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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.
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Metallic coatings — Review of methods of measurement of
ductility

1 Scope

This document specifies general methods for measuring the ductility of metallic coatings of thickness

below—200 uwm nrepared by electroplating autocatalvtic deposition or other nrocesses
sl el o4 ) sy o4 i )

It is applicable to the following methods:
— tésts on unsupported foils (separated from the substrate);
— tests of coatings on substrates.

It do¢s not apply to International Standards that include specific methods of testing for individual
coati;tlgs. In these cases, the methods specified are used in preferencé:to the methods des¢ribed in this
documnent and are agreed upon beforehand by the supplier and the purchaser.

2 Normative references

Therq are no normative references in this document.

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

[SO and IEC maintain terminological databases for use in standardization at the following pddresses:

]

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

]

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

31
ductility
ability of a metallic oryother coating to undergo plastic or elastic deformation, or both, without fracture
or crdcking

3.2
lineaf elongation
ratio pfthe elongation, Al, to a definite initial length, Iy, of the test piece

Note 1 to entry: This is taken as a measure of ductility.
Note 2 to entry: Often, this ratio is expressed as a percentage.

Note 3 to entry: Normally, the test pieces are elongated [see Figure 1 a)]. With some bending tests, the outer layer
of the test piece, i.e. the plating, is elongated. In bulge tests, however, the surface of the foil is enlarged, requiring
calculation of linear elongation from the reduction in the thickness. Using the component of deformation
(stretching) in only one axis would give false information about the ductility of the material [see Figure 1 b)]. In
those cases, the thinning of the foil, as calculated from the increase in the surface area, is a better measure of the
ductility of the material (see Annex B).

© IS0 2017 - All rights reserved 1
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a) Tensile-test b) Cupping test
Figure 1 — Tensile and cupping tests
4 Principle

4.1 Inthe testing of unsupported foils separated from the substrate (see Figure 2), the foils may consist
of one or more metallic layers. Therefore, it is possible to measure the ductility of composites and to
determine the influence of individual layers on overall ductility. Methods of testing of unsupported foils
are described in Clause 5. Methods of producing foils for testing are discussed in Annex A.

4.2 In the testing of coatings on substrates (see Figure 3), it is especially important to determine the
exact point of crack initiation of the top layer. Attention is drawn to different methods of discerning this
point, by normal or corrected-to-normal vision or with a lens. See the guidance in the individual methods.

2 © IS0 2017 - All rights reserved
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These methods can also be used to detect embrittlement of the substrate that may have resulted from the
coating process. Methods of testing of coatings on substrates are described in Clause 6.

\ 1

/2

Key
1  metal foil

2 substrate

Figure 2 — Foil, which can be separated from the substrate

zs

1

Key
1 coating
2 stybstrate

Figure 3 — Coating’'on the substrate

4.3 |Although ductility is a property of the material and independent of the dimensions of the test piece,
thickmess of the coating may have an influencé on the value of linear elongation (Al/Ip).

4.3.1| Very thin layers have different-properties as the build-up of the initial layers will e influenced
by th¢ properties of the substrate (epitaxy). High internal stresses may be incorporated inpto the initial
layerg and these may affect ductility.

4.3.2| Itisessential thatthe'test piece has uniform thickness, as thinner spots will give rise fo premature
cracking. Also, the cuprént density is lower at thinner parts and higher at thicker parts of plectroplated
test pjeces; in this way,current density differences may result in different ductilities. The cufrrent density
appli¢d should be‘maintained as uniform as possible over the test piece, and its value reported.

5 Tlests'on unsupported foils

5.1 TGeneral

These techniques involve measurement of a foil which has been separated from the substrate (see
Figure 2). In this case, the foil to be tested can also consist of several layers so as to allow measurement
of the influence of undercoats on the ductility of the foil sandwich. Examples are gold flash on
gold/copper alloys and chromium-plated nickel deposits. Methods of producing unsupported foils are
given in Annex A.

Five methods are described: tensile testing (5.2), bending (micrometer bend test) (5.3), folding (vice-
bend test) (5.4), hydraulic bulging (5.5) and mechanical bulging (5.6).

