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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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the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor the
bes of ISO documents should be noted. This document was drafted in accordande\with the
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 bé the subj¢ct of
s. ISO shall not be held responsible for identifying any or all such patent rights. Detafils of
ights identified during the development of the document will be in the)Introduction aid/or
st of patent declarations received (see www.iso.org/patents).
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hation on the meaning of [SO specific terms and expressions related to conformity assessment,
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rriers to Trade (TBT) see the following URL: wwwiSo.org/iso/foreword.html.

tee responsible for this document is ISO/TC 206, Fine ceramics.

lition cancels and replaces the second edition (ISO 14705:2008), which has been technjcally
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Fine ceramics (advanced ceramics, advanced technical
ceramics) — Test method for hardness of monolithic
ceramics at room temperature
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Terms and definitions

feramics at room temperature.

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 latest edition of the referenced document (including any amendme

545-1, Metallic materials — Knoop hardness test — Part 1: Tést method

}545-2, Metallic materials — Knoop hardness test — Part 2: Verification and calibrati
ines

545-4, Metallic materials — Knoop hardness test<~"Part 4: Table of hardness values
507-1, Metallic materials — Vickers hardnesstest — Part 1: Test method

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

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

nd IEC maintain terminological databases for use in standardization at the following ¢

IEC Electropédia: available at http://www.electropedia.org/

ISO Onlin&browsing platform: available at http://www.iso.org/obp

ershardness

e obtained by dividing the applied force by the surface area of the indentation comput

document specifies a test method for determining the Vickers and Knoop hardness off monolithic

heir content
applies. For
hts) applies.

bn of testing

bn of testing
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undeformed indenter

Note

1 to entry: Vickers hardness may be expressed in two different units:

1print of the

a) with unit GPa, obtained by dividing the applied force in N by the surface area of the indentation in mm?;

b) Vickers hardness number, obtained by dividing the applied force in kgf by the surface area of the
indentation in mm?2.
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enter

indenter in the shape of a right-angle pyramid with a square base and an angle between opposite
faces of 136°

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

3.3

Knoop hardness
value obtained by dividing the applied force by the projected area of the indentation computed from the
measurement of the long diagonal of the indentation, assuming that the indentation is an imprint of the

Lpn | i
IO CTICCT

undeforme
Note 1 to ent

a) with unit|

y: The Knoop hardness may be expressed in two different units:

5 of GPa, obtained by dividing the applied force in N by the projected area of the indeftation in

b) Knoop hardness number, obtained by dividing the applied force in kgf by the projected area of the indent

in mm2, with

3.4

Knoop ind¢
indenter in
172,5° and 1

Note 1 to ent

4 Vicker

4.1 Pring

Forcing a dij
angle betwsg
the diagona

put units specified.

nter
the shape of a rhombic-based pyramid with the two anglesdetween the opposite edg
30°

"y: See Table 3 and Figure 6.

s hardness

iple

hmond indenter in the form of a right-angle pyramid with a square base, and with a speq
en opposite faces at the vertex inte‘the surface of a test piece and measuring the leng
|s of the indentation left in the surface after removal of the test force, F. See Figure 1

mm2;

ation

es at

ified
th of
| and

bwed

Figure 2.
4.2 Symbols, abbreviated terms and designations
4.2.1 See Table 1, Figure 1‘and Figure 2.
4.2.2 ThelVickers hardness is denoted by the symbol HV, preceded by the hardness value and foll
by a number representing the test force (see Table 2).
Examples:
a) Use of SI unit (GPa):
15,0 GPa HV 9,807 N represents a Vickers hardness of 15,0 GPa, determined with a test force of
9,807 N (1 kgf)
b) Use of the Vickers hardness number (no units specified):

1 500 HV 1 represents a Vickers hardness number of 1 500, determined with a test force of 9,807 N

(1 kgf).
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Table 1 — Symbols, abbreviated terms and designations for Vickers hardness testing

