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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 fracture resistance of
monolithic ceramics at room temperature by indentation
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document describes a test method that covers the determination of fractuire r
lithic ceramics at room temperature by the indentation fracture (IF) method;

document is intended for use with dense monolithic ceramics and mahisker- or
orced ceramics which are regarded as macroscopically homogeneous. It dees not includ
n nitride ceramics for bearing balls and continuous-fibre-reinforced.ceramics compos

document is for material development, material comparison, giiality assurance, char
eliability data generation.

(tation fracture resistance, Kj |rRr, as defined in this document is not to be equated w
ness determined using other test methods such as Kjseand Kipp.

Ki1rr is an estimate of a material’s resistance.to cracking as introduced by an inde|
lations with wear resistance and rolling contact fatiguie performance as well as machining pr
properties are governed by the resistance to crack extension in localized damage areas(1]-[3]
ire toughness properties Kjsc and Kjpp are intrinsic properties of a material and are relevant tg
atastrophic fracture events with long craeks rather than those phenomena caused by mig
ssive damage accumulation associated withshort cracks.

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 references, only the edition cited
ted references, the ldtest edition of the referenced document (including any amendme

287, Geometrical-Product Specifications (GPS) — Surface texture: Profile method — Term
urface texture parameters

507-2, Metallic materials — Vickers hardness test — Part 2: Verification and calibrati
ines

507-3, Metallic materials — Vickers hardness test — Part 3: Calibration of reference blod|

bsistance of

particulate-
e monolithic
ites.

Acterization

ith fracture

nter and has
cesses, since
By contrast,
macroscopic
roscopic and

heir content
applies. For
hts) applies.

s, definitions

bn of testing

ks

ISO 14705, Fine ceramics (advanced ceramics, advanced technical ceramics) — Test method for hardness of
monolithic ceramics at room temperature

ISO 17561, Fine ceramics (advanced ceramics, advanced technical ceramics) — Test method for elastic
moduli of monolithic ceramics at room temperature by sonic resonance

3 Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

fracture resistance
measure of resistance of extension of a crack introduced by an indenter

3.2

fracture resistance value

Ki1FrR

value of crack-extension resistance as measured by the IF method

Note 1 to en

ryv- The indentation fracture resistance Kjipp as nsed here is not to he equated to fast fra

ture

toughness K]
considered tq

4 Princi

This documd
reliability d4
resistance
(diamond py
the associat
Figure 1)[4].
two types o
2a. If 2¢/2a
than 2,5 for
technique o1
The measur
order to imp
doing so ing
allows both
albeit separ
to ensure rq
projects on {

...... T

. K1,IFR is an estimate of a material’s resistance to cracking as introduced by an indenten.
be an intrinsic property of a material and is independent of the test method.

ple

ent is for material development, material comparison, quality assurance, characterizatiol
Ita generation of dense monolithic ceramics. The method determines-the indentation fra
alue, Kirr, from the elastic modulus and indentation force by, forcing a Vickers ind
rramid) into the surface of a test piece and measuring the lengths'of both the diagonal
ed cracks of the indentation that are left in the surface after removal of the indenter
The method is applicable to the half-penny-crack type butnot to the Palmqvist type
[ crack profile can be estimated using the ratio of the crack length, 2¢, to the diagonal le
is more than 2,5, the crack is half-penny type. But the’critical 2c/2a values can be sy
some ceramics. In such cases, direct observationZef crack morphology by the decor
serial sectioning of the indented surface is also tiseful to differentiate the two crack prg
ement of the crack length and the observation'of the crack tips are performed separatg
rove the accuracy. The crack length should net be measured in a single optical image bec
vitably limits the magnification that cany be used. Travelling microscopy is a solution
reading of the crack length and detection of the crack tips to be performed at high resoly
tely. Both an objective lens of 40 x.@r’higher and a calibrated optical stage shall be emp
liability. Both international and\domestic interlaboratory comparison study (round r
he advanced IF method are described in Annex C (see References [5] to [8]).
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length of the indent
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Figure 1 — Crack lengths and diagonal sizes of the Vickers indentation
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5 Apparatus

5.1

Testing machine

The testing machine shall be in accordance with ISO 6507-2. A suitable testing machine capable of
applying an indentation force of 49,03 N up to 196,1 N shall be used.