© IS0 2017 - All rights reserved 3
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5.2 Tensile testing

5.2.1 Principle

Determination of the linear elongation of a foil, which is clamped into the jaws of a tensile testing
machine. In this type of stressing, the foil is lengthened, but both the width and the thickness of the foil
diminish.

5.2.2 Apparatus

This method may utilize conventional mechanical testing equipment, available commercially and
in many mefallurgical laboratoriesll]l. For some applications, tensile testing equipment adaptied to
microscopic [nspection during the test may be used.

5.2.3 Preparation of test pieces

Test pieces [may be machined, chipped, punched or cut from the metallic foiD or prepar¢d by
photoprinting with the help of light-sensitive lacquers or light-sensitive foils which are pressed onto
a suitable sﬂ%strate. After developing the pattern of the test piece, it is plated“into the final form. A
similar methjod uses chemical or electrochemical milling of the desired shape from a foil on whig¢h has
been applied a suitable resist by silk screen printing or by applying a pligtosensitive resist. Theqe last
methods arg widely used in the printed circuit industry. The test pieces are usually rectangullar in
shape (see Tdble 1 for recommended dimensions), but can be widened at both ends to avoid breakfing in
the clamping jaws (see Figure 4).

Table 1 — Possible dimensions of ténsile test pieces(1]

Gauge length  (mm) 200 50 25
Width (mm) 40 12,5 6,25

Some methods of preparing the test pieces may cause microcracking at the edges that results in
premature fdilure and erratic results. Tést.piece preparation involving photoprinting or electrofoyming
is preferred fo avoid edge defects.

Test pieces plated into the final form may have thicker edges unless shielding and other techniqugs are
used to ensufe uniform currentdistribution (see Figure 5).

Make equidiptant marksconvthe surface of the test piece as illustrated in Figure 4 a). Determine the
distance between the marks before testing.

4 © IS0 2017 - All rights reserved
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Figure 4 ~—Tensile testing specimen before and after testing
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Figure 5 — Plated test pieces with thicker edges
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5.2.4 Proc

edure

Clamp the test piece between the jaws of the tensile test equipment and apply strain using a selected
cross-head speed. Determine the distance between the marks on the test pieces after testing [see

Figure 4 b)].

5.2.5 Expression of results

5.2.5.1 Calculation

The ductility, D, expressed as a percentage, is given by Formula (1):

I, +|l, =1
p=211%2 0100
IO
where
I is the distance between the marks before testing;
0
I + . [isthedistance between the marks after testing.
1 2
5.2.5.2 Cogfficient of variation
Mechanically prepared test pieces can have coefficients of vafiation, s / D (where s is the sta

deviation an

By plating in
produced wh

5.2.6 Note

5.2.6.1 Ne
length and th

5.2.6.2 Motrl

prestressed

i D the mean ductility), as high as 20 %.

to the final form using shields to ensurewniform current distribution, test pieces g
ich have lower coefficients of variation.

s on procedure

rking of the test piece [see-Figure 4 b)] may require measurement of very small chan
e use of a microscope thathas a Vernier scale.

nting fragile thin test pieces into the jaws of a tensile testing machine may give 1
est pieces which thereby diminish the real value of elongation.

€y

hdard

an be

ges in
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5.2.6.3 Care shall be taken to avoid twisting of the test piece (see Figure 6).

T

="

Key
1 njicrocracks

Figure 6 — Twisted testpiece

5.2.6[4 When these sources of error (5.2.6.1 t0)\5.2.6.3) cannot be eliminated, other] methods of
measyring ductility should be used.

5.3 (Bending (micrometer bend test)

5.3.1| General

This method is suitable only fer~the evaluation of metallic foils having low ductility[2]. The values
obtained have no simple relation’to values obtained by other methods. This method is useful for brittle
metals such as bright nickel:

5.3.2| Apparatus
5.3.2{1 Micremeter.

5.3.3| Preparation of test pieces

Cut stripsof 8,5t =75t fronr thefoitumder test—Thefoits are osuatty 25 pmrto 40 pm thick.
The difficulties described in 5.2.3 and 5.2.6 apply likewise to this test. Measure the thickness of the
test piece at the point of bending, using an instrument or method which enables the thickness to be
determined with maximum 5 % uncertainty.

