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Standard Test Method for

Knoop Indentation Hardness of Advanced Ceramics’

This standard is issued under the fixed designation C1326; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (g) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the determination of the Knoop
indentation hardness of advanced ceramics. In this test, a
pointed, rthombic base, pyramidal diamond indenter of pre-
scribed shape is pressed into the surface of a ceramlc with a
predetermined force to produce a relatively smaH-germanem
indentation. The surface projection of the long diagqmad ©f the
permanent indentation is measured using a lightemigroseape.
The length of the long diagonal and the appligd forcpsare peed
to calculate the Knoop hardness which reprégeht$the m3gtial’s
resistance o penetration by the Knoop ifdehidr R

Yo

1.2 The values stated in SI units aré."be regarded‘ as

(849 Test Method for Knoop Indentation Hardness of Ce-
ramic Whitewares

E4 Practices for Force Verification of Testing Machines

E177 Practice for Use of the Terms Precision and Bias in
ASTM Test Methods

E384 Test Method for Knoop and Vickers Hardness of
Materials

E691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method

TEEE/ASTM 51 10 Standard for Use of the International
System of Units (SI) (The Modern Metric System)

2.2 European Standard:

e s LaBM ENV 843-4 Advanced Technical Ceramics, Monolithic

standard. No other units of measuremenc :tre included in this * 222322 ¢

standard. M g
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1.3 Units—When Knoop and Vickers hatingsgss fests wete e

developed, the force levels were, sgt:dﬁqct L onls pfdrampe

force (gf) and kilograms-forgakfy. THi§ Sidintd specifies
the units of force and lengtheidy the, IRehaLidAA System of

Units (SD); that is, force j§ g&hddns {81 4dd Jedath in mm or

seven G:e;amwb, Mechanical Properties at Room Temperature,

LR R N

¢+ + Partede Vickers, Knoop, and Rockwell Superficial Hard-

" pess Tests’

23:80 Standard:
ASE29385 Glass and Glass Ceramics—Knoop Hardness
R

s 080

cede ﬁ‘érmmology

um. However, because p¥ 8¢ historical frddédeht and contin- ¢ 353

ued common usage, dokdes ¥alues in gfedikd kef units aré
occasionally provided dos mf'osmatlon This iai inethod speci-
fies that Knoop hardnés:s:ﬁé $oy ¥ied eithes 4 amiits of GPa or

o900
0..

as a dimensionless Knoop-hardness-numben s B33
1.4 This standard does nd! purport 1p addr’ess alk ol dhe

safety concerns, if any, associated willis its use. < lfs s the
responsibility of the user of this standard o sasialdistie@ppro-
priate safety and health practices and d@tenmm:t%e:(g?phca—

bility of regulatory limitations prior 10 use.s .

2. Referenced Documents

2.1 ASTM Standards:*
(C730 Test Method for Knoop Indentation Hardness of Glass

"' This test method is under the jurisdiction of ASTM Committee C28 on
Advanced Ceramics and is the direct responsibility of Subcommittee C28.01 on
Mechanical Properties and Performance.

Current edition approved Aug. 1, 2013. Published October 2013. Originally
approved in 1996. Last previous edition approved in 2008 as C1326 - 08"'. DOI:
10.1520/C1326-13.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.
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3.1 Definitions:

3.1.1 Knoop hardness numbes -(HK ), n—an expression of
hardness-@btamed by leldmg-the dorce applied to the Knoop
indenter -by« the projected ama-of the permanent impression
made; Dyethe indenter. ¢ ceee

3.1.2¢ Knoop. indentel.® newa sthombic-based pyramidal-
shapeé *diamongleindenter wiﬁ sadge angles of 172° 30" and
130° 00

tc‘.."‘

4. Summary of Test Method

4.1 This test method describes an indentation hardness test
using a calibrated machine to force a pointed, thombic base,
pyramidal diamond indenter having specified face angles,
under a predetermined force, into the surface of the material
under test and measures the surface projection of the long
diagonal of the resulting impression after removal of the load.

Note 1—A general description of the Knoop indentation hardness test

3 Available from European Committee for Standardization (CEN), 36 rue de
Stassart, B-1050, Brussels, Belgium, http://www.cenorm.be.

* Available from International Organization for Standardization (ISO), 1, ch. de
la Voie-Creuse, Case postale 56, CH-1211, Geneva 20, Switzerland, http://
www.iso.ch.
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is given in Test Method E384. The present test method differs trom this
description only in areas required by the special nature of advanced
ceramics.

Note 2—This test method is similar to Test Methods C730 and C849,
but differs primarily in the choice of force and the rate of force application.
In addition, the length correction factor for the resolution limits of optical
microscopes is not utilized.