Symbol or
abbreviated Designation
term
a Angle between the opposite faces at the vertex of the pyramidal indenter (136° + 0,5°)
F Test force, in newtons
d Arithmetic mean, in millimetres, of the two diagonals, d1 and d;
HV Vickers hardness
L Test force
Surface area of indentation
a) Units of GPa
2F sin 136 F
=0,001———2 =0,001 854—
d? d?
b) Hardness number (no units specified)
2F sin 136 F
=0,102——2 -0,1891—
d? d?
c Arithmetic mean of the half of the two median efack lengths, 2¢1 and 2¢;
SD Standard deviation
_ D HV,
HV s the arithmeticunean of the Vickers hardness = ;
n
HV, isthe HViobtained from nth indentation;
n is themumber of indentations.
NOTE Constant :l = L £0)102, where g is the acceleration due to gravity.
g 9,807
Table 2 — Hardness symbols and the nominal values of test forces, F, for Vickers hardness testing
Hardness symbol TesF force, F
(nominal value)
HV 0,5 4903 N
HV 1 93807 N
HV 2 19,61 N
HV 3 29,42 N
HV 5 49,03 N
HV 10 98,07 N
HV 20 196,1 N

© IS0 2016 - All rights reserved 3
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Figure 1 — Vickers indenter (diamond pyramid)
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Figure 2 — Vickers indentation

4.3 Significance-and use

Vickers indgntation diagonal lengths are approximately 2,8 times shorter than the long diagonal
of Knoop indentations, and the indentation depth is approximately 1,5 times deeper than Khoop
indentations made at the same force. Vickers indentations are influenced less by the specimen surface
flatness, parallelism of the diamond axis to the test piece surface normal, and surface finish than Knoop
indentations, but these parameters should be considered nonetheless. Vickers indentations are much
more likely to cause cracks in fine ceramics than Knoop indentations. Conversion between hardness
scales shall not be made.

Vickers indentations on metallic materials are mainly formed by the plastic deformation. However,
Vickers indentations on fine ceramics are formed by micro-cracking and micro-fracture, besides plastic
deformation. This difference shall be noted for comparing the hardness of metals and ceramics.

4 © IS0 2016 - All rights reserved
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Apparatus

4.4.1 Testing machine, capable of applying a predetermined test force in the range of 4,903 N (0,5 kgf)
to 98,07 N (10 kgf), preferably 9,807 N (1 kgf), in accordance with ISO 6507-2. Verification of the test
force shall be carried out in accordance with ISO 6507-2.

4.4.2 Diamond indenter, in the shape of a right-angle pyramid with a square base, as specified in
ISO 6507-1 and ISO 6507-2. Verification of the indenter shall be carried out in accordance with ISO 6507-2.

4.4.3 Measuring device, capable of measuring the indentation diagonals with a readout resolution

of *(|
micr
with

NOT]H
with

4.5

4.5.1
test
Prep
Surfd
remd

4.5.2
of th
shall

4.6

4.6.1
Testq

4.6.2
occu
(20 K
the g
of th

4.6.3

,2 um or finer. A numerical aperture (NA) between 0,60 and 0,95 for the objective

[SO 6507-2.

Indirect verification can be carried out by means of standardized blocks calibrated i

Test pieces

piece shall be polished to permit accurate measurement of the diagonal lengths of the

ved by suitable polishing or annealing procedures.

The thickness of the test piece shall be at léast 0,5 mm. It shall be at least 1,5 times
b indentation, d, and at least 2 times the crackdength, ¢, whichever is greater. No indenta
be visible at the back of the test piece upen completion of the test.

Procedure

In general, the test shall<bg carried out at room temperature within the limits of 10
carried out under controlled conditions shall be made at a temperature of 23 °C + 5 °C|

The test force shall'be 9,807 N (1 kgf). In cases where significant chipping or lateral cj
s or where the ilapression is too faint, the test forces within the range 4,903 N (0,5 kgf
gf), listed in Table 2, may be used. Other instances where a heavier load may be require
rain structuré is very coarse and the indentation area at lower loads may contact only
e material (e.g. a multiphase material).

The following items shall be confirmed before the test.

pscope is recommended. Verification of the measuring device shall be carried ouit. in|

S0 6507-3, following ISO 6507-2, or other approved and traceable ceramic stantlard reference

The test shall be carried out on a surface which is smoothy flat and free from foreign

hration shall be carried out in such a way that any alteration of the surface hardness if
ces shall not be thermally or chemically etched. If, applicable, residual surface stres

lens for the
accordance

h accordance
blocks.

matter. The
indentation.
minimized.
ses shall be

the diagonal
kion damage

°C to 35 °C.

ack-spalling
) to 196,1 N
d are where
a few grains

a)
b)
‘)
d)

Check the zero of the measuring system.

the indenter, if necessary, by taking into account the conditions given in 4.6.10.

e)

range as expected during tests on ceramics.

