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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.

The procedy

described i
different ty
editorial ru

Attention is
patent right
any patent 1
on the ISO li

Any trade n
constitute a

For an expl
expressions
World Trade
iso/forewor

the ISO/IEC Directives, Part 1. In particular,
bes of ISO documents should be noted. This document was drafted in accordance\wit
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may be the subje

ect of

s. ISO shall not be held responsible for identifying any or all such patént rights. Detafils of

ights identified during the development of the document will be in the)Introduction ar
st of patent declarations received (see www.iso.org/patents).

hme used in this document is information given for the conyvenience of users and doe
h endorsement.

anation of the voluntary nature of standards, the ineaning of ISO specific terms
related to conformity assessment, as well as information about ISO's adherence t
Organization (WTQO) principles in the Technical Barriers to Trade (TBT) see www.iso
d.html.

This docum

Any feedbad
complete lis

ent was prepared by Technical Committee {SO/TC 206, Fine ceramics.

k or questions on this document should\be directed to the user’s national standards bo
ting of these bodies can be found atiwww.iso.org/members.html.

1d /or

S not

and
b the

org/

dy. A

© IS0 2020 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=9a6f8113f31166277d9949d98b0ecf68

INTERNATIONAL STANDARD

ISO 21712:2020(E)

Fine ceramics (advanced ceramics, advanced technical
ceramics) — Test method for flexural bond strength of
ceramics
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Normative references

Terms and definitions

document specifies a test method for determining the flexural bond strength of cera
5 or ceramic/metal joints at room temperature. The substrate materials, for exatiplg
1, are both monolithic. This method can be used to test the interfacial bond strength
r bending conditions. It can be used for the development of joining materials.anhd/or fo
‘ol of joints, the characterization and generating design data purposes.

following documents are referred to in the text in such a way that some or all of t
fitutes requirements of this document. For dated referenees, only the edition cited
ted references, the latest edition of the referenced documient (including any amendme

611, Geometrical product specifications (GPS) — Dimensional measuring equipment: Mig
nal measurements — Design and metrological chardcteristics

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

[4704:2016, Fine ceramics (advanced ‘ceramics, advanced technical ceramics) — Tes
ral strength of monolithic ceramics atroom temperature

he purposes of this docdment, the following terms and definitions apply.
nd IEC maintain tefminological databases for use in standardization at the following z

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

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

flexyral\bond strength
maxiniuin stress at fracture at the bond interface of a specified beam containing the cera

mic/ceramic
P ceramic or

of the joint
r the quality

heir content
applies. For
hts) applies.

rometers for
es — Part 1:
ystem

method for

ddresses:

nic/ceramic

joint

3.2

four-

or the ceramic/metal joint subjected to bending

point flexure

configuration of flexural test where a specimen is subjected to equal loads through two bearings
symmetrically located between two support bearings

Note

1 to entry: See Figure 1 a) and b).

Note 2 to entry: The bearings may be cylindrical rollers or cylindrical bearings.
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four-point 1/4 point flexure
specific configuration of four-point flexural test where the inner bearings are situated one-quarter of

the support

span away from the two outer bearings

Note 1 to entry: See Figure 1 a) and Table 1.

3.4

four-point 1/3 point flexure
specific configuration of four-point strength test where the inner bearings are situated one-third of the
support span away from the two outer bearings

Note 1 to ent

3.5
semi-articy
test fixture
surfaces

3.6

fully articullating fixture

test fixture
parallel or t

4 Princi

A beam-typ

Fy: See Figure 1 b) and Table 1.

lating fixture
designed to apply uniform and even loading to test specimens that haveflat and parallel

designed to apply uniform and even loading to specimens that may have uneven,|non-
wisted surfaces

ple

b specimen containing the specific bond joint with a rectangular cross-section or cirfular

cross-sectiopn is loaded in flexure until fracture. The loadvat fracture, the geometry of the test fixture

and specim;g
bond streng

en dimensions are used to compute the flextral bond strength, which is a measure qf the
th. The material or joining interface is assumed to be linearly elastic.
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D,
A

a) Four-point 1/4 point flexure

Key

1 lpading bearings
2 qupport bearings
3 interface

a

b) Four-point 1/3 point flexure

distance between loading and support bearings

b
6

width
thickness

L; outerspan

L, inner span

2

S 8

Figure 1 — Flexural bond test configurations

Table 1 — Dimensions of flexural bond test configurations

Dimensions in millimetres

Bending . . Diameters of

type Specimen L, (outer span) L, (inner span) a bearings

Foui'/ﬂ"i“t AL B-I 40+0,1 20+ 0,1 10+0,1 4,51t05,0

FO“;'/%OM AL B-1I 30+0,1 10+0,1 10+0,1 4,5t05,0
Four-point A-I11, A-1V,

13 BILL, BV 30+0,1 10 £0,1 10 £0,1 4,0 t0 6,0

Foui'/p;mt AV, AVI,B-V,B-VI| (4,5~10,5)6+0,5 | (1,5~3,5)6%0,5 | (1,5~3,5)6+0,5 4,0t0 6,0