5.3.4 Procedure

Bend the test piece into a U-shape and place it between the jaws of the micrometer (5.3.2.1) so that as the
jaws are closed, the bend remains between the jaws. Close the micrometer jaws slowly until the foil cracks.

Record the micrometer reading and the thickness of the foil (see Figure 7).

Carry out the test at least in duplicate.

© IS0 2017 - All rights reserved 7
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Key
1 testpiece

2  micrometer

5.3.5 Expi1

5.3.5.1 Ca
Calculate the

The ductility

p-_29

“ords

where

1) ist

ession of results

culation

L %100

T

Figure 7 — Micrometeribend test

average of the micrometerreadings (see 5.3.4).

D, expressed as a percentage, is given by Formula (2) (see Figure 8):

he thickness of the test pieces;

(2)

2r ist

ne average ol the micrometer readings.
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A
l5 r+15
2 2
AI_ o)

I 2r+oé

if6 K 2r
a8
I 2r

Figure 8 — Bending of a test piece

5.3.5]2 Precision

As thp value of D’rises more rapidly than 6, it is essential that the value of § be measurpd with high
precifion. If aXfoil of 20 pm is read as 25 pm, the following difference, supposing 2r 50,5cm, will

be foyund:

20 4{\_4
D, = —— "= x100=0,4%

0,5-20x10~*

-4
p,=—22X10" 100=05%

2 -4
0,5-25x10
i.e. a difference of 0,5% —-0,4% =0,1%.
A thickness of 25 pum will give results that are 25 % higher than for a 20 pm thickness.

It is obvious that this method will give reproducible results only when § is measured to within 1 pm
and 2r to within 0,01 cm.

© IS0 2017 - All rights reserved 9
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5.4 Folding (vice-bend test)

5.4.1 General
Although this test is simple and may have some utility, the nature of the test, the cold working that

occurs as a result of bending, and other factors may lead to incorrect measures of ductility. The
thickness of the test piece affects the results, but the influence of thickness cannot be calculated.

5.4.2 Apparatus

5 4_ 2 1 Mc\ hinist’s vice cauinnedwith tvwao cmall machinad iavwctahald the tact niace (coo Fion re 9)
i VN =S-ee-eqtHppeawWitntwWwo-SHiar e eiHe a1 awWsS+e-1ora—+tRe-testplece—+ p e 22 .

Key

1 bending lpver
2 jaws

3 vice

Figure 9 — Vice-bend test apparatus

5.4.3 Preparationof test pieces

Cut rectangular strips, 1 cm wide by 5 cm long, from the metal foil.

5.4.4 Procedure

Grip the test piece between the jaws of the vice. Bend the test piece sharply through 90°, then bend it
successively in opposite directions through 180° until fracture occurs.

5.4.5 Results

The number of bends is taken as a measure of ductility.

10 © IS0 2017 - All rights reserved
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5.5.1 General
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Hydraulic bulge-testing can be used to measure the ductility of thin sheet materials accurately. No
machining of the test piece is required, there are no problems of achieving axial alignment as in tensile
testing, and the test is especially useful for measuring the ductility of ductile materials[31[4][5].

5.5.2 Principle

Clamping of a test piece between a bottom cylinder and an upper platen. The upper platen has a circular

opening of the same diameter as the cylinder. Increasing the water pressure slowly and steadily to
deform the test piece into a bulge or dome until the foil bursts. See Figure 10.

Key
1 tgstpiece
2 water

5.5.3| Apparatus

For an example, see Figure 19/ versions with mechanical sensor to measure the bulge he

possible.

$30

Figure 10 — Principle of hydraulic bulging

Dimehsion
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Dimension in millimetres

$30
Key
1 testpiece 6  nylon
2 water 7  glass gauge
3 pressure-sensitive module 8  digital 1 mV 20,01 cm3
4 motor 9  measuring’'the heights of the meniscus with a light-sensor
5 potentiometer

Figure11 — Apparatus for hydraulic bulging

5.5.4 Prodedure

With the eqyipment shown schematically in Figure 11, fill the bottom cylinder with water to the rim.
Place the tes|t piecesen’the surface of the water. Use the upper platen, in the shape of a hollow cdne, to
clamp the tegt piece firmly in position.

