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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national stan

dards

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. Interna
organizations, governmental and non-governmental, in liaison with ISO, also take part in the
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matt
electrotechnical standardization.

The proced

4. ISO shall not be held responsible for identifying any or all such patent rights. Det

on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngme used in this document is information given for the convéniéence of users and do
constitute ar} endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific term

tional
work.
ers of

e are
br the
ith the

Hrawn to the possibility that some of the elements of this document may.be the subject of

hils of

ights identified during the development of the document will be in the Introduction and/or

S not

s and

expressions [related to conformity assessment, as well as information about ISO's adherence fo the
World Trade|Organization (WTO) principles in the Technical Bafriers to Trade (TBT), see www.is¢.org/

iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 107, Metallic and other inorganic codtings,

in collaboratfion with the European Committee for.Standardization (CEN) Technical Committee

CEN/

TC 262, Metqllic and other inorganic coatings, incliding for corrosion protection and corrosion testing of
metals and dlloys, in accordance with the Agreement on technical cooperation between I1SO and CEN

(Vienna Agr¢ement).

This fourth ¢dition cancels and replaces'the third edition (ISO 1463:2003), which has been techilically

revised.
The main chinges compared with'the previous edition are as follows:

— digital itnage processing\fer light microscopes has been added;

— further hints and methods for the preparation of microsections have been added;
— one hazgrdous_ etching recipe has been removed from Annex C.

Any feedback 6r)questions on this document should be directed to the user’s national standards b

bdy. A

complete listing of these bodies can be found at WWw.150.0rg/members.ntml.
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INTERNATIONAL STANDARD ISO 1463:2021(E)

Metallic and oxide coatings — Measurement of coating
thickness — Microscopical method

WARNING — The use of this document can involve hazardous materials, operations and
equipment. This document does not purport to address all of the safety problems associated
with its use. It is the responsibility of users of this document to take appropriate measures to
ensure the safety and health of personnel prior to the application of the document.

1 Sicope
This document specifies a method for the measurement of the local thickness of metallic cqatings, oxide
layerg, and porcelain or vitreous enamel coatings, by the microscopical examination of cross-sections
using|an optical microscope.

2 Normative references

Therd are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms'and definitions apply.

ISO apd [EC maintain terminological databases for‘use in standardization at the following pddresses:

]

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

— IEC Electropedia: available at http:/fwww.electropedia.org/

3.1
local thickness
mean|of the thickness measutements, of which a specified number is made within a reference area

[SOURCE: ISO 2064:1996;3.4]

4 Principle

A portion of-the test specimen is cut out and mounted. The mounted cross-section is |prepared by
suitable teehniques of grinding, polishing and etching. The thickness of the coating crdss-section is
measpired by means of a calibrated scale.

NOTE These techniques will be familiar to experienced metallographers, but some guidance is given in
Clause 5 and in Annex A for less experienced operators.

5 Factors relating to measurement uncertainty

5.1 Surface roughness

If the coating or its substrate has a rough surface, one or both of the interfaces bounding the coating
cross-section could be too irregular to permit accurate measurement (see A.6).

© IS0 2021 - All rights reserved 1


https://www.iso.org/obp/ui
http://www.electropedia.org/
https://standardsiso.com/api/?name=6919d391180b1e608f15ad61c18debc6

ISO 1463:2021(E)

5.2 Taper

of cross-section

If the plane of the cross-section is not perpendicular to the plane of the coating, the measured thickness
will be greater than the true thickness, e.g. an inclination of 10° to the perpendicular will contribute a

1,5 % uncert

NOTE

ainty.

B.1 provides guidance on the taper of a cross-section.

5.3 Deformation of coating
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the coating cross-section is rounded, i.e. if the coating cross-section ismot complete
es, the true thickness cannot be observed microscopically. Edge rotinding can be c

during

ature,

ly flat
hused

mounting, grinding, polishing or etching. It is usually minimized-by overplating thle test

fore mounting (see A.2).

lating

bf the test specimen protects the coating edges durinig preparation of cross-section

s and

s erroneous measurement. Removal of coating material during surface preparati¢n for

an resultin a low thickness measurement.