5. Significance and Use

5.1 For advanced ceramics, Knoop indenters are used to
create indentations. The surface projection of the long diagonal
is measured with optical microscopes.

5.2 The Knoop indentation hardness is one of many prop-
erties that is used to characterize advanced ceramics. Attempts
have been made to relate Knoop indentatiopdardness to other
hardness scales, but no generally accepteqd 3¢thpds are avail-
able. Such conversions are limited in scopg 30¢ 30U be used
with caution, except for special cases whigked (bl basis for
the conversion has been obtained by &&dhdhridd Iebls.

AR NN ] *e S8

5.3 For advanced ceramics, the Kb} indentalidf is often

preferred to the Vickers indentat{phs $ince the KnObp long, ..

diagonal length is 2.8 times longe# {fan the Vickers diagdddls

for the same force, and cracking is hilich less of a pidilem (199
On the other hand, the Tong slendel tip.efetheKi¢dp didentas

tion is more difficult to precisely-disdarns 5s°p'e%' 5 e ke
LE N J eSO Qe

rials with low contrast. T-he-mdentatl:)ﬁ: DFACEGNOBER 11 this
o0

4 40000000000

test method are demgned-t-o- produce dndeniaens as large asess

el eseeee

may be possible w1th-eomnentmnal-mt(;r;)hardness equipmens,e ¢ s

yet not so large as; to-emlse crackmg
54 The Knoop m(fentatlon is shaﬂ@wer-than Vickers anden-
tations made at:ﬁie-bame force. Knoot)-md@nts may be useful in

evaluating coatmg-hardnesses

5.5 Knoop hardn'e%i') :&:eélculated- lioim the sl of the
applied force divided® by the’ prOJected md:entatlonoarea on the
specimen surface. It is assumed that- the elastpo sprmgback of
the narrow diagonal is negligible. (qukers m'demers are also
used to measure hardness, but V1c2<91§:l;agt"glggs;s:s calculated
from the ratio of applied force to the prgaegftqanact of the four

faces of the undeformed indenter.) >~%®*®e*’
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5.6 A full hardness characterization inciades measurements
over a broad range of indentation forces. Knoop hardness of
ceramics usually decreases with increasing indentation size or
indentation force such as that shown in Fig. 1.° The trend is
known as the indentation size effect (ISE). Hardness ap-
proaches a plateau constant hardness at sufficiently large
indentation size or forces (loads). The test forces that are
needed to achieve a constant hardness vary with the ceramic.
The:test force specified in this standard is intended to be
sufﬁclently large that hardness is either close to or on the
plateau, but not so large as to introduce excessive cracking. A
com_‘prehensive characterization of the ISE is recommended but
is beyond the scope of this test method which measures
hardness at a single, designated force.

3 The boldface numbers in parentheses refer to the list of references at the end of
this test method.

¢ Standard Reference Materials Program (NIST) 100 Burcau Drive, Stop 2300
Gaithersburg, MD 20899-2300.
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. 1 A typical indentation size effect (ISE) curve for a ceramic.
The data shown are for NIST SRM 2830 silicon nitride.
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6. Interferences

L0 e Cracking from e mylgntation tips can interfere with
int¢fpretation of the exhee (if location. The forces chosen for
thid s8¢ method are Sufficdently low that tip cracking, if it
DL&Yrs, will cause tiglys fali§er tight cracks at the indentation tips
ig sadvhaced ceraniitse Sdth cracks will have a negligible
ifterferen®s dan measurédibnts, of the long diagonal length (2)
(unlike Vickers indenfations in ceramics).

6.2 Cracking or spalling from the sides of the Knoop
impression may also occur, possibly in a time-dependent
manner (minutes or hours) after the impression is made. Small
amounts of such lateral cracking have little or no influence
upon measured hardness, provided that the tip impressions are
still readable and the tips are not dislodged (2).

6.3 Porosity (either on or just below the surface) may
interfere with measuring Knoop hardness, especially if the
indentation falls directly onto a large pore or if the indentation
tip falls in a pore.

6.4 At higher magnifications in the optical microscope, it
may be difficult to obtain a sharp contrast between the
indentation tip and the polished surface of some advanced
ceramics. This may be overcome by careful adjustment of the
lighting as discussed in Test Method E384 and Refs (2, 3).