Flll the hol] \AY LUnC VVith VVCltCl frum thC rCDCrVUir that 10 prUVidCd. Thc CACCDD VVCltCl \A% 11} riDC n the
glass gauge. When the level of the water is above the light-sensing device, close the valve that controls
the flow of water from the reservoir. Turn the motor on and slowly raise the light-sensing device. When
the device is aligned with the meniscus, the beam of light within the device will be deflected; the drop
in voltage that occurs as a result of this shuts off the motor.

The pressure under the test piece is increased by means of the plunger. When the meniscus in the glass
gauge begins to rise, the motor will automatically begin to operate and the light-sensing device will
track the rise in the level of water. By means of the potentiometer, record the increase in volume on an
x-y recorder.

A pressure sensor in the cylinder simultaneously records the pressure beneath the test piece. In a
commercial version of the equipment, a pressure-sensitive switch is used to shut the motor off at the
moment of bursting so that the total volume of displaced water can be read directly from the digital
display on the potentiometer.

12 © IS0 2017 - All rights reserved
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Expression of results

1 Calculation

The ductility of the metal specimen may be calculated from the volume of the displaced water, which
equals the volume inside the dome. The ductility, expressed as a percentage, is given by the formulae
derived and discussed in Annex C. The tensile strength of the metal foil may also be determined from
the value of the pressure at bursting (see Annex C).

5.5.5.

2 Coefficient of variation

Becal
arep
arrivg

5.5.6

Pinhg

se only the centre of the foil (@ 5 cm) Is tested, the current density and the thickness
robably more constant than in the case of tensile tests. Values of s / D = 0,05, i.ex5
bd at.

Notes on procedure

les in the test piece are one possible source of error. Pinholes cancbe-detected prior

“candlling”. A 100 W light bulb in a box with a hole slightly smaller in<diameter than the o

top pl

Whern
will s

ate or cone is satisfactory.

pinholes are present, it is possible to underlay the test/piece with a very thin plas
fop the water from passing through the pinholes.

n this region
06, are easily

to testing by
bening in the

Fic foil which

By vijual observation, it is possible to note the moment ef cracking.
Stoppling the motor of the light-sensing device at this nioment will give fair indication of the ductility of
the porous foil.
5.6 [Mechanical bulging
5.6.1| General
Mechpnical bulge tests are simjlar:to hydraulic bulge tests. The dome, however, is formed mechanically
as indicated schematically infFigure 12.
Dimensions|in millimetres
gl +——— S
: Bl
—ﬁ‘—
Key
1 foil

2  mandrel

Figure 12 — Principle of mechanical bulging
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5.6.2 Apparatus

Equipment for measuring the ductility of thin metal foils is not readily available, but can be easily
assembled.

Two types of apparatus are used. The simplest one consists of a micrometer, a spindle extension with a
steel ball and a pair of circular plates each with a round opening at the centre (see Figure 13)[6][7].

Dimensions in millimetres

\Y
~
8

Key

1 testpiece 5 epoxy insulation
2 O-ring 6 micrometer

3 steel ball 7 groove

4  spindle extension

Figure 13 — Apparatus for mechanical bulging

5.6.3 Procedure

Place a foil test piece between the circular plates. Clamp the upper and lower plates together firmly by
means of two screws. Then slowly push the test piece upward by turning the micrometer. Read from
the micrometer the distance travelled by the steel ball from the initial contact with the metal film to
the point of crack initiation.

The initial contact point between the steel ball and the test piece is detected electrically. A battery-
operated lamp is fitted into the upper brass plate in such a way that the lamp lights at the instant the
steel ball touches the test piece. The lamp stays lit throughout the test.

14 © IS0 2017 - All rights reserved
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The visual detection of the initiation of rupture is accomplished with the aid of a magnifier (15x)
attached to the upper plate (but not shown in Figure 13).