5.2 Indenter

The indenter shall meet the specification for Vickers indenters. See test method ISO 6507-2. The
diamend-shewldbeexamined-beforethetestandiitistooseinthe meuntingmatertal chipped or
cracked it shall be replaced.

5.3 | Verification by standard reference materials

The reference materials which are in accordance with ISO 6507-3 shall be used to verify the testing
machine and their Vickers hardness shall not vary from the hardness of the material to be mheasured by
more than 20 %.

5.4 | Metallurgical microscope or travelling microscope

The metallurgical microscope equipped with calibrated stagé movement or the travelling{microscope
shalll be employed for both detection of the crack tips ahd 'measurement of the crack|length. The
magnification of the objective lens shall be 40 x or 50 x%and the total magnification shall|be 400 x or

more
tabld
be us

position shall be 1 pm or less. The coaxial vertical illumination with enough light in
ed for the observation of the crack tips.

. The travelling stage shall move both vertically. aid horizontally and the readout resolution of the

fensity shall

6 Test specimen

6.1 | Thickness

The thickness of the specimemshall be large enough so that the crack lengths are not|affected by
varigtions in the thickness. Asjlong as the thickness of the specimen is more than five timees the crack
length (2c¢), the test will notybe affected. In general, a specimen thickness of more than 3 mm is suitable.
6.2 | Surface finish

Specjmens shall>have a ground and polished surface so that the crack lengths can be measured
accurately. The’ surface roughness, Ra, as defined in ISO 4287, shall be not more than §,1 pm. Any
grinding-induced damage layer at the surface shall be removed completely by polishing so that the
cracl tion of tiny pits

 letigths are not affected by any residual stress at the surface layer. The area frac

due {

length measurement.

NOTE

Annex A provides further information about a typical machining procedure.

cious crack-

The IF method is only applicable to dense ceramics. But if it is necessary to evaluate slightly porous
ceramics through the IF method, the porosity shall be described in the test report to show the precision
of measurements, because ceramics with some small porosity can experience local densification
beneath the indenter, which reduces the driving force for crack formation and results in overestimation
of KI IFR.

© IS0 2019 - All rights reserved
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7 Procedure

7.1 Speci

men placement

Place the specimen on the stage of the machine so that the specimen will not rock or shift during the
measurement. The specimen surface shall be clean and free from any grease or film.

7.2 Speci

The surface

men levelling

of the specimen being tested shall lie in a plane normal to the axis of the indenter.

7.3 Clean
The indente
isopropanol
7.4 Adjus

Ensure that
in the field
micrometer.
carried out

7.5 Appli
Indentation
Force: 196,1]
Dwell time:

If indentatid

lower test force of 98,07 N or 49,03 N. The test force employed shall be described in the test repd

show the pr

NOTE Kj
especially for

Also, the accyracy of the measurenient of crack length can become worse when the indentation size gets sn

at the test for

ing of the indenter

I shall be cleaned prior to and during a test series. A cotton swab with ethanol, méthary
may be used. Indenting into soft copper can also help remove debris.

itment of stage movement

the horizontal movement of the stage of optics is coincident with.the horizontal dire
of optics. The magnitude of the stage movement shall be, calibrated with an obje
The procedures for the adjustment of the stage axis and ferthe length calibration shj
hs specified in Annex B.

cation of test force

5 shall be made using a Vickers indenter under the following conditions:

N

15 s

ns made at the test force of 196,1 N'lead to no acceptable indentations (see Figure 2),

bcision of measurements.

IFR measured at a force 0£98,07 N or 49,03 N can be slightly smaller than that obtained at 19
those silicon nitrides with self-reinforced microstructures which produce rising R-curve beha

ce 0f 98,07 N or 49,03 N.

