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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-governm

ental, in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft Intermational Stan
the technical committees are circulated to the member bodies for voting. [Publication 3

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of
nall not be held responsible for identifying any or all such patent rights.

yas prepared by Technical Committee ISO/TC 119, Powder metallurgy, Subcommittee
H testing methods for hardmetals.
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Introduction

Many
of the

metallurgical problems require the determination of hardness over very small areas. The special shape
Knoop indenter makes it possible to place indentations much closer together than with a square Vickers

indentation, e.g. to measure a steep hardness gradient. For a given long diagonal length, the depth and area

of the
same

Knoop indentation are known to be only 15 % of what they would be for a Vickers indentation with the
diagonal length

Both |Vickers and Knoop hardness tests were performed for a range of hardmetals, in order to investigate
whether a specific International Standard is really required and if it compensates the limitations qf the Vickers

hard

ess test currently used. Knoop hardness tests were carried out independently in.three institutes (KATS,

Jinil Co., Seoul University) over a period of four months. The results of this test (see-Annex A) show that this

new International Standard regarding the Knoop hardness test is necessary.
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INTERNATIONAL STANDARD

ISO 22394:2010(E)

Hardmetals — Knoop hardness test

1 Scope

This

nternational Standard specifies the method of the Knoop hardness test for hardmetals.

2 Normative references

The

following referenced documents are indispensable for the application~of“this documen

refergnces, only the edition cited applies. For undated references, theclatest edition of th

docu

ISO 4

ISO 4
mach

ISO 4

ment (including any amendments) applies.
545-1, Metallic materials — Knoop hardness test — Part 1: Testinethod

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

545-4, Metallic materials — Knoop hardness test < Part 4: Table of hardness values

t. For dated
b referenced

n of testing

(1)

3 Principle
Forcing a diamond indenter, in the form Gf:a rhombic-based pyramid with specified angles betwgen opposite
faceq at the vertex, into the surface of ‘a_test piece and measuring the long diagonal of the indeptation left in
the sprface after removal of the testioree, F, in accordance with ISO 4545-1.
4 Symbols and designations
4.1 | The Knoop hardness, HK, is given by the quotient obtained by dividing the test force F by fhe projected
area, of the indentation as represented by numerical value Equation (1):

-|K=l-i=0,102-L2=0,102- F =0,102';2=1,451-i2

g4 c-d tan(/fj 0,07028-d d
2 . d2
B
2

where

g is the acceleration due to gravity, in metres per second squared (m/s2), with a constant of 9,806 65;

F s the test force, in newtons(N);

4, s the projected area of the permanent indentation, in square millimetres (mm2);
© 1SO 2010 — All rights reserved
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ﬂ
=0

d is the length of the long indentation diagonal, in millimetres (mm) (see Figure 1);

¢ is an indenter constant which equals , ideally with a constant of ¢ = 0,0702 8;

o is the angle with a value of 172,5° (see Figure 2);

B is the angle with a value of 130° (see Figure 2).

The indentatjon of d is assumed to be a rhombic-based pyramid with a base area as shown in Figlire’] and
having, at the vertex, the same angles as the indenter (see Figure 2).

d

Figure 1 — Projected area of the indentation produced bythe Knoop indenter

Figure 2 — Knoop indenter

4.2 The Knpoop hardness is denoted by the symbol HK preceded by the hardness value and supplemented
by a number|representing the test force.

EXAMPLE 1 Use'of the S| unit (GPa):

40 D LI/ O ON 1 lo ol faWalm olad H ol e 4 b L £ QAO7Z AL /4 | f
- U3Jararing,our = N\TouUp TIdluliTcos U U 4, UTeTTrieUu willt a 1oLt TUTLC Ul I,0UT IN (T RN )

EXAMPLE 2 Use of the Knoop hardness number (no units specified):
— 1 000 HK 1 = Knoop hardness number of 1 000, determined with a test force of 9,807 N (1 kgf).

EXAMPLE 3 The duration of loading, in seconds (s), if different from the time specified in 7.4:

— 1 000 HK 1 = Knoop hardness number of 1 000, determined with a test force of 9,807 N (1 kgf)
applied for 10 s to 15 s;

— 1 000 HK 1/20 = Knoop hardness number of 1 000, determined with a test force of 9,807 N (1 kgf)
applied for 20 s.

2 © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=f41c87d4bf7a7e27a6de2201ac2f32ab

ISO 22394:2010(E)

5 Apparatus
5.1 The testing machine, in accordance with ISO 4545-2, should meet the following requirements:
a) the indentation force should be calibrated to be within 1 % of the nominal value;

b) the indenter should be vertically lowered on the surface of the test specimen at a rate lower than
0,1 mm/s.