7. Apparatus

7.1 Testing Machines:
7.1.1 There are three general types of machines available for
making this test. One type is a self-contained unit built for this
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purpose that uses deadweights (masses) on a pan or lever beam
to carefully apply force to the test piece. There is no load cell
to record the force during the test sequence. The machine has
a built-in compound optical microscope for measuring the
indentation sizes. The second type is an accessory to existing
compound optical microscopes. Usually, this second type is
fitted on an inverted-stage microscope. The third, more modern
type, is a self-contained unit built for this purpose which has a
built-in load cell that controls a ram or crosshead that moves
the indenter into contact with the test piece. The peak force and
rate of force application can be controlled by a closed-loop
feedback circuit. The machine has a built-in compound optical
microscope for measuring the indentation sizeé JDescriptions
of the various machines are available. (4-6). : : s

7.1.2 Design of the machine should be suchsthgegg doading
rate, dwell time, and applied load can be, $SoUDDL ¢olimits
set forth in 10.5. It is an advantage tQ ¥3ihlihates ¢ Buman
element whenever possible by apprgilde "machifhg ideésign.
The machine should be designed so tifad siBrations indiced at

Ay c1326 - 13

7.2.3 The constant CI, (defined in 12.2) for a perfect indenter
is 0.07028. The specifications require a variation of not more
than 1 % from this value.

7.2.4 The offset at the indenter tip shall not exceed 1.0 um.
See Test Method E384.

7.2.5 The four faces of the indenter shall meet at sharp
edges.

7.2.6 The diamond should be examined periodically, and if
it is loose in the mounting material, chipped, or cracked, it shall
be replaced.

Note 3—This requirement is from Test Method E384 and is especially
pertinent to diamond indenters that are used to measure hardness of
ceramics. In addition, these indenters sometimes are used to precrack
advanced ceramic specimens at loads higher than customarily used for
hardness testing. Such usage can lead to indenter damage. The diamond
indenter can be examined with a scanning electron microscope, or indents
can be made into soft copper to help determine if a chip or crack is present.
Indenters may also be inspected with an optical microscope with at least
500X power, but care should be taken to avoid damaging the microscope
lens.

the beginning of a test will be damée?l': dut by the time the:i;::z? Measuring Microscope:
indenter touches the sample. e vults,  eeeessidal The measurement system shall be constructed so that
7.1.3 The calibration of the balance beam orefree aPpliCa- * o phoe length of the diagonals can be determined with errors not
........ ..0..
tion system should be checked monthly-or-as- neodeds ndone exceptitre+ 0.0005 mm.
20080020000 e .
tations in standard reference mateeialse srae alsosho use (i-te BASSSAE . ‘b twinties Loss than this shall b
' » - 4— age micrometers wi uncertainties less an 15 Shai <
check calibration when neqd-esi: : . : : : : ces ; ot _ewseeoto establish calibration constants for the microscope. See Test
7.2 Indenter: cescer oo : : e’ + o ¢ Meltlod B384, Ordinary stage micrometers which are used for determining
72.1 The indenter S}];lzl:l;léettéle ‘:pe esroations for Knoog: + ¢ {h®‘approximate magnification of photographs may be ruled too coarse or
indenters. See Test I i h()Ci E%84 et : : E eell * » may not have the requ1T‘ed accuracy and precision. o
7.2.2 Fig. 2 shows ke indenter and sits maximum usable 7.3.2 The numerical aperture (NA) of the objective lens
; ons. lh ot PRSI ; . hall be between 0.60 and. 9.90
dimensions. The dtgeopalsehave an approxymate ratio of 7:1,  Sha B Soditd
. ,.l.'\. . ..... » LA N N N
and the depth of the] ydeqiion is appacsimately lj 30 the Norg 5%~The apparent lengt'h of.a.Knoop indentation will increase as
length of the long dlagb{la]: A perfect KHQ(IH indenteysifas the the resplyind power and NA oY 4 1¢h§ increases. The range of NA specified
following angles: e oo by t;h!s:tgsg method corresg@glgtpfl() IO. 100x objective lenses. The higher
7221 Included loneitudinal an le o 30 powerclensgs may have higher soselution, but the contrast between the
g g :7,'2 Htmms indgritdtion tfpi and the polishéd Sutface may be less.
7.2.2.2 Included transverse angle 130 DD mid DO . cesece.
sesesccecane 73.3 A filler may besased-to provide monochromatic
illumination. Green filters have proved to be useful.
8. Test Specimens
8.1 The Knoop indentation hardness test is adaptable to a
wide variety of advanced ceramic specimens. In general, the
accuracy of the test will depend on the smoothness of the
surface and, whenever possible, ground and polished speci-
mens should be used. The back of the specimen shall be fixed
so that the specimen cannot rock or shift during the test.
8.1.1 Thickness—As long as the specimen is over ten times
as thick as the indentation depth, the test will not be affected.
In general, if specimens are at least 0.50 mm thick, the
hardness will not be affected by variations in the thickness.
8.1.2 Surface Finish—Specimens should have a ground and
polished surface. The roughness should be less than 0.1 um
rms. However, if one is investigating a surface coating or
- 1727300 — treatment, one cannot grind and polish the specimen.
- ~
e ~ ~130° - Note 6—This requirement is necessary to ensure that the surface is flat
- — Max. 1.457 mm — — — 3 and that the indentation is sharp. Residual stresses from polishing are of
_LI" @ _1,‘3. \"°2‘°"‘"“f > . -
< less concern for most advanced ceramics than for glasses or metals.
}‘-- 0.750 mm 0.0491 m References (2) and (4) report that Knoop hardness was insensitive to