© IS0 2020 - All rights reserved 3



https://standardsiso.com/api/?name=9a6f8113f31166277d9949d98b0ecf68

ISO 21712

:2020(E)

5 Apparatus

5.1 Testing machine

A suitable testing machine capable of applying a uniform crosshead speed shall be used. The testing
machine shall have the function for recording the peak load applied to the test specimen. The testing
machine shall fulfil the requirements of ISO 7500-1, Class 1, with an accuracy of 1 % of the indicated
load at fracture.

5.2 Test fixture

5.2.1 Gen

The test ad
configuratid
5.2.2,inord
loading. In

loading to the specimen. The articulation is designed so that bearing parts of thefixture can rota

shown in IS
all bearing (
have pairs d
specimens {
a). Fully artj
flat and par

5.2.2 Bearings

The loading]
The specifiq

5.2.3 Pos

The require

interfaces should be positioned at the(Centre of the inner bearings to within + 0,1 mm.

5.2.4 Fixtjure material

The fixture
for fixture n

5.3 Micrgq

A micromet

eral

pts four-point flexure configurations, as illustrated in Figure 1. The four-point 1/4
n is recommended. The fixture shall have bearings that are free to rolly as ‘describ
br to eliminate frictional constraints when the specimen surfaces expand’er‘contract d
hddition, the fixture shall be designed so that it can articulate or tilt ito ensure uni

D 14704:2016, Figure B.1. The bearing parts should also provide.articulation to ensurg
ontacts can apply uniform load to the specimen surfaces. Semi-articulated fixtures, ¢
f upper and lower bearings articulating to match the specimén surfaces, may be used
hat have flat and parallel surfaces, as illustrated in 1SO 44704:2016, Figures B.2 a) an
culated fixtures have more moving parts and are necessary for specimens that do not
hllel surfaces, as illustrated in ISO 14704:2016, Figures’B.2 b) and B.3 b).

and supporting bearings of specimens may be cylindrical rollers or cylindrical beaf
ations for bearings shall be as given in,JSO 14704.

itioning of bearings

ments for the positioning of bearings shall be as given in ISO 14704. In addition, the jo

hould not be permanently deformed by bearings. The requirements and recommenda
naterials shalbbe as given in ISO 14704.

pmeter

er-as described in ISO 3611 but with a resolution of 0,002 mm, shall be used to me§

the specim

boint
bd in
ring
form
te, as
that
rhich
with
1 B.3
have

ings.

ning

kions

sure

h dimenciagne (coo ISO 147041 Alternative dimencion.meacurina inctrumontce mav hao
e eSO S e o4 o4t ot v - e o= eSOt e e ST y— e

ised,

provided that they have a resolution of 0,002 mm or finer.

6 Test specimens

6.1 Speci

6.1.1 Typ

men size

e A specimens

Type A specimens have one interface. Test specimen dimensions are shown in Figure 2 and Table 2.
Cross-sectional tolerance shall be 0,2 mm. The parallelism tolerance on opposite longitudinal faces
is 0,015 mm. It is recommended that the interface be located near the centre of the test specimen. The
interfaces shall be perpendicular to the longitudinal direction of the test specimen. It is recommended

4
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that the A-1, A-II, A-III and A-IV type specimens be employed. If those standard-sized specimens are
difficult to prepare due to constraints of the joining method or joining configuration, specimens with
other dimensions (A-V and A-VI types, rectangular or circlular cross-section) are permitted by mutual
agreement between the customer and the vendor. In this case, the total length of the specimen, Ly, shall
be six times larger than the width (or diameter) of the specimen and both right and left lengths, L, and
Lg, shall be three times larger than the width (or diameter) of the specimen.