5.6.4 Expression of results

It is possible to calculate the ductility from the height of the cone by calculating the loss of thickness of

the foil (see Annex D).

5.6.5 Special cases

It may be preferable to use a slightly altered procedure. In the apparatus shown schematically in

FigurEs 14,15 and 16, the steel ball remains stationary, but the two plates and the samp]e are moved
down

ard with a motor until the test piece cracks.
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-

Key

1 metal microscope 4  gearing

2 threaded spindle 5  motor

3 potentiometer 6  isolating foil

Figure 14 — Alternative apparatus for mechanical bulging
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Dimensions in millimetres
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Figure 15 — Detail from Figure 14

Dimensions in millijnetres

®28

Figure 16 — Top view of Figure 15
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The instrument is placed under a microscope which enables use of 70x magnification when looking for
the first cracks. At the start of the test, the motor stops when electrical contact between the steel ball
and the test piece is made. At the moment of cracking, the motor is stopped by hand. The height of the
cone is measured by the displacement of a linear potentiometer with a resolution of 5 um.

With the motor-driven apparatus, it is easier to obtain good results because

a)

the micrometer screw,

b)
o)

f appearance of the first cracks with more reliability,

there is no twisting moment of the steel ball against the foil, which will be the case when turning

a microscope, preferably with interference lighting of the Nomarski-type, will indicate the moment

e

c)

d) b
C
N

6

6.1

Theseé
be tal
detec
the d¢

Unles
Anne
subst
resist
meas

Using
probl

Seven
cyling
mech

ectrical measurement of the height of the cone is more precise than a micrometer, af

etter lighting and the fact that the distance between the microscope and the summit
pbnstant give more reproducible data than in the case of the micrometer(instrumer

/ D =0,05,i.e.5 %, is easily arrived at.

ests on coatings on substrates

General

techniques involve testing a foil on a substrate (see Figure 3). In this case, the utmo
ten to find the exact point at which the top layer cracks. Attention is drawn to differer]
ting this point, by normal or corrected-to-normal vision, or with a lens. See the guid
escriptions of the individual methods.

s, therefore, very brittle electrodeposits are being assessed, the substrate has to be
hled copper or brass, or a suitable plasti¢s material such as ABS, are preferred subq
Fate is electroplated ABS, the moment-of cracking can be found exactly by recording
ance of the test layer during the test(see Figure 17). In certain cases, the purpose of
ire the embrittlement of the substrate by the electroplating process.

these methods will avoidymany of the drawbacks caused by handling very thin
bm of ascertaining the oment of cracking of the top layer arises.

methods are descfibed: tensile testing (6.2), three-point bending (6.3), four-point h
Irical mandrel bending (6.5), spiral mandrel bending (6.6), conical mandrel bendj
hnical bulging(6.8).

d

of the cone is
1t. A value of

bt care has to
t methods of
hnce given in

very ductile.
trates. If the
the electrical
the testis to
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ending (6.4),
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A mV
1 m 10\ dc
2/~ r
3 \V4 []10009
4
10 mA
Key
1 electrolegs Cu 3 cracks
2 ABS 4 testlayer

Figure 17 — Tensile test with electrical crack detection

6.2 Tensile testing

6.2.1 Apparatus
See 5.2.2.

6.2.2 Preparation of test pieces

The Coatln dlare denasited adheorently an 10 cuhctrate that chall ho maro ductiloethan tho caqtin
gslarede posited-adherent] v on-a-substrate that shall be more ductile than the coatin

Test pieces shall be machined and the sides can be polished, thus preventing edge-cracking. Necking is
considerably reduced and it is easy to mount the test piece into the jaws of the tensile machine avoiding
misalignment.

6.2.3 Procedure
See 5.2.4.

It is difficult to determine the exact moment of crack initiation, although in relatively brittle, high-
gloss electrodeposits like nickel, it can be ascertained by visual observation[8l[2]. In the case of
electrodeposited coatings on plastics, the moment of cracking can be found exactly by recording the
electrical resistivity of the metallic coatings during testing (see Figure 17).
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6.3 Three-point bending[10]

6.3.1 Principle

Application of a force transversely to the test piece in the portion that is being bent, usually at the centre
of the test piece.