FIG. 2 Knoop Indenter Showing Maximum Usable Dimensions
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resolvable amount of abrasive damage (4). (Extra caution may be
appropriate during polishing of transformation toughening ceramics, such
as some zirconias, since the effect upon hardness is not known.)

8.1.3 Radius of Curvature—Care should be used when
relating hardness values obtained on curved surfaces to those
obtained on polished, flat surfaces. The hardness values ob-
tained will be affected even when the curvature is only in the
direction of the short diagonal.

9. Preparation of Apparatus

9.1 Verification of Force—Most of the machines available
for Knoop hardness testing use a loaded beam. This beam shall
be tested for zero force. An indentation,§hpuld not be visible
with zero force, but the indenter shoylfis@dnact the sample.
Methods of verifying the force afpl3ddibhs ue given in
Practices E4. P

9.2 Separate Verification of Fo¥¢é Jhlent®, uhll . Measuring
Microscope—Procedures in Tefts Méthod E384 s Annex Al,

(The precision might be less and the bias greater with the lower
forces.) If additional forces are used (for example to measure
the indentation size effect trend), then the reporting procedure
of 12.6 shall be used for each data set.

Note 8—"“Load” and “Force” are used interchangeably in this standard.

104 Clean the Indenter—The indenter shall be cleaned
prior to and during a test series. A cotton swab with ethanol,
methanol, or isopropanol may be used. Indenting into soft
copper also may help remove debris.

Note 9—Ceramic powders or fragments from the ceramic test piece
can adhere to the diamond indenter.

10.5 Application of Test Force:

10.5.1 Start the machine smoothly. The rate of indenter
motion prior to contact with the specimen shall be 0.015 to
0.070 mm/s. If the machine is loaded by an electrical system or
a dash-pot lever system, it should be mounted on shock
absorbers which damp out all vibrations by the time the
indenter touches the specimen.

Verification of Knoop and Vickdrd Hardness Testing Machiggs,
and Indenters, may be followed: : : P

Les A S OED S . Note 10—This rate of loading is consistent with Test Method E384, but
9.3 Verification by .

Srandard Refeie b e sMard iyl s s :1: faster than that prescribed in Test Methods C730 and C849.

—Standard reference blocks, SRMNG.:Z&I% DI S0&dbhanitrides e oo s 10.5.2 The time of application of the full test force shall be

*o e

that are available from the.Nifiodad ISdilel $€ SLahlIdads ands 3 : J3s to 15 s unless otherwise specified. After the indenter has
Technology can be usad fos verifysthatan Appar it producesas « « been in contact with the specimen for this required dwell time,

Knoop hardness wilhinae 3 % o ke cestified value.

L]

LA R N N NJ I 8000000 FX N BN )

4900000 I A RN ENE NN L XN XN ]

10. Proceduresseess .2 cocecs Jeesee
+40 0000 [ N X N N ] LR N N N

10.1 Speciff@n Pldcement—PIgule specimen on’tht stage
of the machjd¢ §d Sb.specimen UL §&Crock or shift during the
measurement, JTRE Spddimen sHall b sclean and.free of any
grease()[‘ﬁlm AR R N N N R N NN To 000

*SPe 090008 Tes 00 0.'

AR N N BN Nd ~ e s e

10.2 Specimen L¥Peling: e seeee
10.2.1 The surface of the spediraen beings 3@ shall lie in
a plane normal to the axis of thesiddénedesss’ -

10.2.2 If one leg (one half) ofsthe Idn '(ilhéﬁﬂal is more than
10 % longer than the other, or if t‘he:e'nzii Z)f the diagonal are not
both in the field of focus, the surface 0% (he specimen may not
be normal to the axis of the 1ndenter- Ahgn the specimen

surface properly, and make another indentation.

Note 7—This tolerance is more stringent than the 20 % that is specified
in Test Method E384, but is less stringent than requirements in Test
Methods C730 and C849.