18

ching produces a clearly defined and narrow dark line at the interface of two nj
hing produces a poorly defined orwide line that can result in erroneous measureme

ring

ljshing or overplating witha softer metal can cause smearing of one metal over the

ing the boundary between the coating and the substrate. This problem can be alley
the preparation ofthe cross-section of the coated metal until repeatability of the thic
t (see A.3 and AS)1is obtained and also by overplating with a harder metal.

fication

bn ceating thickness, measurement uncertainty generally increases with decre
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. The magnification should be chosen so that the field of view is between 1,5 x and 3
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coating thiclness.

5.9 Calibration of stage micrometer

Any uncertainty in calibration of the stage micrometer will be reflected in the measurement of the
specimen. A suitable, traceable length standard shall be used.

5.10 Calibration of the microscope’s length measuring device

5.10.1 Micrometer eyepiece

A filar micrometer eyepiece provides a satisfactory means of making the measurement of the specimen.
The measurement will be no more accurate than the calibration of the eyepiece. As calibration is
operator dependent, the eyepiece shall be calibrated by the person making the measurement.

2
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Repeated calibrations of the micrometer eyepiece can be reasonably expected to have a spread of less
than 1 %. The distance between the two lines of a stage micrometer used for the calibration shall be
known to within 0,2 pm or 0,1 %, whichever is the greater.

Some image splitting micrometer eyepieces have a nonlinearity that introduces an uncertainty of up to
1 % for short measurement distances.

Uncertainties can be introduced by backlash in the movement of the micrometer eyepiece. To avoid this
uncertainty, ensure that the final motion during alignment of the hairline is always made in the same
direction.

5.10.2—Bigitalimage precessing

Micrgscopes with a triocular tube, camera adapters with projecting lens and digital camerps connected
to a cpmputer with software for image capturing and processing are nowadays stateof the art. Similar
to 5.10.1, the measurement will be no more accurate than the adjustment and calibration |of the length
measpirement function (combination of hardware and software).

For adjustment, digital images from the stage micrometer (in both directions parallel to thg x- and y-axis
of thg image) are recorded for every combination of objective, if applicable intermediate magnification
changer, and resolution setting of the camera (full resolution and typical settings of pixel binning). The
length in object space represented by a pixel of the digital imagé.s calculated by measuring a known
distahce on the stage micrometer with the respective functiomofthe software and is ther] saved in the
softwlare. Usually after such an adjustment, the images are recorded “calibrated”, i.e. with the pm/pixel
factor assigned to the image, by selecting the objective,‘if applicable the intermediate magnification
changer, and the pixel setting of the camera in the software at the time of capturing the imjage.

The adjustment and/or calibration are usually stable for long time. Furthermore, they are|not operator
dependent as long as no changes are applied to-thHe tube, if applicable an intermediate magnification
changer, the camera adapter or the camera itsélf, and as long as the same resolution of the camera
(numbper of pixels in x and y direction) is used for adjustment and/or calibration and for njeasurement.
Normlally, it is sufficient to record in regular time intervals images from the stage midqrometer and
measfire known distances. When the deyiation between the measured length and the certified length is
less than a reasonably defined uncertainty limit for length measurements, which the labofatory wants
to achjieve, e.g. 1 %, the calibrationis still valid and no re-adjustment is necessary.

5.11 (Uniformity of magnification

Uncerftainties can occliryif the magnification is not uniform over the entire field of view. [Thus, ensure
that Hoth the calibration and the measurement are made over the same portion of the field| of view with
the mleasured baundaries centred about the optical axis.

5.12|Lens-quality

As lagkof sharpness of the image contributes to the uncertainty of the measurement, ensure that good
quality lenses are used.

NOTE Sometimes, image sharpness can be improved by using monochromatic light.

5.13 Orientation of measuring lines

Ensure that the movement of the hairline of the eyepiece for alignment or the measuring line of a digital
image processing software is perpendicular to the boundaries of the coating cross-section, e.g. 10°
misalignment will contribute a 1,5 % uncertainty.

5.14 Tube length

A change in tube length causes a change in magnification and, if this change occurs between the time
of calibration and the time of measurement, the measurement will be in uncertainty. Take care to avoid

© IS0 2021 - All rights reserved 3
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a change in tube length, which can occur when the eyepiece is repositioned within the tube, when the
focus of the eyepiece tube is changed, when the camera adapter is repositioned or changed and, for
some microscopes, when the fine focus is adjusted.

