta backscatter method.

ISO 3868,.Metallic and other non-organic coa,Ings — Measure-
ment“of coating thicknesses — Fizeau multiple-beam in-
terferometry method.

ISO 4518, Metallic coatings — Measurement of coating
thickness — Profilometric method.
3 Definitions

For the purpose of this International Standarfl, the definitions
of 1SO 2064 apply.

4 Non-destructive methods

4.1 Magnetic methods

Instruments for these methods measure either the magnetic at-
traction between a magnet and the basis metal, as influenced
by the presence of the coating, or the reluctarjce of a magnetic

flux path passing through the coating and the basis metal.

thickness.

ISO 2128, Anodizing of aluminium and its alloys — Determina-
tion of thickness of anodic oxide coatings — Non-destructive
measurement by split-beam microscope.

ISO 2177, Metallic coatings — Measurement of coating
thickness — Coulometric method by anodic dissolution.

ISO 2178, Non-magnetic coatings on magnetic substrates —
Measurement of coating thickness — Magnetic method.

ISO 2360, Non-conductive coatings on non-magnetic basis
metals — Measurement of coating thickness — Eddy current
method.

The measurement uncertainty of the method is normally less
than 10 % of the thickness or 1,5 um, whichever is the greater.

These methods are limited in practice to non-magnetic coatings
on a magnetic substrate (see ISO 2178) and to electroplated
nickel coatings on magnetic or non-magnetic substrates (see
1SO 2361).

4.2 Eddy current method

This method is based on differences in electrical conductivity
between coatings and substrates. It is used primarily for
measuring the thicknesses of non-conductive coatings on non-
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magnetic metals and of single layer metal coatings on non-
conductors. If this method is used for measuring thicknesses of
metallic coatings on metallic substrates, great care is necessary
if acceptable results are to be obtained.

50 2360 only covers the measurement of the thickness of a
non-conductive coating on a non-magnetic basis metal.

The measurement uncertainty of the method is usually less
than 10 % or 0,5 um, whichever is the greater.

4.5 Split-beam microscope {light section)
method (see IS0 2128)

This equipment was originally designed for the measurement of
surface roughness, but it is also used for measuring the
thickness of transparent and translucent coatings, in particular
anodic oxide coatings on aluminium. A light beam is projected
on to the surface at an angle of 45°. Part of the beam is
reflected from the surface of the coating while the other part
penetrates the coating and is reflected from the coating/metal
substrate interface. The distance which separates the two im-
ages observed in the eyepiece of the microscope is proportional

4.3 X-ray spectrometriec-methods

These methods [use emission and absorption X-ray spec-
trometry for detefmining thickness of metallic coatings.

X-rays are made tp hit a fixed area of the coated surface and the
intensity of the sgcondary radiation emitted by the coating, or
by the substrate and attenuated by the coating, is measured. A
correlation exists |between the intensity of the X-rays and the
coating thicknesq; this is established using calibration stan-
dards.

The X-ray method is generally applicable but its accuracy is
reduced in the following situations:

a) when corjstituents of the coating are present in the
basis metal, apd vice versa;

b) when mofe than two coatings are superimposed;

c) when thel chemical composition of a coating varies
greatly from that of the calibration standard.

it is not applicablg above a certain thickness which depends-on
the atomic numbgr and the mass of the metal.

Instruments capaple of measuring thicknesses of-ecoating with
an uncertainty of less than 10 % are commgrtcially available
{see 1SO 3497).

4.4 Beta backscatter method

Beta ray gauges |use radioisotopes which emit beta rays and
detectors for medsuring thedntensity of the beta rays backscat-
tered by the test ppecimen=The intensity of the backscattered
beta rays will be hetween two values, the backscatter intensity
of the coating angl that'of the basis metal. The measurement is
only possible if tl i i ial is

o the Thickness ot the coating and can be measureg by means

of a vernier screw which controls a calibrated-graticule. The
method can be used where sufficient light is réflectgd from the
coating/metal substrate interface to give a clear image in the
microscope. For transparent or translucent’coatings, such as
anodic oxide films, this method is nan-destructive.

the coating has to be removed and in this applfcation the
method is destructive. The_step between the surface of the
coating and the basis,metal produces a deflection ¢f the light
beam which gives™an absolute measure of the coating
thickness.