10.2.3 Leveling the specimen to meet these specifications is
facilitated if one has a leveling device.’

10.3 Magnitude of Test Force—A test force of either 9.81 N
(1 kgf) or 19.61 N (2 kgf) is specified. 19.61 N is preferred.
9.81 N may be used if the higher force is not available on the
apparatus, if cracking is a problem, or if preferred for a specific
requirement. If cracking is a problem at 9.81 N, lower forces
may be used and the reporting procedure of 12.6 shall be used.

7 The sole source of supply of the apparatus known to the committee at this time
is the Tukon Tester leveling device, Catalog No. 85248, available from the Wilson
Division of Instron Corp. If you are aware of alternative suppliers, please provide
this information to ASTM Headquarters. Your comments will receive careful
consideration at a meeting of the responsible technical committee,' which you may
attend.
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« oo raise it carefully off the sample to avoid a vibration impact.

10.5.3 The operator shall not bump or inadvertently contact
the test machine or the associated support (for example, the
table) during the period of indenter contact with the specimen.

40.6 Spacing of Indestations—Allow a distance of at least

one and a half indentatsonetimes the long diagonal between the
qnd@r}tatlons as 1llustrated in Fig. 3. If there is evidence of

wumteractlon betweeﬂ- }a(eml cracking (from the sides of the

'ﬂndentatlon), then- the‘qmcmg shall be increased.

107 % A«ccepmbzlm (y‘ e bndentations— 1If there is excessive
cracking from the indent sides, the indent shall be rejected for

e 1.5d

1.65d

FIG. 3 Closest Permitted Spacing for Knoop Indentations
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measurement. Fig. 4 provides guidance in this assessment. If
this occurs on most indentations, a lower indentation force
shall be used. If one or both tips of an indentation fall in a pore,
the indentation shall be rejected. If the indentation lies in or on
a large pore, the indent shall be rejected. If the impression has
an irregularity that indicates the indenter is chipped or cracked,
the indent shall be rejected and the indenter shall be replaced.
If the indentation is asymmetric as specified in 10.2.2 and Fig.
3, then reject the indentation.

Note 1l—In many ceramics, porosity may be small and finely
distributed. The indentations will intersect some porosity. The measured
hardness in such instances properly reflects a diminished hardness relative
to the tully dense advanced ceramic. The intent of the restrictions in 10.7
is to rule out obviously unsatisfactory or atypical, indentations for

measurement purposes. L X NN

2000 8\

10.8 Location of Indentations—Indentaidds $841L be made

in representative areas of the advanced cesandicaRcédstucture.

10.9 Number of Indentations—For homogeneous and fully
dense advanced ceramics, at least five and preferably ten
acceptable indentations shall be made. If the ceramic is
multiphase, not homogeneous, or not fully dense, ten accept-
able indentations shall be made.

11. Measurement of Indentation Size

11.1 The accuracy of this test method depends to a very
large extent on this measurement since hardness depends upon
the inverse square of the diagonal size.

11.1.1 If the measuring system contains a light source, take
care to use the system only after it has reached equilibrium
temperature. This is because the magnification of a microscope
depends on the tube length.

11.1.2 Calibrate the measuring system carefully with a stage
micrometer or an optical grating.

They shall not be restricted to high-déhsitys faciens if such 11.1.3 Adjust the illumination and focusing conditions care-
. LR N N4 L NN N N .~ . - . .
exist. Jesses cece: fully as specified in Test Method E384 to obtain the optimum
LR B R N N AR N NI
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view and clarity of the impression. Proper focus and illumina-
tion are critical for accurate and precise readings. Both
indentation tips shall be in focus at the same time. Do not
change the focus once the measurement of the diagonal length
has begun.

Note 12—The lighting intensity and the settings of the field and
aperture diaphragms can have a pronounced etfect upon the apparent tip
locations in Knoop indentations. Consult the manutacturer’s guidelines
for optimum procedures. Additional information is presented in Test
Method E384 and Ref (2). In general, the field diaphragm can be closed
so that it barely enters or just disappears from the field of view. The
aperture diaphragm can be closed in order to reduce glare and sharpen the
image, but it should not be closed so much as to cause diffraction that
dlstorts the edges of the indentation.

