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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.

different types of ISO documents should be noted. This document was drafted in accordande\with the
editorial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention is|drawn to the possibility that some of the elements of this document may\be the subj¢ct of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Detalils of
any patent rjights identified during the development of the document will be in thé)Introduction and/or
on the ISO list of patent declarations received. www.iso.org/patents

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

ISO 17095 was prepared by Technical Committee ISO/TC 206, Fine-seramics.
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INTERNATIONAL STANDARD

ISO 17095:2013(E)

Fine ceramics (advanced ceramics, advanced technical
ceramics) — Test method for interfacial bond strength of
ceramic materials at elevated temperatures

1 Scope

This[International Standard specifies the method of test for determining the interfacial tens
bond strength of ceramic-ceramic, ceramic-metal, and ceramic-glass joining at elevated, tem
the gompression tests on the cross-bonded test pieces. Methods for test piece preparation
and rates (load rate or displacement rate), data collection, and reporting procedures are ad

This|International Standard applies primarily to the ceramic materials, including moi
ceramics and whisker-, fibre- or particulate-reinforced ceramic composites. This test me

used
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for materials research, quality control, and characterization and désjgn data-generatic

Normative references

following documents, in whole or in part, are normatively referenced in this documnj
pensable to its application. For dated references,«enly the edition cited applies. I
ences, the lasted edition of the referenced document (including any amendments) appl

611, Geometrical product specifications (GPS) == Dimensional measuring equipment: Mid
nal measurements — Design and metrologicdlcharacteristics

500-1, Metallicmaterials— Verification ofstaticuniaxialtestingmachines— Part1: Tension

testimg machines — Verification and calibration of the force-measuring system

IEC 4
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0584-1, Thermocouples — Part I+Reference tables

[erms and definitions

he purposes of thisdocument, the following terms and definitions apply.

nced ceramic

nced technical ceramic
ceramic

y-engineered, high-performance predominately non-metallic, inorganic, ceramic mat
ficfunctional attributes

le and shear

perature by
test modes

dressed.

holithic fine
thod can be
n purposes.

ent and are
for undated
ies.

rometers for

compression

erial having

spec

3.2

cross-bonded sample
testing sample having the form of a symmetrical cross, which is prepared by joining two rectangle bars
of the same shape and size

Note

1 to entry: See Figure 1.

Note 2 to entry: The two bars joined to form the cross-bonded sample may be of the same or different materials.

Note

3 to entry: The approach used for joining may be any chemical or physical bonding.

Note 4 to entry: The two bars should be joined perpendicularly and symmetrically within + 1° (a = 90° + 1°).
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Figure 1 — Schematic diagram of cross-bonded samples

3.3
tensile failgre load
maximum t¢nsile load applied to the interface during a tensile bond strength test

3.4
tensile bond strength
maximum njean tensile stress applied to the interface during a bond strength test

Note 1 to entfy: Tensile bond strength is calculated from the tensile failure load and the bonded area.

3.5
shear failure load
maximum shear load applied to the interface during-a shear test of the cross-bonded sample

3.6
shear bond|strength
maximum njean shear stress applied to_the interface during a shear bond strength test

Note 1 to entty: Shear bond strength ig'calculated using the shear failure load and the shear-loaded area.

4 Symbogls and abbreyiated terms

For the purposes of this‘document, the symbols given in Table 1 apply.

Table 1 — Symbols

Symbol Designation Unit Reference

l Test piece length mm Table 2
h Test piece thickness mm Figure 1, Table 2

b Test piece width mm Figure 1, Table 2
a Vertical angle of cross-bonded sample 0 Figure 1
D Diameter of the ball in pressure head mm Figure 3
ot Tensile bond strength MPa Formula (1)

T Shear bond strength MPa Formula (4)
P Critical load to debonding N Formulae (1), (4)
Aq Tensile loaded area mm?2 Formula (1)
Ay Shear loaded area mm?2 Formula (4)

2 © IS0 2013 - All rights reserved
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Table 1 (continued)
Symbol Designation Unit Reference
n Number of valid tests 1 Formulae (2), (3), (5), (6)
ot Mean tensile bond strength MPa Formula (2)
T Mean shear bond strength MPa Formula (5)
s Standard deviation MPa Formulae (3), (6)