5.2 Indenter, a diamond in the shape of a rhombic-based pyramid, as specified in ISO 4545-2.

5.3 Measuring device

5.3.1 The measuring device shall permit an estimation of the diagonal of the indentation to within +0,2 ym.

5.3.2] The device for measuring the diagonal of the indentation shall be calibratedagainst gn accurately
ruled| line scale (stage micrometer) or device of equivalent accuracy. The errors of>the line sgale shall be
known within an uncertainty of 0,2 um.

5.3.3] The verification of the measuring device shall be carried out in accordance with ISO 4545-2.

6 Test pieces
6.1 The thickness of the layer removed from the surface of the test piece shall be not less than 0,2 mm.

The fest shall be carried out on a surface which is free from*foreign matter and, in particular, completely free
from |lubricants. The test surface shall be ground and .pdlished with fine diamond cloths in ofder to avoid
expefimental difficulties and errors owing to rough surface:

Preparation shall be carried out in such a way thatany alteration of the surface hardness, for example, due to
heat pr cold working, is minimized.

In defermining the hardness of a test piece-with a curved surface, a flat surface shall be providgd on the test
piecq on which the hardness test is carried-out.

The test-piece surface and support surface shall be parallel to obtain symmetrical indentations.

6.2 | The prepared test piece(shall be at least 10 times as thick as the indentation depth expecfed under the
chosgn force.
7 Procedure

7.1 | The test is normally carried out at a temperature of 23 °C £5 °C. If the test is carrjed out at a
tempprature ‘outside this range, it shall be noted in the test report.

7.2 | Fhe test force shall be lower than 490,3 N (50 kgf).

7.3 The test piece shall be placed on a rigid support. The support surfaces shall be clean and free from
foreign matter (scale, oil, dirt, etc.). It is important that the test piece be firmly supported so that displacement
cannot occur during the test. Focus the measuring microscope so that the specimen surface can be observed.
7.4 The indenter shall approach the surface within the velocity range of 15 um/s to 70 ym/s.

The time from the initial application of force until the full test force is reached shall not be less than 5s nor
greater than 10 s. The duration of the test force shall be from 10 s to 15 s.

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

7.6 If possible, at least three hardness determinations shall be made on a test piece.

© 1SO 2010 — All rights reserved 3
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7.7 The distance between the limit of any indentation and the edge of the test piece shall be at least 2 times
the short diagonal of the indentation.

The distance between the limits of two adjacent indentations shall be at least 2,5 times the short diagonal of
the indentation. If two adjacent indentations differ in size, the spacing shall be based on the short diagonal of
the larger indentation.

7.8 The satisfactory condition of the indenter shall be verified frequently. Any irregularities in the shape of
the indentation may show the poor condition of the indenter. If the examination of the indenter confirms this,
then the test shall be rejected and the indenter renewed.

7.9 Meas e HHAS v -5
equal to or more than 50 um. The hardness number. |f.orje leg
(one-half) of the long diagonal is more than 10 % longer than the other, or if the ends of the diagonals'a
both in the figld of focus, the surface of the test piece may not be normal to the axis of the indenter. Align the
test piece sufface properly and make another indentation.

7.10 Attentipn is drawn to ISO 4545-4, which contains conversion tables for use in)tests made oh flat
surfaces.

8 Expresgsion of results

Report the agithmetical mean of the hardness values obtained, rounded tg the nearest 10 HK.

9 Testreport

The test repqrt shall include the following information:

a) areferece to this International Standard;

b) all details necessary for identification of the test sample;

c) the result obtained,;

d) all optiofs not specified by this Intefnational Standard, or regarded as optional;

e) details of any occurrence which may have affected the result.

10 Significance

Knoop hardness measurements can be useful in studies of hardness gradients over small regions. However,
the values ghould.not be directly compared with Vickers hardness values. This is an ongoing subjgct of
research (Rgferénce [3] in the Bibliography) and recommendations cannot yet be given as to good practige for
comparison yalues.