11.1.4 If either a measuring microscope or-a ’ﬁlar microm-
eter eyepiece is used, always rotate the dm-m-m- the same
direction to eliminate backlash errors. : : : : : : : : : s,

11.1.5 Follow the manufacturer’s guidglfies*foy €he vse of
crpsshairs or gradugted lines. To elimipgge:tglp'inﬂaqrgzpzqf the
thickness of the line(s), always use? fifes game edget pf the
crosshair or graduation line. Cautlpn *Serious systématic
errors can occur due to improper cro:{shzur usage. Procedurgl

...
se e

< Po s & force, kgf, and

vary considerably between different &fuipment. In,g&gly afls e
instances, the crosshairs should not b& placed &nlifdly sl or *

nALN XK J

fully cover the indentation tip as.shosui side Fich e $4.0 Thé.

indentation tip should be justewisible’ 1n.tﬁe Takda SElRgR the
side of the crosshair or giaduaged line as shewn«in Fig. 5b or

Fig. 5c. In some measunng -systems-wﬁﬁ-tqu crosshairs, the s e s » e/7K = 0.102 P/(C,d°) =

LA N R N

measurement is made W!t;] ti'ae 1n91de edge ot the two lines asssses
shown in Fig. 5b. In -other measurmg -syst!ems partlculaply--'

00008068

those with a s1n01e°me)vcable crosshaprs the measurement is
made with the same'mge; pf {he crossha&r gg ;,hown in Fjg. 5c.

11.1.6 Read the 14dendiQn Jong «digg@ital length; 3o the
nearest 0.0005 mm or*1p§g :Cliedck each® Cﬁmﬂmg twigps They
should reproduce to 0.0003 m. . . oeeee
11.1.7 Use the same filters in the I$ht systeng $¢ 38 dtimes.
Usually a green filter is used. eeetsitcnner

11.1.8 For transparent or transluceif eérhﬁﬁés:,.wﬁere con-
trast is poor, the specimen may be ceated- Cﬁ)r 'example a
gold/palladium coating) to improve the measurablhty of the
indents (8). Such coatings shall be less than* 5() nm thick and
shall be applied after the indentations have been made. Do not
indent into coatings made to enhance visibility.

12. Calculation
12.1 Knoop hardness may be calculated and reported either
in units of GPa (12.2) or as a Knoop hardness number (12.3).
12.2 The Knoop hardness reported with units of GPa is
computed as follows;

HK = 1.000 X 1073 X P/A,
=1.000X 107 X P/(C

=0.014229 P/d*

L d?)
(1

where:

P = force, N,
d = length of the long diagonal of the indentation, mm,
A, = projected area of the indentation, mm®,

£
G, =

indenter constant, which ideally should be 0.07028,
relating the square of the long diagonal length d to the
projected area of the indentation — %2 {tan (B/2) / tan
(A/2)] (see Test Method E384),

A = included longitudinal edge angle (see Fig. 2), which
ideally should be 172° 30 min 00 s, and
B = included transverse edge angle (see Fig. 2), which

ideally should be 130° 0 min 00 s.

Note 13— This computation and set of units are in accordance with
recommendations of IEEE/ASTM SI 10.

Note 14—This test method does not apply a correction factor to d for
the optical resolution limit for the objective lens.

12.3 The dimensionless Knoop hardness number may be
computed as follows:

HK = P/(Cp d*) = 14.229 P/d? (2)

where:
tE° = is the same as in 12.2, and:

zl.....

o s olength of the long diagonal of the indentation, mm.

* s NS S This computation is consistent with Test Method E384.

. :A;té;n'ately, the Knoop hardness number may also be com-
L

:puted°as follows:

(0.102) X (14.229) P/d* = 1.451 P/d* (3)

e here:

» = is the same as in 12.2, and:
P = fpree, N, and .,
d =2elpnoth of the long digeqmal of the indentation, mm.
Noig{ 16, This computatidp jig $nsistent with [SO 9385 and ENV
843-4.000- ..
NQTE.I?—Fq 2 and Eq.i Gor'npute the Knoop hardness number, which
is difrfensidnjess; for ex!nﬁpl@, X = 1500. HK formerly had been
assighed unm'(’f'kOf/mm Ene® and Eq 3 produce the same Knoop
haldness number. © ver-
Note 18—The factor 0.102 in Eq 3 becomes necessary through the
introduction of the SI unit newton for the test force instead of kllooram—
force to avoid changing the value of the Knoop hardness number from its
traditional units.