7.6 Acce

Only indentptions,whose four primary cracks emanate straight and radially from each corner
be accepted. Indentations with spalled edges, badly asymmetrical, split or forked cracks or §
chipping shall‘be rejected, see Figure 2. If the difference between the horizontal crack length an

tability ofindentations

ol or

ction
ctive
1] be

lise a
rt to

6,1 N,
yiour.
haller

shall
PI0SS

i the

vertical length is more than 10 % of the mean value of the horizontal and vertical lengths, the result
shall be rejected. If 2c/2a is less than 2,5, the results shall be rejected since the crack could be the
Palmqvist type. However, if the crack type is half-penny, the results are acceptable. The crack type
can be differentiated by decoration of cracks using impregnation of lead acetate solution or by the
serial sectioning techniquel9l. The number of both valid indentations and total indentations shall be
described in the test report to show the precision of measurements, since a large percentage of invalid
indentations implies measurements using valid indentations can be affected somewhat by, for example,
the potential lateral cracks.

© ISO 2019 - All rights reserved
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—>— Y |

4 5 6
Key
dpalled edge 4  chipping and ragged edges
dsymmetrical 5 2cp<<2cior2ci<<2c
bhadly split 6 2c/2a<2,5

Figure 2 — Guidelines for the unacceptable indentations

7.7 | Number of indentations

The humber of valid\indentations shall be not less than five. The spacing of indentations|shall not be
less than five timés.the diagonal length of cracks. See Figure 3. No indentation shall be closdr than three
timep the diagonal length of the crack to the test-piece edge.

© IS0 2019 - All rights reserved 5
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I,>6c I, >10c

Key
1 edge of test piece

2 indentatjons

2c¢ diagonalllength of the crack

l1  distance|between centres of indentations

I  distance|from the centre of indentation to the edge of the sample

Figure 3 1— Closest permitted spacing between indentations and from indentation to the test
piece edge for Vickers indentations

7.8 Measurement of indentation size

7.8.1 Meakure both diagonals of each hardness impression as “2a” values to within 1 pm within 1( min
of unloading. The measurement procedure described inISO 14705 or the following apply.

7.8.2 Adjyst the diagonal directions to both vertical and horizontal axes of the field of optics.
7.8.3 Cenfre the left corner of the diagonal in the field of optics and record the stage position.

7.8.4 Shift the stage to centre the right corner of the diagonal in the field of optics and record the ptage
position.

7.8.5 Calcplate the horizontal diagonal size, 2ay, from the change of stage position.
7.8.6 Obtgin the vertical diagonal size, 2ay, following the same procedure as 7.8.3 to 7.8.5.

7.9 Measurement of crack size

7.9.1 Measure both horizontal and vertical crack length as “2¢” values to within 1 pm within 10 min of
unloading. The following measurement procedure shall be used.

7.9.2 Centre the left crack tip in the field of optics as shown in Figure 4 (left) and record the stage
position. To identify the crack-tip position, it is recommended that the image is brought into focus and
out of focus several times by turning the fine knob back and forward quickly.

7.9.3 Shift the stage to centre the right crack tip in the field of optics as shown in Figure 4 (right) and
record the stage position.

7.9.4 Calculate the horizontal crack length, 2¢1, from the change of stage position.

6 © IS0 2019 - All rights reserved
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7.9.5 Obtain the vertical crack length, 2¢, following the same procedure as 7.9.2 to 7.9.4.

Key
1 bbservation of the left crack tip at a high magnification (the left crack tip is centred in the field of optics)
2 bbservation of the right crack tip at a high magnificatien (the right crack tip is centred in the field of optics)

e |

igure 4 — Measurement method for the\crack length using both objective lens of 40 x or
50 xand travelling stage

7.9.4 If the crack tip touches a void'with a diameter of 10 pm or more, the data shall be r¢jected since
it is dlifficult to locate the precise position of the crack tip. If the diameter of the void is less|than 10 pm,
meagure the crack length including the void diameter, as shown in Figure 5 (left). When [the crack is
interfrupted at a grain or void_and appears again, take the end of the disconnected crack as the crack tip
as shiown in Figure 5 (right))and measure the crack length.

