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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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Fine ceramics (advanced ceramics, advanced technical
ceramics) — Test method for determining bonding

str

ength of ceramic coatings

1 Scope

This

document specifies the testing method for the determination of the bonding strengt

coatings at ambient temperature by the compression tests on the cross-joined test pieces.

test |
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3.1

biece preparation, test mode and rate, data collection and reporting procedures are ad

document applies primarily to any ceramic coatings, thick or thin, bonded onto s

h of ceramic
Methods for
dressed.

hbstrates of

us materials. The test method described can be used for materialssresearch, quallity control,

hcterization and design data generation purposes.

Normative references

following documents are referred to in the text in suchyaway that some or all of t
[itutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced deciiment (including any amendme

611, Geometrical product specifications (GPS) —Bimensional measuring equipment: Mig
nal measurements — Design and metrological ¢haracteristics

500-1, Metallic materials — Calibration and verification of static uniaxial testing machin
on/compression testing machines — Calibration and verification of the force-measuring s

Terms and definitions

he purposes of this document, the following terms and definitions apply.
nd IEC maintain terminological databases for use in standardization at the following g

SO Online browsing-platform: available at https://www.iso.org/obp

EC Electropédia’ available at http://www.electropedia.org/

cera
coati

mic coating
ng-0f ceramics onto a substrate, via a physical or chemical technique, which creates an

heir content
applies. For
hts) applies.

rometers for

es — Part 1:
ystem

ddresses:

interface or

boundary between the coating and the substrate

3.2

interface
smooth or rough boundary generated between coating and substrate that results from one or several
bonding mechanisms, for example mechanical anchorage, interatomic or intermolecular bonds

3.3

cross-joined test piece
test piece prepared by joining coating sample (see Figure 1 and 7.1.1) and coupling bar (see Figure 2
and 7.2.2) perpendicularly to each other at middle, by means of high-strength adhesive, as shown in

Figure 3
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Figure 1 — Schematic of the coating sample
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nd
Figure 2 — Schematic of the coupling bar

b

Figure 3 — Schematic of the cross-joined test piece
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3.4

tensile failure load
maximum load applied to the horizontally placed cross-joined test piece during a test by subjecting load
normal to interface between coating and substrate

3.5

tensile bonding strength
tensile stress calculated from the tensile failure load and the cross-joined area

3.6

shear failure load

IS0 23114:2020(E)

max
para

3.7
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lel to interface between coating and substrate

shear bonding strength

shea

- stress calculated by using the shear failure load and the cross-joined area

jecting load

4 S$ymbols
Syjmbol Designation Unit Reference¢s

A, Cross-joined area (=b?) mm? |Formulae (1) and (2)
A, True coating debonded area mm? (8.5

b Test piece width mm |Table 1

by Groove width of sample holder mm |Figure 6 b)

b, Sample holder width mm |Figure 6 b)

b, Pressure head width (=b) mm |Figure 6 a)

cq Pressure head length (<1,) mm |Figure 6 a)

Cy Slot span of pressure head (>b} mm |Figure 6 a)

d Space of two notches (=b) mm |Table 1

h Test piece thickness mm |Table 1
hy Sample holder height mm |Figure 6 b)
h, Pressure head height mm |Figure 6 a)
hy Slot depth of pressure head (>b) mm |Figure 6 a)

1 Test piecelength mm |Table 1

Iy Sampleholder length mm |Figure 6 b)

L, Groove length of sample holder (>c;) mm |Figure 6 a)
P. Failure load to debonding N Formulae (1) and (2)
o, Tensile bonding strength by calculation MPa |Formula (1)

- Tensile bonding strength of ceramics coating MPa 191

T Shear bonding strength by calculation MPa |Formula (2)

T Shear bonding strength of ceramics coating MPa |9.2

5 Principle

A cross-joined test piece is subjected to an increasing compression load giving a tensile or shear stress
on the area that is joined until the coating is debonded. Two different forms of mounting the cross-joined
test piece in a fixture are conducted to measure the tensile and shear bond strength, respectively. In the
case of the tensile test, a uniaxial tensile stress is generated when the cross-joined test piece is subjected
to compressive load, as shown in Figure 4. The tensile strength of the coating-substrate interface, or
the cohesive strength of the ceramic coating, will be obtained. In the case of the shear strength test, a
cross-joined test piece is loaded in compression to induce failure by shear at the interface, as shown in

© ISO
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Figure 5. Owing to the groove, the failure will not occur in the adhesive interface, and thus the shear
bonding strength shall be that of ceramic coating to be characterized. On the other hand, if that coating
sample is joined with a flat coupling bar, the adhesive may also lead to the removal of the coating from
substrate under shear stress. The test is performed at a constant cross-head displacement rate. The
load at fracture and the cross-joined area are used to calculate the tensile and shear bonding strengths
by calculation.