Check the measuring system using a calibrated scale or certified indentation in a test block.
Check the operation of the loading system by performing a test on a certified test block.

Check the condition of the indenter by examining the indentation made in the test block. Replace

A test block with high hardness has to be used in order to obtain impressions in the same size

4.6.4 Theindenter shall be cleaned prior to and during the test series, as ceramic powders or fragments

from

© ISO

the ceramic test piece can adhere to the diamond indenter.
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4.6.5 The testpiece shall be placed on a rigid support. The support surface shall be clean and free from
foreign matter. It is important that the test piece lies firmly on the support, so that displacement cannot
occur during the test.

4.6.6 Carefully adjust the illumination and focusing conditions, in order to obtain the optimum view
and clarity of the indentation. Both indentation tips shall be in focus at the same time. Do not change the
focus when measuring the distance from tip to tip.

4.6.7 Bring the indenter into contact with the test surface and apply the test force in a direction
perpendicular to the surface, without shock or vibration, until the applied force attains the specified

value. The tj
than 1 s nor

4.6.8 Thr

4.6.9 The
least 2,5 tin]
as shown in|

oreater than 5 s. The duration of application of the constant maximum test force shall ‘be|
ughout the test, the apparatus shall be protected from shock or vibration.

distance between the centre of any indentations and the edge of the test'piece shall
es the mean diagonal of the indentation, and at least 5 times the mean length of the ¢
Figure 3. The distance between the centres of two adjacent indentations shall be at

p less
15s.

be at
rack,
least

4 times the mean diagonal of the indentation, and at least 5 times the mean léngth of the crack, as slhhown

in Figure 3.

mean diagonal of the larger indentation and the longer crack length.

f two adjacent indentations differ in size and crack length, the spacing shall be based o

A
Y

Y
A
A

n the

Key

NCRN

edge of test piece
indentations

¢ length from the centre of indentation to the end of crack

length of indent diagonal

[1 distance

between centres of indentations

l1 = 4d and 5c¢

I distance
I >2,5d

from centre of indentation to the edge of sample
and 5¢

Figure 3 — Closest permitted spacing between indentations and from indentation to the test

piece edge for Vickers indentations
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4.6.10 The satisfactory condition of the indenter shall be verified frequently. Any irregularities in the
shape of the indentation may indicate chipping, cracking or other deterioration of the indenter. If the
examination of the indenter confirms this, then the test shall be rejected and the indenter replaced.

4.6.11 If there is excessive cracking from the indentation tips and sides, then the indentation shall be
rejected and go unmeasured. If one of the tips of an indentation falls into a pore, the indentation shall be
rejected. If the indentation lies in or on a large pore, the indentation shall be rejected. Figure 4 provides
guidance on this assessment.

4.6.12 Measure the length of the two diagonals to within 0,2 pm for diagonals less than 50 um, or to
withj i i i adings shall
be tdken for the calculation of the Vickers hardness. If the difference of the two diagonal§is more than
5 % ¢f the mean value (see Figure 4), the result shall be rejected, and a check made of the paiallelism and
flatness of the test piece, and of the alignment of the indenter. Follow the manufactuter’s [instructions
very |carefully, with regards to the proper usage of the measuring crosshairs. Figute 5 is provided for
guidance. The use of optical methods to enhance contrast (like Nomarski interferences) is nqt permitted.

4.6.1
docu

3 Atleast five valid indentations shall be made for obtaining a mean résult in accordace with this
[ment.

4.6.1
Calcy

hard

4.6.1

4.7

The
vary

Vickd
empl]
exce]

4 Calculate the Vickers hardness, HV, for each valid indentation, using the formuls
[late the mean hardness for all valid indentations and the‘standard deviation. The calcul
hess shall be expressed with three significant numbers-\(e.g. 15,4 GPa HV 9,807 N or 154

5 Alternatively, see ISO 6507-4 for conversion tables for use in tests made on flat surfa

Accuracy and uncertainties

principal errors arising in a Vickers_hardness test on advanced monolithic technig
in magnitude according to the sizé-of the indentation, and thus the indentation forg
brs diamond geometry was originally chosen because natural cleavage planes of the di
oyed. Variations in geometry between indenters are therefore small, and can usually
bt when indentations are-ofiless than 20 pum diagonal length where the tip and edg

tip nmpay be variable between indenters. In particular, the edges may have flats up to 1 p

then]
insig

size

Dete
relie

subijd

size
high

, and this has the effect of cutting the corners off the indentation. The error that this i
nificant if the indentation is larger than about 30 um, but increases rapidly in impor
s reduced.