A

I
1
1 . /&

2¢C

2c

A

© IS0 2019 - All rights reserved 7
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void with a diameter of less than 10 um

Figure 5 — Measurement method for the crack length when the crack tip touches a void or when

the crack is disconnected at a grain or void and appears again behind the grain or void

8 Calculation

8.1 For each-indentationcalewlate-the-mean-valuesof 2a-and2caccordingsto-Formula{
2a= 20 +2a; and 2c :—ch *2c;
8.2 For edch indentation, calculate the Vickers hardness value according to Formuld {2).
HV = 0,001854 F
(20)°
where
HV  is|the Vickers hardness in gigapascals (GPa);
F is|the applied force in newtons (N);
a is|the mean half-length diagonal value in millimétres (mm).
8.3 For eqch indentation, calculate the indentatiefifracture resistance by Niihara's method acco
to Formula ({3)[10].
Kien = 0,000978(%]“‘* [L)
where
K 1FR is|the indentation fracture resistance in megapascals-square root meter (MPa-m1/2);
E is|the elastic modulus in gigapascals (GPa);
HV  is|the Vickers hardness in gigapascals (GPa);
F is[the'applied force in newtons (N);
c is the mean half crack length in millimetres (mm).

M

(2)

rding

(3)

A sonic resonance method in accordance with ISO 17561 shall be used to measure the elastic modulus of
the specimen provided that the test piece is available from the same material lot as the specimen. If the
test piece for the sonic resonance method is not available from the same material lot, using literature
datais permitted.

NOTE

The Niihara equation was selected because Kjrr calculated using this equation gives a relatively

good correlation with Kjc measured using the SEPB or SCF methods for several structural ceramics, except for

very fine-gra

ined ceramics (see References [11],[12] and [13]).
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Test report

The test report shall be prepared in accordance with ISO/IEC 17025, unless there are valid reasons
for not doing so. The report of the results of an indentation fracture resistance test shall include the
following items:

a)
b)

p)
q)

the name and address of the testing establishment;

the date of the test, a unique identification of the report and of each page, customer name and

address and signatory of the report;

3 description of the test material, elastic modulus, batch codes and date of man
appropriate;

geometry and dimensions of the test specimen;

jampling conditions of the test specimen from material and its machining conditig
{pecimen is heat treated, its conditions are included);

name and type of testing machine;

name and type of microscope;

magnification of objective lens and total magnification:ised to observe and measure th
¢nvironment of test, relative humidity and temperature;

indentation force;

¢lastic modulus used to calculate the indentation fracture resistance as well as thd
ﬁ)nethod, i.e. determined with ISO 1756%.:f literature data were used, the source of the
e provided;

3 list of test results (number, of“valid indentations measured, as well as the tota
Identations, mean indentation fracture resistance and the standard deviation);

eviations from the specified procedures, if any.

The report of the results of an indentation fracture resistance test should preferably
the following items:

kinds of additiv€s and sintering method of test material;

echanical properties of test material such as bending strength or Vickers hardness;

orosity of test material when slightly porous ceramics are employed.

ufacture, as

ns (when a

e cracks;

measuring
data should

number of

also include
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Annex A
(informative)

neral machining procedure for test piece preparation

A.1 General

The conditi&l)n of the surface finish of the test piece affects the accuracy of the measurementof

length. Detg
the surface
process to
described in

cting the correct position of the crack tip becomes difficult when small pits are_mac
by dropout or fragmentation of a grain. Thus, it is necessary to adopt a proper'mach
wvoid such difficulties. An example of a machining process for an idealsurface fini
this annex.

rrack
le on
ning
sh is

DOB.

more
e

A.2 Cutting and grinding
A.2.1 Cut fest pieces from a sintered bulk using a resin-bond diamond-wheel, such as SDC140N-1
A.2.2 Prepare an iron-disc holder with a diameter of about 130 min: Arrange multiple test pieces (
than five) alpng the circumference of the disc and glue the specimens with wax as shown in Figure
1
% % 2
Key
1 iron-disd holder
2 testpiece
LTI RPN A ez s manktaofiack siaocnc o o s Ao ool o,
I lsul C L ey WY allsclllclll. UL LCOU PICLCB Ull dil 11T UII"uUI1ov 11IuiIiuvl1l

A.2.3 Stick the iron holder to the table of the grinding machine with an electromagnet with the
specimen side up.