Key

F loading

q supportipg

1 joined aiea (dark)

A grooved coupling bar
B flat coupling bar

Figure 4 — Schematic of loading,supporting and jointed area (dark) for cross-joined test pjece
in the test of the tensile bonding strength
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Figure 5 — Schematic of loading, supporting and jointed area (dark) for cross-joined

inthe test of the shear bonding strength

There are three possiblefracture modes during either tensile or shear testing: a) complet

the

doating from substrate (debonded at the interface between coating and substrate); b)

itself fractures (cohesive failure inside the coating); and c) adhesive joint fails. A combinaf
thre¢ modes cafvoccur. For mode a), the calculated strength value represents the real bond
of the coating. For mode b) and mode c), the strength calculated with the failure load and
arealshallbe.lower than the real bonding strength between the coating and the substrate.

6

6.1

| test piece

b removal of
the coating
ion of these
ng strength
the jointed

Apparatus

Testing machine

A suitable testing machine capable of applying a uniform cross-head speed shall be used. The testing
machine shall be in accordance with ISO 7500-1, Class 1, with an accuracy of 1 % of indicated load at
compression or tension tests.

6.2

Data acquisition

Obtain an autographic record of the applied load versus cross-head displacement or versus testing time,
so that the maximum load to debonding (P_) is determined.

© IS0 2020 - All rights reserved
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Use either analogue chart recorders or digital data acquisition systems. Recording devices shall be
accurate to within 1 % of the selected range of the testing equipment, including readout unit, and shall
have a minimum data acquisition rate of 10 Hz with a response of 50 Hz deemed more than sufficient.

6.3 Dimension-measuring device

Micrometers and other devices used for measuring linear dimensions shall be accurate to at least
0,01 mm in accordance with ISO 3611. The micrometer shall not have a ball tip or sharp tip since these
might damage the test piece. Alternative dimension-measuring instruments may be used provided that
they have a resolution of 0,01 mm or finer.

6.4 Testing fixture

Preferred tpsting fixtures (pressure head and sample holder) are shown in Figure .6, To avoid
unsymmetrjcal stress in the sample, the top of the pressure head shall be machined into’an arc ghape
in two perpgndicular directions, as shown in Figure 6 a). Thus, a point contact at the top centre qf the
pressure hepd can be realized in the compressive process. The slot of pressure head shall be slightly
bigger than fhe cross-section of the coupling bar, i.e. ¢, > b, h; > b [see Figure 6 a)and Figure 8], to Jeave
adequate clearance between the two. The groove of sample holder shall be.stitable in width (&) to
create a smpoth contact between its two inner surfaces and inserted crosssjoined test piece, ensyring
the coating|sample (tensile bonding strength test) or coupling bar (sh€ar bonding strength test) can
move freely|during testing, as shown in Figure 6 b). The fixture shall rémain elastic over the load rgnges
used. The fikture shall be made of a hard material, such as steel, or d ceramic with an elastic modlulus
over 200 GPp.

h,

g

a) Th¢ pressure head used to.apply the load during the tensile bonding strength tests

L,
/ e
/

b) The sample holder for both tensile and shear bonding strength tests

Figure 6 — Schematic illustration of the testing fixtures

The pressure head is designed to apply the tensile load during the tensile bonding strength tests, which
is unnecessary for measuring the shear bond strength. The weight of the pressure head shall be added
into the final load for calculating the strength.

6 © IS0 2020 - All rights reserved
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To avoid unsymmetrical tensile stress, it is recommended that the width of the pressure head be equal
to that of the testing sample, i.e. b = bs.

The parallelism tolerance on opposite longitudinal faces of the lower part of the fixture (holder) shall
not exceed 0,01 mm, and the upper surface shall be a smooth plane.

When the cross-joined test piece is put into the testing fixture, as shown in Figure 8 and Figure 9, the
inside bar shall be in smooth contact with two inner surfaces of the holder, without friction when it moves.

7 Test pieces

7.1 | Test piece preparation

7.1.1 Coating sample

A coating sample shall be machined into a rectangular bar up to recommended dimensions of
4 mm x 4 mm x 20 mm, as indicated in Figure 1, Figure 7 and Table 1. Twonotehes shall then be sliced in
the nmpiddle to separate the testing area, as shown in Figure 1. The space between two notches shall equal
the width of the coupling bar (see 7.1.2 and Table 1). The parallelism tolerance on opposite Jongitudinal
faceq shall be 0,015 mm. None of the sample bars shall be chamfered.

Figure 7 — Schematic illustration of the rectangular coating sample

Table 1 — Recommended dimensions for coating sample

. . . Value Tolerance
Dimension Description
mm mm
Length 20 +0,5
Width 4 +0,1
Thickness 4 +0,1

7.1.4 Coupling bar

A cotlipling bar.of the same size as the coating sample shall be made from typical stainless steel and a
small slope-shall be ground on one end. A groove, of less depth than the ceramic coating, sHall be sliced

to mateh'the middle testing area of the coating sample, as shown in Figure 2 a), or for thin foatings the
coupling barwithout groove may alsg be used [see Figure 2 h)l

7.1.3 Joining of coating sample with coupling bar

Before joining, the surface of the groove or joining area on the coupling bar shall be polished up to at
least 1200# SiC paper and then cleaned. The coating sample, especially for the testing area, shall also be
cleaned.