Fmination of<¢he diagonal lengths using cross-wires or other device attached to the

in Table 1.
ated Vickers
0HV1)

ces.

al ceramics
e used. The
hmond were
' be ignored
res near the
M across on
ntroduces is
tance as the

instrument

5 on the©Operator positioning them at the “true” opposing corners of the indentatio

. There is a

ctive element in performing this task which increases with poor optical contrast apd reducing
pf the(indentation. The possible errors can be reduced by experience, and by consistent use of
handness, preferably ceramic or hardmetal, test blocks to familiarize the eye at fthe start of

measUurement Sessions. In this way, any systematic measurement bias can be reduced. In a round-robin
exercise on high-alumina ceramicsl4], it was found that when two individuals measure the same set
of indentations on different measurement equipment, a poor correlation was obtained unless the true
sizes of the indentations varied by more than 1 pm. It follows that, discounting differences between
machines, it cannot be guaranteed that any two observers will agree that one material is significantly
harder than another unless the average indentation sizes are systematically smaller by more than
1 pm. Thus, even if it is possible to measure the indentation diagonal length to an apparent precision of
0,1 pm, or the optical resolution limit if larger, the ability to discriminate between materials is limited
to an order of magnitude greater in size. Errors of this size assume significance when the indentation
size is less than about 20 um. In addition, there is the actual scatter in indentation sizes as a result of
local microstructure variations such as grain size, grain orientation, secondary phase content, micro-
cracking, porosity, etc. In a very uniform and homogeneous, hard, fine-grained material, the scatter in
actual indentation sizes may be less than the potential measurement errors, and thus not be discernible.
In a less-homogenous material, the true indentation size may vary significantly. In such a case, the

© IS0 2016 - All rights reserved 7
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mean result may be determined by the choice of measurement position, deliberate or inadvertent.
The certainty of mean result can be improved only by increasing the number of indentations, but the
possibility of a human bias remains. The discrimination between inhomogeneous materials is poorer
than for homogeneous ones. The use of the scanning electron microscope is not recommended for a
number of reasons. The principal ones are that the topographic contrast produced by an indentation is
not great, that the edges and corners are not always clearly defined, and that the actual magnification
of the image requires careful calibration and checking for distortion in both directions.

In summary, the systematic and material inhomogeneity errors may be minimized by employing the
highest possible measurement force consistent with no chipping or displacement of corners of the
indentation. Under such conditions, the discrimination between materials is greatest. Tests at HV 1,0

represent ammmmﬁﬁﬂrn&
At greater fprces, problems with quality of indentations can make measurement impossible for-inany
materials, eyen though errors may be proportionately smaller. Even so, the possible errorsyeontrjbute
typically +0}7 GPa in hardness (¥70 in hardness number) as a confidence level. Microhardness tests are
subject to much larger overall errors, typically £2,0 GPa in hardness (+200 in hardness\aumber) (10 %

to 15 %) cah be expected at HV 0,2, and greater at lower forces, and should not bejused for any test
required for a specification.

4.8 Testreport
The test replort shall include the following information:
a) areference to this document, i.e. ISO 14705:2016;
b) an inforjmation on the test piece;
c) the test|conditions, i.e.:
1) thidkness of test piece;
2) test force, if different from 9,807 N (1 kgf), Substatiate;
3) surface condition (polishing method; describe other treatments);
4) tesftemperature, or certificatien that the test was done at “room temperature”;

5) the[number of valid indentations and the total number of indentations made to obtain these
valid indentations;

6) magnification of mieroscope;
d) the resylt obtained:
1) indlvidualwalid Vickers hardness values;

2) arithmetic mean of the Vickers hardness;

3) standard deviation (SD) of the Vickers hardness;
e) all operations not specified by this document or regarded as optional;

f) details of any circumstances (such as extensive cracking or chipping, porosity, multiphase nature
of the material, coarse grain size, etc.) which may have affected the result.