5 Principle

A cr¢ss-bonded sample is loaded in compression which yields tensile or shear stress-in the interface
untillthe occurrence of the debonding in the interface at the test temperatures. Two differpnt forms of
mounting the cross-bonded sample in a fixture are designed to measure the interfacial tensjle and shear
bond strength, respectively. In the case of the former, a uniaxial tensile stress.is.generated when the test
sample is subjected to compressive load, as shown in Figure 2 a). For theAatter, a cross-bonded sample
is logded in compression to induce failure by shear at the interface, as shown in Figure 2 b). The test is
usually performed at a constant crosshead displacement rate at high temperatures. The load at fracture
and the bonded area are used to compute the tensile and shear bond-strength.

1

i
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I\\\

1

1 N

1 N

=
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a) $chematic diagram of loading, supporting and bonded area for cross-bonded sanpple in the
tensile bond strength test
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6 Appar
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tic diagram of loading, supporting and bonded area for cross-bonded sample in
shear bond strength test

irea
pad
resultant stress on the supporting surfaces

— Schematic diagram of measuring the'tensile and shear bond strength using the

cross-bonded test piece subjected to compressive load

atus

6.1 Testmachine

A suitable tg
shall be in ag
or tension t¢

6.2 Heati

6.2.1 Gen

st machine capable-of applying a uniform crosshead speed shall be used. The test ma
cordance with 1S0)7500-1, class 1, to an accuracy of 1 % of indicated load during compre
pSts.

ng machine

eral

the

rhine
5sion

The furnace shall be capable of heating the test fixture and test piece as well as maintaining a uniform
and constant temperature during the bonding strength test, by which an air, inert gas or vacuum
environment should be available for test requirement. If an inert gas and vacuum chamber is used, and
itis necessary to transmit the load through a seal, bellows or a fitting, it shall be verified that load losses
or errors are less than 1 % of the expected fracture loads.

6.2.2 Test piece temperature stability

The furnace shall be controlled by a device for maintaining a constant temperature within * 2 °C or better
within the working space of the furnace, during the time that the test piece is loaded until it is fractured.

© ISO 2013 - All rights reserved
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6.2.3 Test temperature uniformity

The furnace shall be capable of maintaining the test piece at uniform temperature. It shall previously be
determined that the temperature of the test piece shall not vary by more than 10 °C after a 15-min hold
time at the required test temperature.

6.2.4 Furnace heating rate

The furnace control device shall also be capable of controlling the heating rates of the furnace and
preventing temperature overshoots.

6.2.§ Furnace stability

The time for the system to reach thermal equilibrium at the test temperature shall'be’detlermined for
the tpst temperature to be used.

6.3 | Temperature measuring and indicating instruments

6.3.1 General

The thermocouple temperature measuring equipment shall have a resolution at least 1 °C and an
accuracy of 5 °C or better. Optical pyrometers, if used, shall haye a resolution of at least|5 °C and an
accuracy of 10 °C or better.

Note [L Resolution is not intended to be confused with accuracy. Beware of instruments that havg a resolution
(readout) of 1 °C, but have an accuracy of only 10 °C; for example an instrument with a 1 % accuraqy would only
be acfurate to £ 12 °Cat 1 200 °C.

Note P Thermocouple temperature measuringsinstruments typically approximate the temperature-
electromotive force (EMF) tables, but with a fewdegrees of error.

6.3.1 Thermocouples

Thermocouples in accordance with-IEC 60584-1 shall be used. The thermocouple shall|exhibit low
thermal inertia (the diameter of'the wires shall be not greater than 0,5 mm). The thermodouples shall
have| a sufficient length within"the furnace (with respect to heat conduction along the|wires). The
meaguring thermocoupletip-shall be as close as possible to or contacting the test piece.

6.3.3 Verification.ofthe thermocouple temperature measuring system

Thermocouplesishall be checked periodically since calibration can drift with usage or contamination.

6.4 | Data-acquisition

Obtalin-at least an autographic record of the applied load versus crosshead displacement or testing time.

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

6.5 Dimension-measuring device

Micrometers and other devices used for measuring linear dimensions shall be accurate to at least
0,01 mm and shall be 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 they have a resolution of 0,01 mm or finer.