6 Prepar

ation of cross-sections

Prepare, mount, grind, polish and etch the specimen so that

the cross-section is perpendicular to the coating,
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ial deformed by cutting or cross-sectioning is removed, and

ndaries of the coating cross-section are sharply defined by no more thand contrd
hce or by a narrow, well-defined line.

rther guidance is given in Clause 5 and in Annex A. Some typical etchants-are/described in An

fement

propriate attention to the factors listed in Clause 5 andAnnex A.

te the microscope and its measuring device with.a¢ertified or calibrated stage micror

e the width of the image of the coating crosstSection on at least five points distributed

dance on the measurement of taper of-ctoss-section and of tooth-constructed coatings is gi

rement uncertainty

ope and associated cjequipment, its use, its calibration and the method of prepa
section shall be chosen so as to allow the coating thickness to be determined to
%, whichever is-the greater, of the actual coating thickness. The method is capa
solute measufement uncertainty of 0,8 um, and, for thicknesses greater than 25

asurementuncertainty of 5 % or better (see also B.3). However, with careful prepa

t uncertainty of 0,4 pm under reproducible conditions.

the surface is flat and the entire width of the coating image is simultaneously in focus at the

hsting

nex C.
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9 Testre

ort

The test report shall include the following information:

a)
b)

<)

areference to this document, i.e. ISO 1463:2021;
the identity of the test specimen;

the results of the test, indicating

1) thelocation on the coated item at which the cross-section was made,

2) the measured thickness, in micrometres (millimetres if greater than 1 mm) at each point

(see

7.3), and
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3) thelocal thickness, i.e. the arithmetic mean of the measured thicknesses;
d) any deviations from the procedure specified;
e) any unusual features (anomalies) observed during the test;

f) the date of test.

© IS0 2021 - All rights reserved 5
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Annex A
(informative)

Guidance on the preparation and measurement of cross-sections

A.1 General

The preparafion of test specimens and measurement of coating thickness are greatly dependgnt on
individual tdchniques and there is a variety of suitable techniques available. It is not reasonaple to
specify only pne set of techniques, and it is impractical to include all suitable techniques. The.techrliques
described in this annex are intended as guidance for metallographers not experienced ifrimeasurements
of coating th|ckness.

A.2 Mounting

A.2.1 General

To prevent
be supporte
approaches

unding of the edge of the coating cross-section, thefree surface of the coating should
so that there is no space between the coating and’its support. There are two major
achieve this: overplating the specimen or gap-fré& mounting.

A.2.2 Overplating
Usually the specimen is overplated with a coating of @metal of similar hardness, at least 10 pm thfick.

For hard, brjttle coatings (e.g. oxide or chromium coatings), tightly wrapping the specimen ih soft
aluminium fgil before mounting has proved sugcessful.

If the coating is soft, overplating with ametal that is softer will make polishing more difficult, because
the softer m¢tal tends to be polished-away more rapidly. However, in some cases, a soft coating dan be
overplated well with a metal that is harder, e.g. copper, silver or gold should be overplated with nickel.

Overplating pf zinc or cadmiuni-€oatings with copper can cause difficulty because of the tendency of
dissolved copper to deposit-0o1 the coatings during subsequent etching. It is better to overplatg zinc
with cadmium and vice vérsad.

Overplating ¢an alsobe/done with autocatalytic processes, e.g. nickel-phosphor can work well on gold.

If a (partially) nen{conductive or not-sufficiently conductive surface is to be overplated, e.g. photo|mask
on a coupon|of-a freshly pattern-plated printed circuit board or a layer of passivation and sealer on
zinc, one can try to sputter first a thin gold Iayer onto the surface of the specimen and then overplate
with nickel (skipping the usual pretreatment steps). Unfortunately, in this case, good adhesion of the
overplating cannot be guaranteed, but when successful the results can be good.

When (in the case of passivation layers, sealers, topcoats etc.) overplating is not possible or not wanted,
it is still advisable to sputter a gold layer onto the surface of the specimen before mounting. It can
help distinguish the non-metallic coating from the mounting resin, which both appear dark in the
microscope. It does not matter that the gold layer would be thinner than the resolution limit of the
microscope; one can see it nevertheless as a bright line of undefinable thickness.