The coating sample and coupling bar shall be mounted by matching the testing area of the coating
sample (between two notches) with the groove of the coupling bar (or with the flat bar in the middle),
and both shall be joined by using high-strength adhesive to form a cross-joined test piece, as indicated
in Figure 3 and 3.3.

© IS0 2020 - All rights reserved 7
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The approach used for joining shall ensure that the joining does not harm the coating or that any

reaction occ

urs between adhesive and coating.

7.2 Test piece storage

The test pieces shall be handled with care to avoid the introduction of damage after preparation. Test
pieces shall be stored separately and not allowed to impact or scratch each other.

7.3 Number of test pieces

A minimum

of 10 test pieces are rpqnirpd ta give an averall estimation of tensile bond cfrpngfh or shear

bond streng]

8 Testp

8.1 Place

Check the cqf
to each othd

For the cros
placed abov

Figure 5.

8.2 Testmode and rate

Use a univel
0,5 mm/mipy

The test ratq
the maximu|

8.3 Meas

To measure
cross-joined
the pressursg
and the sam
head shall b
and record {

th of coating.

rocedure

ment of testing pieces

oss-joined test piece before the test. The coating and coupling bars-should be perpendi
I.

s-joined test piece in shear tests, the coupling bar with a sloped end (see Figure 3) shd
e with the peak at the side of the join surface to avoid péssible bending stress, as shoy

sal mechanical testing machine or another @ppropriate fixture with a cross-head spe
for both tensile and shear bond strength-tests.

 shall be sufficiently rapid to compléte the test in the range of 10s to 30s, thereby obta
m possible tensile strength for coating debonding from substrate.

urements of the tensile bonding strength

test piece shall be inserted in the testing fixture without any friction. The lower surf4
head shall be stuck-with a soft tape to maintain uniform contact between the pressure
ple. The width-efthe pressure head shall be the same as that of the bar, and the pres
e parallel to€he’lower bar, as shown in Figure 8 b). Apply the test force at the specified
he peak load-at fracture. Measure the peak load with an accuracy of + 1 % or better.

the tensile bonding strength, place each test piece in the fixture, as shown in Figure 8|

rular

11 be
vn in

ed of

ning

The
ce of
head
sure
rate

b)
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==

q)

Figure 8 — Schematic diagram of cross-joined test piece and fixture for measuring tensile

8.4 Measurements-oftheshearbondingstrength

To mleasure the shear bonding strength, place each test piece in the fixture, as showmin H
ape shall be also stuck on the upper surface of the fixture for keeping uniform,contact between
ressure head and the sample. Apply the test force at the specified rate and record the peak load at
fracture. Measure the peak load with an accuracy of + 1 % or better.

soft
the p

8.5

Appl

bonding strength

b)

0)

igure 9 — Schematic diagram of cross-joined test piece and fixture for measurin
bonding strength

Evaluation of the true coating debonded area

y an.optical micrograph to evaluate the true area of coating debonded from the substr

igure 9. The

g shear

ite (4. after

fract|

ureto confirm its percentage of the cross-joined area (4;). 50 % is defined as the crif]

ical value. A

photomicrograph of the coating debond area shall be taken to reveal the fracture mode.

8.6

Post test

Measure and record the laboratory ambient relative humidity during test sequence.
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9 C(Calculation of results

9.1 Tensile bonding strength of ceramics coating

Tensile bonding strength by calculation shall be derived from Formula (1).

. =_C (1)

is|[the tensile bonding strength by calculation, in megapascals (MPa);
P is|the failure load to debonding, in newtons (N);
Ay is|the cross-joined area in tensile test, 4, = b2, in mm?2,

If the true cpating debonded area (4, is larger than 50 % of the A, then the tefisile bonding strgngth
of coating (¢, shall be considered equal to o,. Otherwise, the tensile bonding'strength of coating (o)
shall be qualitatively determined as o, > 0.

9.2 Shear bonding strength of ceramics coating

Shear bonding strength by calculation shall be derived from Formula (2).

r=-C (2)

T is[the shear bonding strength by.calculation, in megapascals (MPa);
P. is|the failure load to debonding, in newtons (N);
Ay is|the cross-joined ared in'shear test, A, = b2, in mm?2.

If the true cpating debonded-area (4 is larger than 50 % of the A, then the shear bonding strength of
coating (7.) shall be considered equal to 7. Otherwise, the shear bonding strength of coating (z.) shall be
qualitatively determinegas 7. > 7.

10 Analysis.ofiprecision and uncertainty

The precisiomof theinterfaciat strength measuremernt of teramic coatings may beaffected by nany
factors, for example the uniformity of the interface joining, the effects of the loading and changes in the
test conditions.

Since fracture has three possible modes, the test results are either quantitative or qualitative, as
mentioned in Clause 5. Only for mode a) is the calculated strength the real interfacial strength. The
analysis of uncertainty for mode a) fracture is given in Annex A, through interlaboratory testing.

11 Test report

The test report shall contain at least the following information:

a) name and address of the testing establishment;

10 © IS0 2020 - All rights reserved
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