© IS0 2013 - All rights reserved 5
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6.6 Test fixture

6.6.1 General

There are various types of fixtures for the compression of bond ceramic materials. The illustration
(sketch) of the test fixtures is shown in Figure 3. To avoid unsymmetrical stress in the sample, the top
of the pressure head is machined into arc shape at two perpendicular directions, and should be in the
middle line of the pressure head, as shown in Figure 3 a). Alternatively, a small ball is inlaid in the centre
of the upper surface of the pressure head and the centre of the ball should be in the middle line of the
pressure head, as shown in Figure 3 b). Thus, a point contact at the top centre of the pressure head can

be realized

n compressive process. The bearing shall be suitable and moveable span (the width of the

groove) so that the cross-bonded sample can be inserted into the fixture freely and smooth contatt, as
shown in Figure 3 c).

b) Alt
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h;

bs

<~
=

C2
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a) Pressure head used to apply load during tensile bonding strength tests

______
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h;
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G

Ci

priative pressure head used to apply load during tensile bonding strength tests
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c) Bearing device for both tensile and shear bond strength tests

Figure 3 — Schematic illustration of thé test fixtures

bressure head is designed for applying the tensile loadyin the interface during the ten
gth tests, which is unnecessary for measuring theshear bond strength. The mass of
should be added into the final load for calculatingthe strength.

equ

The parallelism tolerance on opposite longitudinal faces of the lower part of the fixture (bg

not

Whil
bar v

The {
large

6.6.2

The fixture material shall be asinertas possible for the test conditions used. The fixture shall

resis
shall
rang

roid the unsymmetrical tensile stress, it is.fecommended that the width of the press
to that of test sample, e.g. b =b3.

ceed 0,01 mm, and both the uppéirand lower surface should be smooth planes.

the cross-bonded sample isyput into the test fixture, as shown in Figure 5 and Figure

sile bonding
he pressure

ure head be

baring) shall

6, the inside

vould be smooth contact with'two inner surfaces of the bearing, without friction when

hickness of pressure-head should be a little lower than the width of the groove, and
r than the thickness-of the bar, e.g. b3 < by, h3 > h.

Fixture material

it moves.

the height is

be oxidation

tant if'the testing is conducted in air. The fixture shall have negligible chemical react
not contaminate at the test piece. The fixture shall remain elastic over the load and

n with and

eS-used. The bearing may be made of a ceramic with an elastic modulus of between 200 GPa and

Iemperature

500

GPa and a flexural strength greater than 250 MPa at elevated temperature. Silicon carbides are
suitable as the fixture materials. Hot-pressed or sintered silicon carbides with low additive content are
elastic up to temperature in excess of 1 500 °C. Siliconized silicon carbides and high purity alumina are
less expensive, but can exhibit creep deformation at temperatures over 1 200 °C.

7 Test pieces

7.1

Test piece size

A rectangular test bar with a square section shall be prepared before bonding, as shown in Figure 4. The
vertical angle tolerance of adjacent faces should be within 1°. Table 2 shows the recommended dimensions
of the bars with the section size of 4 x 4 mmZ, and the length should be larger than 12 mm. The parallelism
tolerance on opposite longitudinal face is 0,015 mm. All of the bar samples shall not be chamfered.

© ISO
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Figure 4 — Schematic illustrations of the rectangular test pieces

Table 2 — Recommended dimensions for cross-bonded sample and fixture

Dimensions in millimetres

NOTE Pj
samples. The

7.2 Test piece preparation

7.2.1 Gen

This Internd
all surfaces
that need td

in Figure 1.
physical bor

NOTE

7.2.2 Test

The test pied
Test pieces 4

7.2.3 Number of test pieces

A minimum
bond streng

A minimum|

Thebonded surfaceisnotpolished compulsorily if the effect of the roughness of a true surface is consig

Dimension Description Value Tolerance
1 Length of the bar >12 +0,5
b Width of the bar 4 +0,1
h Thickness of the bar 4 +0,1

eferably, two rectangular bars with the same dimensions are joined for preparing the cross-secf
phase compositions of the two rectangular samples can be the same ordifferent.

eral

itional Standard allows several options for test.pigce preparation. Before the preparg
of the bar are polished up to at least 1200# SiC'paper, and then cleaned. Each pair off

The approach used for joining, depending.on the aims of measurement, can be chemig
1ding.

piece storage

esshall be handled with/€are to avoid the introduction of damage after test piece prepare
hall be stored separately and not allowed to impact or scratch each other.

of 6 test pieces shall be required for the purpose of estimating the mean interfacial te
th or intérfacial shear bond strength.

is carried o

of 30 test pieces shall be used if a statistical strength analysis (e.g. a Weibull ana

t~The use of 30 test pieces helps obtain good confidence limits for the bond stre

distribution

parameters including a Weibull modulus.