6.3.2 Apparatus

Bending forces may be applied by one of the three arrangements illustrated in Figure 18. Various devices
to hold the test piece are used for each of the loading arrangements. The devices may be mounted on a
univefrsal testing machine, or a special bending apparatus may be used.

1 <

[ | ©
I
TF

a) One end held, force applied neardfree end

SN <) S

/2

c) Ends supported
Key
1 njandrel

Figure 18 — Schematic fixture for semi-guided bend test

6.3.3 Procedure

Inspect the surface periodically to determine the exact moment when the coating cracks. This is
difficult to do unless a method of continuously observing the test piece during bending is incorporated
in the test device.

A major source of error is the tendency of the specimen to kink or hinge in the test as illustrated in
Figure 19.
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Key
1 kink

17(E)

Figure 19 — Kinking of test piece

6.3.4 Expre

ssion of results

If kinking does not occur and the onset of cracking is accurately detected, the ductility, D, expressed as

a percentagel is given by Formula (3):

D= 4—55 x 100
12
where
6 is the total thickness;

s isthe vertical displacement;

[ isth

gauge length.

See Figures § and 20.

(3)

r-s
rd=(r-s)?+=1 A__d _ J
I 2r+é6 1 |2
——+0
4 s
2 1.0 Al 46 . .
2rs =35 F—1 — = ——x 100{%)
I 1?2 + 465
s<1 If 48s < I?
2
8s I

20

Figure 20 — Calculation of ductility (see also Figures 8 and 18)

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=1ccaac07f46610c34afb7bb1d96e5c40

ISO 8401:2017(E)

6.4 Four-point bending[11]

6.4.1 General

This is similar to three-point bend testing (6.3) except that the test piece is subjected to two loads,
symmetrical over the centre portion as illustrated in Figure 21. The main advantage is that kinking of
the test piece is avoided.

S

——

. M v~
J o 7 L / [+, \\

r-(f+s)

1 12 4 (r=f)? =r?

2) (I + 1)) +[r = (fE8)1? = r2

Ifs<r

3) Al 6

4) AL S
A O 100(%)

Figure 21 — Calculation of ductility (see also Figure 8)

6.4.2 Expression of results
The ductility, D, expressed as a percentage, is given by Formula (4):
os

D=—
12 + 21,1,

x 100 (4)
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where
1) is the total thickness;
s is the vertical displacement;
I, is one-half the distance between the two loads;
I, +1, is one-half the distance between the two supports.

See Figure 21

6.5 Cylindrical mandrel bending

6.5.1 Prinkiple

Bending of the electroplated or coated test piece in the form of a narrow strip over mandrels of
decreasing diameterl6l[Z]. Determination of ductility, expressed as a percentage, from the snjallest
diameter majndrel that does not cause the coating to fracturel12].

6.5.2 Apparatus

Clamps and 3 series of mandrels having diameters of 5 mm to 50qum’in 3 mm steps (see Figure 22).

| |
||
L]
I I
||
[
[
Tu_l
Figure 22 — Apparatus for cylindrical mandrel bending
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Preparation of test pieces

The substrate thickness and temper shall permit bending around the smallest diameter mandrel
without evidence of cracking; for example, low-carbon steel or ductile copper, 1,0 mm to 2,5 mm thick,
may be used. The substrate is electroplated or otherwise coated and used to prepare test pieces that
are 10 mm wide and at least 150 mm long.

6.5.4

Procedure

Bend the test pieces around mandrels of decreasing diameter. Record the smallest diameter mandrel
which does not cause the coating to fracture.