12.4 The mean hardness, HK . is

LR BN

R

3T 2 HKH
HE="0 )
where.
HK, = HK obtained from nth indentation, and
n = number of indentations.
12.5 The standard deviation, S, is:
E (1—17(_ HKH) ’
§= S e (5)

n—1

12.6 The hardness HK symbol shall be supplemented by a
number indicating the test force used, expressed in newtons
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Crosshair
(a) INCORRECT. Crosshair ‘mmgletely covers the tip.
Light frinsiel §$fze s pxaggerated)
ceene: b \ Setting the Zero
N RS T
Cresshairitssaases .21 Grosshair 2 e
(b)  CORRECT. Doublkicrdishair measurefient system, whereby the indentation is intended to be
fidabuidd between @40 &dsshairs or measuring lines. Indentation tips should be on the inside
eage (m t'he-frmge)-of'eacﬁ crossham The measurmg-s'ystem is zeroedsby brmgmg the inside
measurmg-lme inside edges toged;eras shown on thg:right. sener
EEEEEEEEEE:. ‘S:a;:t"n”theZero
: vesseseeee  Light fringe "9
Tip in ;l R ~
the fringe 1 v |
S~ f I
l f
! :
‘, |
Crosshair, position #1 Crosshair, position #2 =
(©) CORRECT. Single crosshair and some double crosshair measurement systems. The

Copyright ASTM International
Provided by IHS under license with ASTM

indentation tip is on the same side of the crosshair line(s). The measuring system is zeroed
with the tip on the same side of one line for a single crosshair system, or with both lines
superimposed in a double crosshair system as shown on the right.

FIG. 5 Crosshair Measurement Systems
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multiplied by 0.102 (and therefore equal to the test force
expressed in kilograms-force), and optionally a number indi-
cating the duration of test force applications in seconds. So, for
example, HK2/15 means the Knoop hardness for an applied
test force of 19.61 N (2 kgt) applied for 15 s at full load.

13. Report

13.1 The report shall include the following information:

13.1.1 Mean HK,

13.1.2 Test force,

13.1.3 Duration of test force,

13.1.4 Standard deviation,

13.1.5 Test temperature and humidity, Jatesees

13.1.6 Number of satisfactory indentatiop$ :npaguaed. as
well as the total number of indentations maEs s eesess:!

(X N 3 LA A N B N N

13.1.7 Surface conditions and surface ¢@drhtion" so0s.
13.1.8 Thermal history of the sample.sssee’ e
13.1.9 The extent of cracking (if any)edrved, and
13.1.10 Deviations from the procedurdsein this test method,
if any. ot cee
13.1
is measured over a range of inden}gtj(gn

-0 80
LR NN N

N
LA AN
2086006

-
. e

L
PR R N B N N J

L]
.11 Data on the indentation size effect tsondeid hasdness »

s000cc0s00sesere
f()rc@&co.otoootocoo
. e00000COIGICLCIOENRNES
[EX SN NN NN NN N NE B
1600000000000~
saecsee *eecsossse
se0 000 ess0crnse -

[4.1 The precision and pdafraficy QL 3<ss neasurements

depend on strict adhereng¢ 3¢ itfe sta®e87 ¢ s$tadrdiedure and are
influenced by instrumerftd8 i material f43§Sahd indentation

measurement €rrorS., e s e e e svenes

14.2 The consisteney D 2&%tment forgiededidd tests onJhe
same material is dependeh] Hf ¢ Bamoge A {Hidt the marddal,
repeatability of the hardnddss Istet, and cddddstent, «&iéful
measurements of the indents by a compdignt operatof.ee e

LR N BN L N R N

14.3 Instrumental factors that can affed@ &3¢ testild 3dctude
accuracy of loading, inertia effects,q $P&E sdfe dAding,
vibrations, the angle of indentation, latet&ls$dyedhed( of the
indenter or sample, and indentation and indei&s Shipe devia-
tions. Results are particularly sensitive to vibrafiéd or impact,
which will produce larger indents and lower apparent hardness
results.

14.4 Ihe permitted deviation (=1 %) in the indenter
constant; C,,, can contribute up to =1 % variations in computed
hardnessjif the constant for the idealized shape is used.

14. Precision and Bias

X}

14.5 The largest source of error or uncertainty in hardness
usually arises from the error and uncertainty in the measure-
ment of the diagonal length.

es s e

14.5.1 The harder the material is, the smaller the indent size.
Therefore, hardness uncertainties are usually greater for harder
materials.

14.5.2 Diagonal length measurement errors include inaccu-
rate calibration of the measuring device, inadequate resolving
power of the objective, insufficient magnification, operator bias
in sizing the indents, poor image quality, and nonuniform
illumination. These can contribute to both bias and precision
errors.

14.5.3 Several of the errors that contribute to diagonal
Iength measurement uncertainty have the same magnitude
irrespective of whether a 9.81 or 19.61 N force is used.
Therefore, the higher indentation force is preferred since the
indentation size will be larger and the percent error less.