8 Test procedure

8.1 Test mode and rate

ional

tion,
bars

bond (sometimes of the same material) is joined to form a symmetrical cross, as shown

al or

ered.

tion.

nsile

ysis)
ngth

Use a universal mechanical test machine or other appropriate fixture with a crosshead speed of
0,5 mm/min for both tensile and shear bond strength tests.

The test rate should be sufficiently rapid so as to complete the test in the range of 10 s to 30 s, thereby
obtaining the maximum possible tensile strength at fracture of the interface of the cross-bonded sample.

© ISO 2013 - All rights reserved
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8.2 Preparation of test pieces
Bond two rectangular bars into a cross-bonded sample by chemical or physical ways.

Check the cross-bonded sample before the test; the two bars should be perpendicular to each other, and
without any redundant at the rims of the bonded area.

For the cross-bonded sample in shear tests, the upper section of the vertical bar might be declined plane
in which the peak is at the side of bond surface for avoiding possible bending stress.

8.3 Measurement of the cross-bonded area

Before the bond strength test, the cross-bonded area should be measured for calculationsoMeasure the
length and width of the bonded area with accuracy of 0,02 mm or better.

8.4 | Measurement of the tensile bond strength

To mleasure the tensile bond strength, place each test piece in the fixture using an arc-shaped pressure
head|or ball-shaped pressure head, as shown in Figure 5. The cross-bonded-sample should bg inserted in
the test fixture without any friction. The width of the pressure head shall'be the same as that of the bar,
and the pressure head should be parallel to the lower bar. The test pieces shall be heated tg the set test
tempgerature. Care shall be taken to ensure that the thermal expah$ion of the furnace does rjot cause the
test piece preload to exceed 5 % of the expected average breaking force; it is preferable that the preload
be zgro. When the test temperature is reached, the test piece.shall be held at this temperatyre, allowing
sufficient time for the specimen to reach temperature equilibrium. The time allowed for this shall be
stated in the test report. The temperature measured By the thermocouple or other measyiring device
shalllnot vary during the time of testing by more than*t2 °C. Apply the test force at the specified rate and
record the peak load at fracture. Measure the peakiload with an accuracy of + 1 % or better.

i3 !

a) Arc-shaped pressure head

© IS0 2013 - All rights reserved 9
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Figure 5 —

8.5 Meas

To measure

surface of the fixture shall be close to the interface telavoid the axial centre of load not agreeing

the interfacg
The test pie

expansion df the furnace does not cause the-tést piece preload to exceed 5 % of the expected ave

breaking foj
piece shall 1
equilibrium
the thermog
Apply the te

with an accyiracy of + 1 % or better.

b) Ball-shaped pressure head

- Schematic diagram of cross-bonded sample and fixture for measuring tensile b
strength using arc-shaped pressure head or ball-shaped pressure head

urement of the shear bond strength

the shear bond strength, place each test piece’in the fixture, as shown in Figure 6. The y

e of bonded sample and to keep uniform‘contact between the pressure head and the saj
fes shall be heated to the set test temperature. Care shall be taken to ensure that the the

ce; it is preferablethat the preload be zero. When the test temperature is reached, thd
e held at this temperature, allowing sufficient time for the specimen to reach temper:
The time allowed for thi§ shall be stated in the test report. The temperature measurs
ouple or other measuringdevice shall not vary during the time of testing by more than A
st force at the specified rate and record the peak load at fracture. Measure the peak

ond

pper
with
mple.
rmal
brage
» test
hture
ed by
2°C.
load

i

Figure 6 — Schematic diagram of cross-bonded sample and fixture for measuring shear

10

bond strength
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