6.5.5

The ductility, D, expressed as a percentage, is given by Formula (5):

D

wher

)

d

6.5.6
With

bent ¢ver different cylinders (cracks will be enlarged in the same way as pores would be ¢

electy

6.6

6.6.1

Bend
Deter

Expression of results

= J x 100

d+6

is the total thickness;

is the diameter of the smallest mandrel that doesnotcause cracking of the coating

Notes on procedure

this method, it is possible to detect cracks/by performing a porosity test on strif

olytical porosity test with a jelly woulddevelop any microcracks into distinct lines.
Spiral mandrel bending

Principle

ng an electroplated™or coated strip over a mandrel (6.6.2.1) with a decred
mination of the value at which cracking of the coating is observed[13][14],

(5)

b

s, which are
nlarged). An

sing radius.
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6.6.2 Apparatus

6.6.2.1 Mandrel (see Figure 23).

Key
1 cracks

6.6.3 Prodedure

The moment|of cracking can be determined by electrical means (see Figure 17) if the substrate is
conductive plastic material.

6.6.4 Expression of results

The angle of

values. Otherwise, the calculatien of ductility, expressed as a percentage, is as in 6.5.5.

24

20 mA -
+ 01 mV

18

Figure 23 — Apparatus for spiralmandrel bending

he bending lever (see-Figure 24) can be used as a measure of ductility to determine re¢

i non-

lative

A

Figure 24 — Angle of bending lever to express ductility
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6.7 Conical mandrel bending

6.7.1 Principle

Bending a square, electroplated or coated specimen over a cone-shaped mandrel (6.7.2.1, see Figure 25).

1 2

Key
1 tgstpiece
2 cfacks

Figure 25 —Principle of conical mandrel bending

6.7.2| Apparatus
6.7.2]1 Cone-shaped mandrel.

6.7.3| Procedure

Deterpmine the‘position where cracking is initiated by examining the surface of the specimen with
a magnifier (10x). Also, the device can be placed under a technical microscope, where a higher
magnlification can be used.

6.7.4 Expression of results

The ductility, expressed as a percentage, is calculated from the radius of curvature of the cone at the
point of cracking, using Formula (5).

Because only a plate less than about 0,5 mm thick can be bent satisfactorily, this method is not suitable
for determining the ductility of a coating with an elongation greater than 11 %.

Al _ 0,5 r=2mm D=11%
7525 %M 5-05mm d=4mm
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6.7.5 Special cases

A variation of this test involves winding electroplated or coated copper wire around a cone (see
Figure 26).

Key
1 electropldted copper wire 3 cracks
2 100x micfoscope

Figure 26 — Special case of.conical mandrel bending

6.8 Mechanical bulging

6.8.1 Appqratus
See 5.6.2.

6.8.2 Preparation of test pieces

Using very dyictile coppeér plates 0,1 mm thick as the substrate gives satisfactory results.

6.8.3 Prodedure

See 5.6.3.

Ensure that the diameter of the hole is such that the field of view of the microscope (at 100x) includes
the area where cracks are expected. An 8 mm diameter hole and a 4 mm diameter ball give reproducible
results.

6.8.4 Expression of results

6.8.4.1 Calculation

See Annex D.
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6.8.4.2 Precision

The precision of the method depends on the freedom from scratches of the substrate as these scratches
initiate cracks at a lower height of bulge as would be consistent with the ductility of the coating.

7 Selection of test method

7.1 Itisnot possible to recommend one method of measuring the ductility of coatings that is applicable
to all materials and applications. The guidelines given in Table 2 may be helpful.

The r sulte ahtainod with diffaroant mothaods aro coldam camnarahla
2SH BaHHreeWH e el e R e eaSat +c+ compaane-

Table 2 — Comparison between the respective test methods

Suitability for different coatings
Testmethods Ductile | Brittle | PTePION pccyracyf | Sampling
Tensile (5.2) 4 1 5 4 4
Unsypport- Bending (5.3) 1 2 4 2 3
ed Folding (5.4) 1 2 3 1 3
foils | gydraulic bulge (5.5) 5 3 5 5 5
Mechanical bulge (5.6) 3 3 4 4 5
Tensile (6.2) 2 5 4 3 4
Three-point bending (6.3) 2 3 3 2 3
Four-point bending (6.4) 3 3 3 3 3
Cs(l)l?)ts'?rg:t;): Cylindrical mandrel bending (6.5) 2 4 3 2 3
Spiral mandrel bending (6.6) 1 4 2 3 3
Conical mandrel bending (6:2) 1 3 2 2 3
Mechanical bulge (6.8) 2 3 2 2 4
Key
1 cceptable only if no alternative method available
2 qcceptable if justified by other factors
3 gatisfactory for most\purposes
4  Yery satisfactory, if not ideal
5 est possible
a SaI-pling effort is to be understood as the time devoted to preparing the test piece to be tested.