14.5.4 Uncertainty Due to Optical Resolution Limits:

14.5.4.1 The resolution limit of optical microscopes contrib-
utes to both precision and bias uncertainties. This test method

JRemtits a range of objective lenses which can cause some
sadqton, in apparent diagonal length. The numerical aperture
*NAL e, objective lens determines the maximum useful
mhS Ao and resolving power of the microscope. The
high®is $8¢ ‘NA of the lens, the longer the indentation will
apgchi sTHis resolution limitation leads to a bias error since the
wudrbidope is not able to resolve the exact tip and leads to
cundaiéstimates of the true length. The hardness is thus over-

a0 0000

:es:n-mated.

14.5.4.2 This test method permits objective lenses with NAs
from 0.65 ¢ 0.90, which corregpond to magnifications of 40 to
100x. Fl3e sheoretical shortgping & the diagonal (due to the
optical rpSqlption limit) hds, pedt estimated to be 7A/2NA,
wherg,} 1¢ the wavelength, Qf, hpTlight used (3, 6, 7, 8). Thus,
the ust PY A fferent lensess WhthJlifferent NA values will lead to
differedt "appadeds indentationthgths. The maximum theoreti-
cal differential in’th® measuidd fehbih for lenses with the NAs
allowed by this test method is 0.8 um. Experimental evidence
suggests that the 7A/2NA correction is too large (3, 10-13), and
that 0.5 um is a better estimate of the differential (3, 8). Thus,
for 145 um long indentations created by a 19.61 N force, the
latitude in lens selection permitted in this test method can lead
to a maximum hardness variability of 0.7 %. A100 um long
indentation created by a 9.81 N force will have a maximum
1.0 % variability in this manner.

14.5.4.3 An estimate of the bias error due to the optical
resolution limitation was made by comparing optical measure-
ments to calibrated scanning electron microscope (SEM)
measurements of the same indentations. (The SEM can resolve

‘*‘VTABLE 1 Precision of Diagonal Length Measurements Estimated from an Interlaboratory Round Robin Project (12,13)

Within-Laboratory Repeatability

Between-Laboratory Reproducibility

Number Average - e
Force, of Diagor?al Standard Exgiggfd Coefflglfent Standard Ex%a:g;d Coeﬁ;lent
P®) Lta:)l::ioer: i Lc;a(nﬁq;r; De\(/:::;) n tainty? Variation, De\zlartr:c))n tainty? Variation,
(um) % H (pm) %
19.612 iA 1415 1.0 2.7 0.7 3.0 8.5 2.2
19.61° 5 142.4 11 3.1 0.8 4.1 4.1 1.0
9.81¢ 10 98.3 0.7 2.0 0.7 2.6 71 2.6

A Coverage factor of 2.8, corresponding to a 95 % confidence interval.
& Indentations made by organizing laboratory.
€ Indentations made by participating laboratories.
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the tip location with much higher magnification and with no
visible light diffraction phenomenon.) A single 19.61 N Knoop
indentation in a silicon nitride standard reference material was
measured by four observers with two optical microscopes with
40x (0.65 NA) objective lenses (11-13) . Depending upon the
observer and the microscope, the diagonal length measure-
ments were between 0.4 to 2.1 um shorter than the calibrated
SEM measurements (average: 146.8 um, standard deviation:
0.2 um). These correspond to bias errors of 0.5 to 2.9 % in
hardness.

14.6 Interlaboratory Round Robin: 2o

14.6.1 A round robin was conducted toz¢¢qiggte the suit-
ability of fully dense silicon nitride spefiingas 98 .standard
hardness test blocks (9,10)°. The reiftse df Jhig seleven-
laboratory round robin can be used to g$3IB3® the Pr&Jsion of
Knoop hardness measurements for g $8i¥dnced ekdic that
does not pose difficult measuring pr@BI¢H%. Within-1aBoratory

evaluated in accordance with Practices E177 and E691. The
results are listed in Table 1, which shows the repeatability and
reproducibility in measured diagonal lengths. (The hardness
repeatability interval when expressed as a percentage is double
the diagonal length repeatability interval.) Participants read
five indents made at 19.61 N at the organizing laboratory, and
also made and measured five each of their own indents at 9.81
and 19.61 N. In general, within-laboratory repeatabilities of 0.7
to 0.8 % were obtained with both the 9.81 and 19.61 N
indentation forces. Between-laboratory reproducibilities were
1.0 to 2.2 % for the 19.61 N indentations. The lower estimate
was obtained from the five laboratories that were able to make
19.61 N indentations and the higher estimate was obtained
from all eleven laboratories which read indentations made by
the organizing laboratory. The between-laboratory reproduc-
ibility was 2.6 % for the 9.81 N indentations made by all
laboratories.

repeatability and between-laboratarys feproducibility wereseese
oo’ Lee Cei00108 Keywords
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