6.1.2 Type B specimens

Type B specimens have two or more interfaces. Test specimen dimensions are shown in Figure 3
and Table 3. The tolerances are the same as Type A. The interface shall be at the centre of the test
specimen and shall be perpendicular to the longitudinal direction of the test specimen. Spefcimen types
B-I, B-1I, B-IIl and B-IV are preferred. If these standard-sized specimens are difficult to"prepare due
to cdnstraints of the joining method or joining configuration, specimens with othétr dimgnsions (B-V
and B-VI types, rectangular or circular cross-section) are permitted by mutual agreement between the
customer and the vendor. In this case, the total length of the specimen, Ly, shall'be'six timeg larger than
the width (or diameter) of the specimen and both right and left lengths, L, and Lg, shall be|three times
largdr than the width (or diameter) of the specimen. In addition, the middle length, L, sha]l be b (or d)
unless there is geometrical constraint due to a joining condition or a joining configuration.

6.1.3 Chamfering and rounded edge

All fpur long edges shall be chamfered or rounded as show# in Figures 2 and 3. The dimensions of
chamfering, C, and rounded edge, R, are shown in Table 4,

Dimensions in millimetres

or

1| 0015 | A — /] 0015 | A
1 /| 005 | B

b >—{B] <

LA LB

b i

Key

interface of the ceramic joint d diameter
chamfering Ly totallength
rounded edge L, leftlength
width Lg rightlength
thickness

S, TSmO -

Figure 2 — Type A specimen

© IS0 2020 - All rights reserved 5
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Table 2 — Dimensions of Type A specimen

Dimensions in millimetres

. Cross-sectional . . . Total Right
Specimen shape Width | Thickness | Diameter length Leftlength length
A-1 Rectangular 4+0,2 3+0,2 — =45 =22,5 =22,5
A-I1 Rectangular 4+0,2 3+0,2 — =35 =175 =175
A-I11 Rectangular 6+0,2 6+0,2 — =35 =175 =175
A-1V Circular — — $6+0,2 =35 =175 =175
A-V Rectangular b+0,2 6+0,2 — =6b =3b =3b
A-VI Circular — — d+0,2 =6d =3d =3¢
Dimensions in millinjetres
c
)
0.
%
o&
X or X
L0015 | A — /o015 [a]
X 1 /| 005 |B
R 5] <
b
LT
Key
1 interfacq of the ceramic joint d diameter
C chamfering Ly total length
R rounded|edge L, leftlength
b  width Ly rightlength
6  thicknesp L: middle length
Figure 3 — Type B specimen
Table 3 — Dimensions of Type B specimen
Dimensions in millimetres
Cross- . .
Specimen | sectional | Width | Thickness | Diameter | Total length |Leftlength Middle | Right
length2 | length
shape
B-1 Rectangular | 4+ 0,2 3+0,2 — =45 =225 4 =225
a  Ifthereis a geometrical constraint due to a joining condition or a joining configuration, other values are permitted.

6 © IS0 2020 - All rights reserved
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Specimen S(e(:cl;(i)(s)flal Width | Thickness | Diameter | Total length |Left length 11\:;[ 111(;(31112 ll::lggl;;
shape
B-II Rectangular +0, , — =35 =175 4 =175
B-III Rectangular | 6 + 0,2 6+0,2 — =35 =175 6 =175
B-1V Circular - - 6+0,2 =35 =175 6 =175
B-V Rectangular | b+ 0,2 6+0,2 — 26b =3b b =3b
B-VI Circular — — d=0,2 =6d =3d d =3d
a  [fthere is a geometrical constraint due to a joining condition or a joining configuration, other values are permitted.

Table 4 — Dimensions of chamfering and rounded edge

Dimensions in millimetrg

Specimen | Cross-sectional shape Chamfering Rounded edge
Al, BI Rectangular 0,12 £ 0,03 0,15+ 0,05
All, BII Rectangular 0,12 £ 0,03 0,15 + 0,05
Alll, BIII Rectangular 0,2~04 0,2~0,4
AV, BV Rectangular (0,03~0,07)b (0,03~0,07)b

6.2

6.2.1

General

Specimen preparation

This|document allows different options for preparing specimens. There are two major| production

metHods for the specimen. The first method is cutting from a larger ceramic jointed body
grinding and polishing. The other method is joining the pair of blocks which have a size wh
largdr than half of the standard-sized specimens described in Figures 2 and 3. The outer su

followed by
lich is a little
rfaces of the

speclmens when they have beenSjoined together shall be ground and polished to obtain flatjsurfaces.

All fqur long edges shall be chamfered or rounded, as shown in Figures 2 and 3. In all cases, the end faces
of the specimen do not need special preparation or finishing. Although a surface finish spegcification is

optiqnal, it is highly recommended that the surface roughness be measured and reported.