4 © 1SO 2010 — All rights reserved
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Annex A
(informative)

Investigation regarding the demand of an International Standard for a

Knoop hardness test for hardmetals

A.1 [Testprocedure
Hardmetal samples employed in this test are commercially available insert materials, the) compositions of
which are listed in Table A.1. The test loads applied are 1 kg to 50 kg. Tests to examine'the distance effect
(see Figures A.1 to A.4) were performed exclusively under 1 kg and 30 kg.
Table A.1 — Composition of the test pieces tised
Tlest-piece number Composition Hardness (HRA)

1 WC-6%Co? 9210 92,6

2 WC-12%Co? 90 to 90,8

3 TiICN(WC/MoC/TaC)-17%(Ni/Co)? 92,4 to 93
a Percentages are mass fractions.
Both|Vickers and Knoop hardness tests were-performed in order to compare the two tests |employed in
hardmetals. Both tests were made at various‘loads of 5 kg to 50 kg, and 7 readings were taken ynder a given
condition. Indentations were separated at a'sufficient distance so as not to be influenced by each|other.
Knoop hardness values were measured while increasing the distance from the adjacent indentatipn as well as
while| increasing the distance from) the edge of the sample. The distance is expressed in terms jof number of
timeq the short diagonal of the\impression (see Figures A.1 to A.4).
A.2 |Test results
A.2.1 Comparison of Vickers and Knoop values
Hardpess values in Table A.2 marked with the footnote “@” represent when a crack was formef around the
imprgssion made by the indenter. Whereas no crack was found in the Knoop sample, most of the Vickers

sample reveals crack formation around the indentation, regardiess of the loads applied. The m

crographs in

Figures A.5to A.7 are taken under various situations, showing the formation of a hair crack around the
Vickers indentation.

©I1SO
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Figure’A.2 — Knoop hardness values (HK 1) at the various distances between
the limits of two adjacent indentations
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A.2.2 Proximity effects — Adjacent indents

Knoop hardness values under the applied load of 30 kg (HK 30) are plotted against the distance
adjacent indentations in Figure A.1.

In the case of WC-6 %Co [see Figure A.1a)], the Knoop hardness value has a tendency
decrease when increasing the distance between the indentations. However, the result of institute
the decreasing tendency may be substantially mitigated (or disappears) when further increasing

between two

to gradually
A shows that
the distance

over 4 times the short diagonal. WC-12 %Co [see Figure A.1 b)] shows the same trend as Figure A.1 a),

except for the fact that Figure A.1 a) reveals wider scatter of data points.

ound around
he edge was
iggonal of the
through the

-14 %Co (mass

bf 7 kg to 8 kg. Knoop hardness testing has an advantage over Vickers hardness testing in

r indentation is allowed for a given accuracy of diagonal measurement.)ln order to obta
Knogp hardness value, Figures A.1 and A.2 suggest that the distance between the adjacent
should be at least 4 times the short diagonal.

smal

A.2.3 Proximity effects — Closeness to edges
Figure A.3 gives Knoop hardness values (HK 30) when increasing the distance from the edge of {
The hardness values are nearly constant, and not dependent on the distance covered in Figure A

The hardness values could not be measured within a_eggrtain region from the edge of the specime
local [fracture in this brittle hardmetal, brought about;by the impression made by the indenter.
exterided to 7 times the short diagonal in the case-of WC-6 %Co [see Figure A.3 a)], whereas it i
short|diagonal in the case of WC-12 %Co [see«Figure A.3 b)]. Considering the brittleness of the s
load ppplied seems to be too high for proper-evaluation. Lighter loads should be applied for a
assegsment.

Figun
steeq
attain
diagd

e A4 shows the results obtained under the applied load of 1 kg (HK 1). The Knoop ha
ly increases when increasing the distance from the edge of the specimen until a cons
ed. In the region at a distance away from the edge of the specimen of more than 3 tin
nal of the indentation,(the hardness value seems to be nearly constant.

A.3 |Summary.

The
hard

stablishment of this International Standard was necessary to compensate for the limitation g
ess, test(crack formation around the Vickers indentation).

r the applied
that a much
n a constant
indentations

he test piece.
3.

n because of

The region is

5 3 times the
pecimen, the
more critical

dness value
tant value is
es the short

f the Vickers

The minimum distance between the limits of two adjacent indentations shall be at least 4 tin

es the short

diagonal of the indentation. The minimum distance between the limit of any indentation and the edge of the

test piece shall be at least 3 times the short diagonal of the indentation.

© 1SO 2010 — All rights reserved
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a) HK 30, 30 kg ‘],({’b

@ b) HV 10, 10 kg

c) HV 30, 30 kg

Figure A.5 — Test piece 1 —- WC-6 %Co (mass fraction)

12 © 1SO 2010 — Al rights reserved
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a) HK 30, 30 kg ({/b

@‘ b) HV 10,10 kg

c) HV 30, 30 kg

Figure A.6 — Test piece 2 - WC-12 %Co (mass fraction)
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