A.2.3 Gap-free mounting

Proper cleaning of the specimen and mounting with (e.g. epoxy) resin systems, which adhere well to the
surface of the specimen, cure at room temperature and do not shrink upon cure, eventually combined

6 © IS0 2021 - All rights reserved
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with vacuum impregnation, can help achieve a gap-free encapsulation of the specimen with mounting
resin and, in combination with a suitable polishing sequence, a good edge-retention of the coating to be
inspected.

On fully metallic samples, which may be heated to typically 180 °C, phenolic mounting resins and the
use of a hot mounting press can also lead to good results. This technique is usually not applicable to
specimens with plastic as a base material or other temperature or pressure sensitive components.

In the case of unavoidable mounting gaps, one can try to fill them with mounting resin by vacuum
impregnation: one can interrupt the grinding process at the stage of the fine grinding, fill the gaps by

vacuum impregnation and then finish the cross-section.

A3

It is ¢
facilit

mounting, by periodically changing the direction of grinding (rotating through 90°) an

the gt
sides

Grind
watel
empl
defor
times
final

parti
esped
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betwyq
of ad
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In sor
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Care s
on th
hazar

After
beake
into 1
reten
to ded

Grinding and polishing

essential to keep the cross-section surface of the mount perpendicular to-the coz
ated by incorporating additional pieces of a similar metal near the outér edges

inding time and pressure to a minimum. If, before grinding, reference)marks are ins
of the mount, any inclination from the horizontal is easily measurable.

the mounted test specimens on suitable abrasive paper, using an acceptable lubri
or alcohol, and apply minimum pressure to avoid bevelling of the surface. Initial gri
y P100 grade or P180 grade abrasive to reveal the true‘test specimen profile and tq
med metal. Subsequently, use grades P240, P400, P800 and P1200 without exceed
of 30 s to 40 s on each paper. Alter the direction of scratches by 90° for each chang
bolish for 2 min to 3 min on a rotating wheel charged with either 9 pm or 6 um di
les and a suitable lubricant should suffice te\remove scratches before final exam
ially high degree of surface finish is requiréd, a further treatment, using diamond p
les, may be used. It can be advantageous*to insert a step using 3 pm diamond p3
ben 6 pm and 1 um. Between 9 um and*{fim, it is necessary. One should not use diam
ifferent size on one cloth, but use séparate cloths for each size. Depending on the 1}
men and the mounting resin variatjons of the above, a general recipe or different reciy

ne cases, it can be advantagebus to finally polish the cross-section with colloidal silig
cal resistant polishing cloth, e. g. made from polychloroprene (after the 1 um diar
hould be taken that the'silica does not dry and crystallize on the cloth otherwise sev
e cross-section can résult. This polishing step can even avoid the need for etching wit
dous chemicals, exgZwhen the base material is aluminium or an aluminium alloy.

the last grinding step and after polishing, it can be advantageous to place the cros;
r filled with-distilled or de-ionized water for 1 min to 3 min in an ultrasonic bath. M
hounting, gaps can be partially removed like this and it can help assess, in cases

1l with them) or whether the unexpected observations are true features of the specin

ting. This is
f the plastic
1 by keeping
Cribed on the

rant, such as
nding should
remove any
ing grinding
e of paper. A
hmond paste
nation. If an
aste of 1 um
ste particles
bnd particles
hature of the
es can apply.

a on a highly
hond polish).
bre scratches
h sometimes

-section in a
ctal smeared
pf poor edge

Fion, whether the cross-section is affected by mounting gaps (see A.2.3 for recommendations how

nen.

If ver

y solt materials are being prepared, abrasive particles can become embedded dur

ng grinding.

This can be minimized by totally immersing abrasive papers in a lubricant during grinding or by using a
copious flow of lubricant. If abrasive particles do become embedded, they may be removed by applying
a short, light hand polish with metal polish after grinding and before diamond finishing or by one or
more cycles of alternate etching and polishing.