8 © IS0 2016 - All rights reserved
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3
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a) Acceptable indentations

%} O {;30

4° 5

&0

O

9 10

b) Unacceptable indentations

howed edges 6 tip region displaced

porosity 7  chipping and ragged edges

large tip cracks 8 ragged edges (grain displacement, pullouts)
asymmetrical 9  poreattip

spalled edges 10 indentation on a large pore

Permissible degree of asymmetry, as defined in 4.6.12.

Figure 4 — Guidelines for the acceptability of Vickers indentations
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b) Correct
tween two g
each crossha
as shown orl

Y

double crosshair measurement system. The indentation is intended to be measured be-
rosshairs or measuring tines. Indentation tips should be on the inside edge (in the fringe) of
iir. The measuring system is zeroed by bringing together the adjacent edges of the crosshairs,

the right.

Figure 5 (continued)

10
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NI\

Z

brrect, single crosshair and some double crosshair measurementsystems. The ing
the same side of the crosshair line(s). For a single crosshair systeim,the measuring syst

lentation tip
bm is zeroed

when the crosshair is correctly positioned on one indentation tipy or-with both lines superimposed in a

double crosshair system, as shown on the right.

Key

1

q

4

Bow N R

5 Knoop hardness

5.1

Forc

oppg
diag

5.2

drosshair

fght fringe (size is exaggerated)
etting to zero
ip in the fringe

Figure 5 — Crosshair measurement systems for Vickers indentation

Principle

ng a diamond{indenter, in the form of a rhombic-based pyramid with specified ang
site ridges_atthe vertex, into the surface of a test piece and measuring the length
nal of theiinidentation left in the surface after removal of the test force, F. See Figure 6 3

les between
of the long
nd Figure 7.

Symbols and designations

5.2.1 See Table 3, Figure 6 and Figure 7.

5.2.2 Knoop hardness is denoted by the symbol HK, preceded by the hardness value and supplemented
by a number representing the test force (see Table 4).

Examples:

a) Use of SI unit (GPa):

15,0 GPa HK 9,807 N represents a Knoop hardness of 15,0 GPa, determined with a test force of
9,807 N (1 kgf)

b) Use of the Knoop hardness number (no units specified):

© ISO

2016 - All rights reserved
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1 500 HK 1 represents a Knoop hardness number of 1 500, determined with a test force of 9,807 N

(1 kgf).

Table 3 — Symbols, abbreviated terms and designations for Knoop hardness testing

where a and f] are.the angles between the opposite edges (see Figure 6).

Symbol or
abbreviated Designation
term
F Test force, in newtons
d Length, in millimetres, of the long diagonal
k frdenterconstant; T cldtiug 528 chx,tt:d arcaof thetmdentationrtothe Square ofthe lcugth of the
long diagonal
HK Knoop hardness
Test force
= Constant x - -
Surface area of indentation
a) units of GPa
=0,001 ZL = 0,001;2 =0,014 23i2
d°-k 0,07028-d d
b) hardness number (no units specified)
=0,102 2F = 0,102;2 = 1,451£2
d°-k 0,07028-d d
SD Standard deviation
— 2
> (HK-HK, |
B n-1
where
_ D HK,
HK isthe arithmetic mean of the Knoop hardness = =——;
n
HK, isthe HK obtained from nth indentation;
n is the number of indentations.
NOTE Constant= 1 = L =0,102,where g is the acceleration due to gravity.
g 9,807
tanﬁ
2
Indenter constant k = <=2
Ztan%

The values of @ and f specified in [SO 4545-2 are @ = 172,5° £ 0,1°and /= 130° £ 0,1°.

12
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Table 4 — Hardness symbols and nominal values of test force, F, for Knoop hardness testing

Hardness symbol Test force, F
(nominal value)

HK 0,1 09807N
HK 0,2 1,961 4N
HK 0,3 2,942 1N
HK 0,5 4903 N

HK 1 9,807 N

HK 2 19.61 N

HK 5 49,03 N

F

Figure 6 — Knoop indenter

1 d -
= =1

Figure 7 — Knoop indentation

5.3 Significance and use

For fine ceramics, the Knoop long diagonal length is approximately 2,8 times longer than the Vickers
diagonal for the same load, and cracking is much less of a problem. On the other hand, the tip of a Knoop
indentation is more difficult to discern precisely. A Knoop indentation is shallower than a Vickers
indentation made at the same load. Conversion between hardness scales shall not be made.