6.2.2

Custom machining procedure

In caes where“a custom machining procedure has been developed to produce specimens satisfying the

requjrements, this custom procedure is permitted. The test report shall include details of the

b procedure,

espe "1a11y the wheel grlts wheel bondmg (resm metal, vitreous glass other) and the matetial removed

per

6.2.3

Component-matched procedure

ass—T uc 1U115 cugco Ul LllC leCLllllCll buau uc T uuuucu 19 x,uauuc1 r:u, as ouuvv it 15 ares 4 2 and 3

The specimen shall have the same surface preparation as that given to a component. The test report
should include contents as specified in 6.2.2.

6.2.4 Basic machining procedure

6.2.4.1

NOTE

If the procedures in 6.2.2 to 6.2.3 are not applicable, then the following procedure may be used.

The procedure specified below is a conservative practice. It is intended to minimize machining

damage in a broad range of ceramics. Faster or more aggressive removal rates can be sought if needed.

© IS0 2020 - All rights reserved
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6.2.4.2 The connection method of the junction surface should depend on the real connection situation
of the components.

6.2.4.3 To ensure smoothness, the whole specimen should be ground integrally after combing two
parts of material. Specimens shall be ground in the longitudinal direction, as shown in Figure 4.

/

Figure 4 — Specimen surface grinding in-the longitudinal axis

6.2.4.4 THe grinding procedure shall be as given in ISO 14704:2016, 6.2.5.2 to 6.2.5.5. The|final
dimensions pf the specimen shall be in accordance with 6.1.1 and 6.1.2 as well as Tables 2 and 3.

6.2.5 Parallelism, orthogonality and chamfer sizes

Details shall be as given in ISO 14704:2016, 6.2.6.

6.2.6 Handling of specimens

Details shall be as given in 1SO~14704:2016, 6.2.7.

6.2.7 Number of speciniens

A minimum|of 10 specimens shall be required for the purpose of estimating the mean flexural strepgth.

7 Procedure

7.1 Measure the specimen width, b, and thickness, 6, or radius, d, with a resolution of 0,002 mm. The
specimen size may be measured either before or after the test. If the specimen is measured before the
test, measure the specimen dimensions at the joint; otherwise, measure the specimen dimensions near
the joint location after the test. Care shall be taken to not introduce surface damage when using the
micrometer.

7.2 Test the specimens on the appropriate fixture in the four-point configuration. A fully articulating
fixture shall be used if the specimen parallelism requirements cannot be met.

7.3 Ensure that the test fixtures are clean, that the bearings are free of burrs or deep scratches and that
the bearings are free to roll and articulate.

8 © IS0 2020 - All rights reserved
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7.4 Place each specimen in the test fixture with the wider face resting on the bearings if the cross-
section is rectangular. There are three types of relationship between the interface of the joints and
bearings as shown in Figure 5. When one interface is investigated, the interface shall be located at the
centre of the loading bearings [Figure 5 a) and b)]. When two interfaces are investigated simultaneously
[Figure 5 c)], the two interfaces shall be symmetrical with the centre line of the fixture. The two interfaces
shall be within the loading bearings. The contact points of loading bearings shall be located 2 mm or
more away from each interface. The test results, pass or fail, for each interface shall be reported. Align
the specimen carefully. The specimen should have an approximately equal amount of overhang beyond
the two outer bearings. Centre the specimen carefully within 0,1 mm of the axis of load application (front
to back), as illustrated in Figure 6. Positioning stops for the specimen are strongly recommended. This
is especially important with fully articulating fixtures which may cause the specimen to shift during
artictilation. The fixture design should not allow excessive shifts.

a) Type;A'specimen

2

b) Type B specimen (one interface is examined)

© IS0 2020 - All rights reserved 9
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! b
!
1 2
c) Type B specimen (two interfaces are examined simultaneously)
Key
1 loading hearings b  width
2 support pearings 6  thickness

3  interface

Figure 5 — Positional relationship between interface and bearings

Key

e position tolerance of the specimen from the axis centre of load application (front to back), <0,1 mm

Figure 6 — Alignment of the specimen under the axis of load application

7.5 Apply a slight preload to the specimen of no more than 10 % of the mean joint strength. It is
recommended that the lines of contact of all the bearings and the specimen are inspected to ensure that
there is an even line loading. If the loading is not even, then unload the specimen and adjust the fixtures
as required to obtain even loading. Inspect the bearings to ensure that they are in their correct starting
positions.

7.6 Gently mark the specimen to identify the approximate locations of the two inner loading bearings.
Also mark the specimen so that the compression surface can be distinguished from the tensile surface.

10 © IS0 2020 - All rights reserved
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