A.4 Etching

Etching is usually advisable in order to promote contrast between the metal layers to remove traces of
smeared metal and to develop a fine line at the boundary of the coating. Some typical etchants are given
in Annex C.
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A.5 Alternative to the classical metallographic method described in A.2 to A.4

Ion beam milling (or ion beam cutter) devices working with a broad argon-ion beam can be used to
directly produce cross-sections or to enhance mechanically prepared samples. It is possible to prepare
cross-sections of hard, soft, porous and heterogeneous materials without the smearing of soft materials
or disruptions of brittle materials.

A.6 Measurement

The measuring device may be a digital image processing software, a filar micrometer or a micrometer

eyepiece. Th
image splitti
the image pr
of the image

When obsery
and once af
processing,

When maki
— the stagg
each me

For critical a

of coating thickness, from grinding with P1200 grade'@r coarser abrasive up to and includin
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is the greate

Some micros|

due to non-uniform thermal effects from\the light source. Such a movement during the measur¢

can cause an
completing t
once from ri
during imagg

both sh]i

bjected on a ground glass plate is usually less satisfactory because of the lack ofshar
and poor legibility of the ruler when the projected image is visible.

ring through the eyepiece, the measuring device should be calibrated atileast once
er a measurement, unless repeated experience indicates otherwise. For digital
veekly, monthly or quarterly calibration intervals can usually be proven to be sufficig

calibration and coating measurements

ld be made by the same operator (less critical for digital image processing),
e micrometer and the coating should be centred in the field, and

hsurement at a point should be made at least twice@nd averaged.

nd referee measurements, all steps for the preparation of cross-sections and measury

n of coating thickness, should be perfermed at least twice. With good technique
nd smooth coating and substrate surfaees, repeatability within 2 % or 0,5 um, whid
-, is reasonable.

copes are subject to a spontaneous movement of the stage relative to the objective, po

erroneous measurement\at moderate and high magnifications. This can be minimiZ
he measurement quickly-and by measuring each interval twice, once from left to ri

capture, the image-would be distorted, discarded and one would anyway take it ag

ght and
bht to left. Digital image processing is usually not affected by this effect. If the stage a:F'noves
i

e, an

hg eyepiece is advantageous for thin coatings on rough substrate surfaces. Measureﬁent of
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g the
s and
hever

ssibly
bment
ed by

in.

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=6919d391180b1e608f15ad61c18debc6

ISO 1463:2021(E)
Annex B
(informative)

Taper of cross-section and measurement of tooth-constructed
coatings

B.1 |Taper of cross-section

If thefsample position deviates from the perpendicular (see Figure B.1), higher measuring yalues will be
obtained (see 5.2).

The cpating thickness d can be calculated using Formula (B.1):
dEd cosa (B.1)

whereg

d| isthe coating thickness when a = 0;

al isthe deviation of the cross-section from the peppendicular of the coating surface| in degrees;

d| isthe measured coating thickness when a #0.

Key
1 coating surface
2 section

a Direction of observation.

Figure B.1 — Deviation of the cross-section by the angle «
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B.2 Measurement of tooth-constructed coatings

B.2.1 Principle

This method can be used for determining the coating thickness for coatings bounded by a tooth
construction, e.g. thermochemically produced boride-nitride coatings.

The coating thickness is magnified 200 x and measured by a screen line distance of 2 mm between the
boundary line of the coating over a suitable total length of, for example, 100 mm (see Figure B.2).

2 L 6

d,

d,
d
ds

de
|

N

S de
K
)
[
4
]
wn

Key
C coating
S substrate

Figure [B.2 — Diagrammatic representation of the thickness determination of coating§
with tooth construction

B.2.2 Evalpation
The arithmelical average izalue for coatings with tooth construction is calculated from single vplues.

The standarfl deviation¢provides an indication of the irregularities of the boundary surface (ife. the
degree of toqth construction).

B.3 Empirical values for the standard deviation of measurements obtained by
light microscopy

Under repeatability conditions, the standard deviation, o, is 0,3 pm. Under reproducibility conditions,
the standard deviation is 0,8 pm.

Based on the stated standard deviations, Table B.1 indicates the confidence interval, g, of the local
coating thickness. The values in the table apply to a statistical certainty of 95 % calculated with

Formula (B.2) (simplified notation):

1,96
Jn
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