For measuring the thickness of opaque coatings, a ls-]:all area of
|

The measurement uncertainty of the method is Jsually less
than 10 %

5" Destructive methods
5.1 Dissolution methods

5.1.1 Gravimetric method (stripping and weighipg)

The coating mass is determined by weighing the sarpple before
and after dissolving the coating without attgcking the
substrate, or by weighing the coating after disgolving the
substrate without attack of the coating. The coatinl should be
of uniform density.

The mass of the coating divided by the density and|the area of
the coating gives the average coating thickness.

The measurement uncertainty of the gravimetric method is nor-
mally less than 5 % over a wide range of thicknesdes.

sufficiently different from that of the substrate. The instrument
is calibrated with calibration standards having the same coating
and substrates as the specimen to be measured. The measured
intensity of the beta rays backscattered by the test specimen is
used to calculate the mass per unit area of the coating, which,
provided that the latter is of uniform density, is directly propor-
tional to the thickness.

The method can be used for measuring both thin and heavy
coatings, the maximum thickness being a function of the
atomic number of the coating.

Usually a measurement uncertainty of less than 10 % over a
wide range of thicknesses (see 1ISO 3543) can be obtained by
this method.

5.1.2 Analytical method

The coating mass is determined by dissolving the coating, with
or without dissolving the substrate material, and determining
the quantity of coating metal by chemical analysis.

The mass of the coating divided by the density and the area of
the coating gives the average coating thickness.

The measurement uncertainty of this method is normally less
than 5 % over a wide range of thicknesses.

The method may not be reliable if the same metal is present in
the coating and in the substrate or in the basis metal.
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5.1.3 Coulometric method

The metallic coating thickness is determined by measuring the
quantity of electricity consumed in dissolving the coating from
a precisely defined area when the article is made anodic in a
suitable electrolyte under suitable conditions.

The change in potential which occurs when the underlying
material is reached serves to indicate the end-point of the
dissolution. The method is applicable to metallic coatings on
both metallic and non-metallic substrates.

ISO 3882-1986 (E)

5.4 Interference microscope method

The thickness of the coating is measured by directing a
monochromatic light beam upon a step of the deposit. This
step is obtained by masking an area of the substrate before
deposition or by masking the coating before dissolution of the
unmasked portion.

A step in the specimen surface causes a shift in the fringe pat-
tern. A shift of one full fringe spacing is equivalent to a vertical
displacement of one-half of the wavelength of the mono-
chromatic light. The whole and fractional number of fringe

The measyrement uncertainty of the method is normally less
than 10 %|(see ISO 2177).

5.2 Micfoscopical (optical) method

In the micrpscopical method, coating thicknesses are measured
on a magnifified image of a cross-section of the coating.

Normally the measurement uncertainty of this method is less
than 10 % subject to a minimum error of 0,8 um (see
ISO 1463).

5.3 Profilometric method (stylus method)

By masking during the coating process, or by dissolving a small
area of thé coating without attacking its substrate, a step_is
formed from the surface of the substrate to that of the cgating.
A stylus is|drawn across this step and its height is determined
by electropically measuring and recording the motion of the
stylus.

The measyrement uncertainty of the methed is normally less
than 10 %|over a wide range of thicknesses (see 1ISO 4518).

spacings—occupied by the fringe shift is determined with an

eyepiece micrometer.

For a description of a multiple-beam‘interfgrometry method,
see |SO 3868.

The measurement uncertainty of.the multiplg-beam method is
normally less than 0,01 pm.

Table 1 — List of‘methods of coating thickness
measurement

Non-destructive methods

Destruct|

ve methods

Magnetic{IS@ 2178 and
1S0.2361)

Eddy current (ISO 2360)
X-ray spectrometry method

Dissolution n

— gravime
dissolut

ethods:

tric (chemical
on)

— analytical determination

(ISO 3497) of dissdlved metal
Beta backscatter method — coulomegtric method
(ISO 3543) (ISO 2177)
Split-beam microscope! Microscopica| examination of
(ISO 2128) cross-section (ISO 1463)
Profilometric method?
(ISO 4518)
Interference microscope
methods? [ISO 3868)

1) May be destructive in some applications.