Knoop indentations on metallic materials are mainly formed by plastic deformation. However, Knoop
indentations on fine ceramics are formed by micro-cracking and micro-fracture, besides plastic
deformation. This difference shall be noted for comparing the hardness of metals and ceramics.

© IS0 2016 - All rights reserved 13
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5.4 Apparatus

5.4.1 Testing machine, capable of applying a predetermined test force in the range of 0,980 7 N
(0,1 kgf) to 49,03 N (5 kgf), preferably 9,807 N (1 kgf) or 19,61 N (2 kgf), in accordance with ISO 4545-2.
Verification of the test force shall be carried out in accordance with ISO 4545-2.

5.4.2 Diamond indenter, in the shape of a rhombic-based pyramid, as specified in ISO 4545-1 and

ISO 4545-2.

Verification of the indenter shall be carried out in accordance with ISO 4545-2.

5.4.3 Measuring device, capable of measuring the indentation diagonal with a read-out resolution

of 0,2 um o
microscope
with ISO 454

NOTE In
with ISO 454

5.5 Test pieces

5.5.1 The
test piece sh
Preparation
Surfaces shj
removed by

5.5.2 The
the back of

5.6 Procg

561 Ing

Tests carried out under controlled conditions shall be made at a temperature of 23 °C £ 5 °C.

5.6.2 The
greater pred
if cracking i
case of a sp¢

listed in Table 4, may be.used.

5.6.3 The

I finer. A numerical aperture (NA) of between 0,60 and 0,95 for the objective lens. g
is recommended. Verification of the measuring device shall be carried out in actaord
15-2.

b-3, following 1SO 4545-2, or other approved ceramic standard reference blocks|

all be polished to permit accurate measurement of the didgonal lengths of the indents
shall be carried out in such a way that any alteration of the surface hardness is minin
1l not be thermally or chemically etched. If applicable; residual surface stresses shg
suitable polishing or annealing procedures.

he test piece upon completion of the test.
tdure

eneral, the test shall be carried-otit at room temperature within the limits of 10 °C to 3

test forces shall be 9,807°'N (1 kgf) and 19,61 N (2 kgf). Test force 19,61 N (2 kgf) will
ision; 9,807 N (1 kgf)may be used if the higher test force is not available on the appat

a problem, or ifitis preferred for a specific requirement. If cracking is a problem, or i
bcific requirenient, the test forces within the range of 0,980 7 N (0,1 kgf) to 49,03 N (5

following items shall be confirmed before the test.

test shall be carried out on a surface which is smooth, flat and free from foreign matter

f the
ance

direct verification can be carried out by means of standardized blocks calibrated in accordlance

The
ition.
ized.
11 be

thickness of the test piece shall be at least 0,5timm. No indenting damage shall be visilple at

5 °C.

have
atus,
n the
kgf),

a) Checkt

héZero of the measuring system.

b)

c)
d)

Check the measuring system using a calibrated scale or certified indentation in a test block.

Check the operation of the loading system by performing a test on a certified test block.

the indenter, if necessary, by taking into account the conditions given in 5.6.10.

e)

range as expected during tests on ceramics.

Check the condition of the indenter by examining the indentation made in the test block. Replace

A test block with high hardness has to be used in order to obtain impressions in the same size

5.6.4 The indenter shall be cleaned prior to and during the test series, as ceramic powders or fragments
from the ceramic test piece can adhere to the diamond indenter.
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5.6.5 The test piece shall be placed on a rigid support. The support surface shall be clean and free from
foreign matter. It is important that the test piece lie firmly on the support, so that displacement cannot
occur during the test. The surface of the test piece being tested shall be on a plane normal to the axis of
the indenter.

5.6.6 Carefully adjust the illumination and focusing conditions to obtain the optimum view and clarity
of the indentation. Both indentation tips shall be in focus at the same time. Do not change the focus when
measuring the distance from tip to tip.

5.6.7 Bring the indenter into contact with the test surface and apply the test force in a direction

perp
valug
than

5.6.9

5.6.9
in Fig
then
edge

5.6.1
shap
exarn

5.6.1
unm
indel
asses

5.6.1

errdicutar—to—thre—surface;, withoutshockor-vibratiomuntit-the—apptied-forceattains
. The time from the initial application of the force until the full test force is reached,;sha
1 s nor greater than 5 s. The duration of application of the test force shall be 15 s.

Throughout the test, the apparatus shall be protected from shock or vibration.