A.2.4 A diamond-grid wheel 200 with a diameter of 200 mm shall be used to remove the last 0,2 mm
or more on the surface. Set the speed of rotation of the wheel to 2 600 rpm. The depth of cut shall be less
than 6 um/pass. The number of spark out shall be 10.

A.2.5 Successively, a diamond-grid wheel 400 with a diameter of 200 mm shall be used to remove the
last ca. 70 um from the surface. Set the speed of rotation of the wheel to 2 600 rpm. The depth of cut shall

be less than

10

3 um/pass. The number of spark out shall be 10.

© ISO 2019 - All rights reserved
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A.2.6 Remove the iron holder from the table of the grinding machine.

A.3 Polishing and lapping

A.3.1 Prepare a grooved polishing plate made of copper. The diameter of the plate should be 380 mm
or more. Place the iron holder on the polishing plate with the sample side down. Set the speed of rotation
of the plate to 60 rpm. The iron holder shall rotate on its axis. Spray a small amount of free abrasive
polishing slurry with diamond grains of 3 um onto the polishing plate once every minute. Adjust the
pressure of the test piece to about 2 N/cm?2 by using an appropriate dead weight. The duration of the
polishing shall be more than 1 h. The polishing is finished when all the grinding-induced flaws disappear.

A.3.2 Prepare a grooved lapping plate made of tin. The diameter of the plate should be|380 mm or
mor¢. Place the iron holder on the lapping plate with the sample side down. Set the speed df rotation of
the pllate to 60 rpm. The iron holder shall rotate on its axis. Spray a small amount of free abrgsive lapping
slurrly with diamond grains of 0,5 pm onto the lapping plate once every minuté)Adjust the pressure of
the tgst piece to about 2 N/cm?2 by using an appropriate dead weight. The duration of the lapping shall
be mpre than 1 h. Remove the last 10 pm or more from the surface during(the polishing and |apping. The
lappirr)lg is finished when a mirror-finish surface is obtained.

© IS0 2019 - All rights reserved 11
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Annex B
(normative)

Adjustment of the axis of travelling-stage and calibration of the

length measurement using the travelling stage

1ding
tion,
lures

ns of

biece

B.1 Geneqral
Mismatch bptween the axis of the travelling stage and the field of optics causes an errar|in reg
crack length. Thus, adjustment of the travelling stage is necessary before measurements) In add
calibration ¢f length measurement using the travelling stage is also required. The geweral proced
for both adjuistment of the stage axis and calibration are described in this annex.
B.2 Adjustment of the axis of the travelling stage
B.2.1 Placp a sample on the travelling stage of optics. Observe the sample with an objective le
40 x or 50 x|and find a small and clear mark such as an impression orCorner of the sample.
B.2.2 Set the mark on the horizontal line in the field of optics, for example a cross line of eye
[Figure B.1 3)].

1

3
2
a) fSetting stage b) Checking stage c¢) Confirming stage

Key
1 field of optics
2 horizontpMine
3  mark

Figure B.1 — Adjustment of the axis of travelling stage

B.2.3 Move the travelling stage so that the mark shifts to the left. If the mark deviates from the
horizontal line [Figure B.1 b)], adjust the stage axis so that the mark shifts along the line [Figure B.1 c)].

B.3 Calibration of the length measurement using the travelling stage

B.3.1 Setan objective lens with a magnification of 40 x or 50 x to the optics.

12
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B.3.2 Place an objective micrometer with length of 1 000 um on the stage and observe it using the
optical microscope.

B.3.3 Align the longitudinal direction of the micrometer to the horizontal direction in the field of optics.
B.3.4 Centre the left end of the micrometer and record the stage position.

B.3.5 Shift the stage horizontally until the right end of the micrometer is centred. Record the stage
position.

B.3.6 Calculate the movement of the stage from the change of stage position. Check thatthe calculated
movément of the stage is (1 000 = 10) pm.

B.3.7 Calibrate the vertical length in the same manner as the horizontal procedure!
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