2) May be non-destructive.



https://standardsiso.com/api/?name=ca9464ad60d0f73d6280290ea3c2a181

1SO 3882-1986 (E)

‘suofleujquod alensqns/Buneod 1sow 01 gigedidde alie yolym ‘uoneuruialsp |eonAjeue pue
‘oawiAeIb ‘8doosoIoiw Wweaq-1ids|‘Answolsyisiui ‘Alzswopyoid ‘Anzewoiloads Aei-X ‘[e91d09S0.0 I i SMOJ|0) SB 818 8S8Y | "Pasn ag Aew Spoylawriayld ‘spoyiaw 8sayl 0} UORIPPE U "Way} 10} pado
-jonap aq Aew $314|01193}8 Mau o 814(01109j8 Bunsixe aWOs YIIM paisa) 8q Aew s|qel ayl Ul palsi| 10U SUONIBUIGWIOD 18Y10 POYlaw J1138WO0[N03. AL JO 9SeD Pyl Uj 'SPOY1atu 8y} o suoienwi| |eonoeid ayl
01 sapinb se uaxel aq PINOYS SUOIIONIISUI ,$18N10BNUBW JUSLUNISUI BY | "SBSSBUNDIY} BUilROD JO } UBWIBINSEaAW 8y} 104 SPOLIBW [BIUSWINIISUI pasn Ajuquiwiod Jsow 8y} saiedlpul a|qel styy — 310N
‘uonISOdWod Aojle 01 BAIISUSS S| POYISIN (€
‘Buieod sy} O 1UUED/UO0IO] 10 snioydsoydd ay) Ul SUOIIBLIBA O} BAIISUSS S| POYIBIN (2
‘Bufleod sy} JO suojielea Ajljiqeawsad 01 BAIISUBS St POLISIAL (1
‘ogaubeuws S| [1uBLIND Appe § J [0LIBWOIN0D SI D 1811edsyoeq e1aq S| g
Aa)
sAojje
- - 8 d g d g 34 - aWN g g o} <l <l - - pue suiz
g - 8 g 9 g g g g ALl 4 a 3| - g - — winjuelj
opsubew-uou
o4 E| €8 D o4 g d Elc) uWNiZOz8 | (NI o8 g o) J jo):| - g ‘sjpalg
no8a ] W8 |08 |INDE wea we nwa 0Nz (WO | W08 | N8 WO Ae] WNO9 - nwa onsubew ‘sjpayg
9 E| g — - - - EL| g uNg 0| g 2] g - — - IBAlS
od - €8l Dd jo): | g g - x99 wWNO8 | 24 g o4 o4 jolc] - 39 sjejaw-uonN
(dlenoy| sjdwiexs 10})
ng - W8 NG | WNE g wga g W20 wWND | W04 | N8 W W w8 - - sAojje uoui
-4eqod-|93dIN
J - €8 D9 o8 g g 39 - - o8 g o} og od - - 18%0IN
sAojje pue
g - 8 g g g 4 3 g N8 g g q <l a 3 - wnisauBepy
e8-ng pue sAojje pue
o} 3 €8 Dg o9 <| 3] 319 aWizd D od g sseiq uo J ol<] El - 1addog
Ajuo 9
sAojje pue
o4 E| €8 Dd o8 g g 3 zu3ed8 | (WOo4 | 08 g od od o9 El - wnuwnpy
s|jpweua onAje1es shAojje sajelisqng
uje|sossod Aojje 18A | wnip wnip | sjelsw onat o o 1oddo wniw | wniw sgpiIxo pue
PUZ | pue pesru | ("] -us | -ouy | -ened | -uon | OME I IN | Pea1 | PI09 O |-oyp | -ped |oipouy | wnjuw
SNOoaJlIA [BYAN -niy sbuneo)

(€861 Ut 82108Id JUBLIND UO paseq)
sassauy oIy} Bunneos Buunseaw Jo SpoYyIawW [RIUBWINIISUL JUBIBHIP JO Alljiqeoyddy — g ajqel


https://standardsiso.com/api/?name=ca9464ad60d0f73d6280290ea3c2a181