Allow a distance of at least 1,5 times the long diagonal length betwgen the indentatio
ure 8. If there is evidence of interaction between lateral cracking (ffem the sides of the i
the spacing shall be increased. The minimum distance between thelimit of any indenta
of the test piece shall be at least 1,5 times the long diagonal of the indentation.

P

0 The satisfactory condition of the indenter shall be vetified frequently. Any irregulz

lination of the indenter confirms this, then the test shall be rejected and the indenter re

1 If there is excessive cracking from the indentation sides, the indentation shall be rej
basured. If one of the tips of an indentation\falls into a pore, the indentation shall be re
itation lies in or on a large pore, the indentation shall be rejected. Figure 9 provides gui
sment.

2 Measure the length of the long-diagonal to within 0,2 pm for less than 50 pm, or to w

he specified
I not be less

ns as shown
ndentation),
tion and the

rities in the

e of the indentation may indicate chipping, cracking otyother poor conditions of the indlenter. If the

placed.

bcted and go
ected. If the
Hance in this

ithin 0,5 pm

s number. If
 9), or if the
be normal to
1. Follow the
b crosshairs.

for efjual to or more than 50 um<The length is used for the calculation of the Knoop hardne;s
one leg (one-half) of the long diagonal is more than 10 % longer than the other (see Figure
ends|of the diagonals are notbbth in the field of focus, the surface of the test piece may not I
the axis of the indenter. Align the test piece surface properly and make another indentatior
mantifacturer’s instructions very carefully with regards to the proper usage of the measurin

Figure 10 is provided, fer guidance.

5.6.13 At leastfive valid indentations shall be made for obtaining a mean result in accordamnce with this
docujment.

5.6.14-Calculate the Knoop hardness, HK, for each valid indentation, using the formuldq in Table 3.

Calculate the mean hardness for all valid indentations and the standard deviation. The calculated Knoop
hardness shall be expressed with three significant numbers (e.g. 15,4 GPa HK 9,807 N or 1520 HK 1)

5.6.15 See ISO 4545-4 for a table of values for use in tests made on flat surfaces.

5.7 Accuracy and uncertainty

The Knoop test is conducted in the same manner as the Vickers test, except that only the long diagonal
is measured. Since the indentation is much shallower than the Vickers indentation, the angle of
intersection of the indentation surfaces with the original surface is small, and the optical contrast this
produces in conventional measurement systems tends to be poorer than in the Vickers case. Possible
measurement errors and biases are thus much larger, and as the round-robin exercisel4] demonstrated,
the fractional error in the test results is similar to or greater than that for Vickers tests at the same
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force. Thus, although the HK test is sometimes recommended as being more benign to the material and
covering more microstructure because of the greater length of the diagonal than in the Vickers case,
the human element cancels out any advantages. The tendency for generating cracks at the tips of the
long diagonal provides additional visual uncertainty for the observer.

The comments made in 4.7 concerning use of the scanning electron microscope also apply to Knoop tests.

Since Knoop tests are generally conducted at forces derived from masses of or less than 2,0 kg, the
errors in measurement at HK 1,0 could be +1,0 GPa (*100 in hardness number) (typically 5 % to 8 %)

rising to 2,

5 GPa (¥250 in hardness number) (typically 10 % to 15 %) at HK 0,2.

5.8 Test]
The test rep|
a) arefere

b) an infor

c) thetest
1) thig

2) test

3) sur

4) test

5) the
valj

6) mag

d) theresy
1) ind

2) arif]
3) stal
e) all oper

f) details
of the m]

Feport

ort shall include the following information:

nce to this document, i.e. ISO 14705:2016;

mation on the test piece;

conditions:

kness of test piece;

force, if different from 0,980 7 N (1 kgf) or 19,61 N (2 kgf);.substatiate;

Face condition (polishing method; describe other treatments);

temperature, or certification that the test was detf€ at “room temperature”;

number of valid indentations and the total-niimber of indentations made to obtain {
d indentations;

bnification of microscope;

It obtained:

vidual valid Knoop hardness\values;

hmetic mean of the Kndop hardness;

1dard deviation (SD)-of the Knoop hardness;

htions not specified by this document or regarded as optional;

bf any cireumstances (such as extensive cracking or chipping, porosity, multi-phase n4
aterial, eoarse grain size, etc.) which may have affected the result.

hese

iture
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