7.2 |CGoatings less than 10 pm thick should be tested on a suitable substrate. For brittle |deposits, the
tensiletestingmethodis preferred-but the bending tests {t5and-6-6)shoutd-besatisfactory. For ductile

deposits, the bending test (6.4) is preferred.

7.3 Coatings thicker than 10 pm can be tested in the form of foils. Ductile foils can be tested by hydraulic
bulging (5.5) or tensile testing (5.2). Brittle foils can be tested by the micrometer bend test (5.3) or by
mechanical bulging (5.6).

7.4 Brittle and/or highly stressed coatings even when thicker than 10 um may have to be tested when
applied to a suitable, ductile substrate, in which case tensile testing (6.2) is preferred, although the
cylindrical mandrel bending (6.5) or spiral mandrel bending (6.6) tests can be used.
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8 Testreport

The test report shall include the following information:

a) areference to the method used;
b) the results and the method of expression used;

c) details of the preparation of the test piece.

28
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Annex A
(informative)

Methods of producing foils

A.1 General

Metal foils can be prepared by using a substrate from which the electrodeposit can be readilly separated.
Severpl methods can be used (see A.2 and A.3).

A.2 |Plating onto a soluble substrate

The substrate is dissolved after applying to it the coating to be tested. This is a method yhich can be
used [f the foil to be tested will not be affected by the dissolving selution. Even if the gttack is only
visible by a diminution in gloss, it would be possible that an embrittlement of the surface wpuld enhance
the b¢ginning of cracking throughout the whole layer. For gold layé€rs on copper substratef, dissolution
of the copper with nitric acid solution is often used.

In thg case of plated plastic, it is possible to dissolve the plastic material into an organic solvent without
affectling the quality of the test foil.

A.3 |Plating onto a non-adherent substrate

A.3.1 General

Plating is carried out on a metal substrate to which the plating will not adhere; the foil i then peeled
from fhe substrate.

A.3.2 Plating on stainless steel

Care shall be taken in thjs'case that the surface of the stainless steel is free from scratches|as these will
be copied in the plated foil and will start the propagation of premature cracks. The stainlgss steel may
requife anodic cleaping’for 15 s in a hot alkaline cleaner.

A.3.3 Plating en copper or bronze sheets

A.3.3|1 An'the case of copper or bronze sheets, it is easy to polish the surface before pasgivating. Also,
after fhe-test, these sheets can be repolished and used again.

There exist several passivating methods (see A.3.3.2 to A.3.3.4).

A.3.3.2 Electroplating the copper or bronze substrate with 5 pm to 15 pm of bright nickel and
subsequent passivation by immersion in a mass fraction of 1 % to 5 % solution of chromic acid for 30 s to
60 s. Before immersion in the electroplating solution, the test surface should be connected to the negative
electrical supply and the current switched on so as to prevent spoiling the passivation (live entry).

A.3.3.3 Plating the copper or bronze substrate with arsenic, using as electrolyte 59 g of arsenic trioxide
(As203) and 21 g of sodium hydroxide (NaOH) in 11 of water. Plate for 5 min at 0,3 A/dm?2 and 18 °C to
30 °C, using as anodes carbon or graphite.

A.3.3.4 Immersion in a polysulfide solution — 50 g of sodium polysulfide (NazS;) in 11 of water.
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A.3.4 Plating on steel

A steel panel electroplated with nickel may be used. For example, a piece of cold-rolled steel, of any
convenient size, shall be properly cleaned, acid dipped and electroplated with about 7,5 pum of nickel.
After rinsing, the test piece is either passivated (see A.3.3) or cleaned anodically for 15 s in a hot
alkaline cleaner, acid dipped in 0,5 mol/] sulfuric acid, water rinsed, and placed in the electroplating
solution of the metal to be tested. An electrodeposit of the desired thickness is electroplated on the
prepared surface.
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