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Standard Test Methods for
Indentation Hardness of Organic Coatings’

This standard is issued under the fixed designation D1474/D1474M; 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 (&) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the U.S. Department of Defense.

1. Scope* Ny
1.1 These test methods cover the,déteimination of the
indentation hardness of organic mater-iél% :sbéﬁ:as dried paint,

varnish, and lacquer coatings, whens apphed-t-o-an «acceptable

D823 Practices for Producing Films of Uniform Thickness
of Paint, Varnish, and Related Products on Test Panels
D1005 Test Method for Measurement of Dry-Film Thick-

ness of Organic Coatings Using Micrometers

plane rigid surface, for example, metal:c;r' él;lgsow f)7Q91 Pra;tice for Nondestructiv; Measprement o‘f Dry
teees sl Film Thickness of Nonmagnetic Coatings Applied to
1.2 Two methods are covered: is ?@IOWS' vl Ferrous Metals and Nonmagnetic, Nonconductive Coat-
, e T Sectiong, ings Applied to Non-Ferrous Metals

mmgg g:g?\fﬁgim:;ﬁf; :;?:;SSSS E S : . ;’é‘.‘fé . E S . E384 Test Method for Knoop and Vickers Hardness of
1.3 Method A, which has the greate{-grfégsg(ér:, Qrovtcfe'.'sszsss~ Materials

hardness values in terms of Knoop-Hargizlggs:y:xngeg:(KH ):::::22 Other Standards: . o .

Method B provides hardmess im gernys of's Phmmie #¥ardnesse » o ¢ :ISO 6441-1 Paints and Varnishes—Determination of micro-

Number (PHN). Altht)agh whe hglgdrre:ss wiu'e scales of thespess e indentation Vhardgess—P.art i: Kngop hardness by mea-

methods differ, thg metheds pegess o !he‘ rankmg of coapp . . . surement of the indentation length

ISO 6441-2 Paints and Varnishes—Determination of micro-

hardness 200000 ..:‘.O... :.:.:r
;esses scecessess Lesees indentation hardness—Part 2: Knoop hardness by mea-

1.4 Test Method-A{)f these tes't metheds is similar inegontent
(but not techmezﬂ}y cqmvalent) tg>°1€0- 6441-1and 1SO 6441-2.

L5 The \;a;h;és: §tated in eithes cS:I'u-mts or inch-pound units
are to be regarded segarateiy as sl-andm'd The vadwes stated in
each system may iy ebe exact eqmyglents ’t;h;:;efore each
system shall be used independepfly of the, ogg.e Combining
values from the two systems mg Jesult jif iphconformance

w1ththestandard pOSS Sl

1.6 Thzs standard does not pL;rEJ;);l: ;c: mtldress the safety
concerns, if any, associated with its nges il-rs "the responsibility
of the user of this standard to establish m)roprzate safety and
health practices and determine the applicability of regulatory

limitations prior to use.

2. Referenced Documents
2.1 ASTM Standards:*

E : so;f g, indenter. **

.

sarement of the indentation depth under load’

8 : .erminology :

.
.0.. L
»e *e
* 3sle Definitions: '--n
...’ .~

e3.11 mdentangn;z imrdness n—the resistance to penetration

4'..
I B N B 4

312 :I%noop im.iérétélg:igz—a pyramidal diamond of pre-
scribed dimensions.

3.1.3 Pfund indenter, n—hemispherical quartz or sapphire
indenter of prescribed dimensions.

3.1.4 Knoop hardness number, KHN, n—the indentation

hardness determined with a Knoop indenter, and calculated as
follows:

KHN = L/A, = LII’C, (0

where:
] o ] L = load applied to the indenter, kg,
‘ These test methOfis are under th'e jurisdiction o.f ASTM Committee DO% on I = measured Iength of lOIlg diagonal of the indentation,
Paint and Related Coatings, Materials, and Applications and are the direct
responsibility of Subcommittee D01.23 on Physical Properties of Applied Paint mm . 2
Films. C, = indenter constant relating I to A,, and
Current edition approved Nov. 1, 2013. Published December 2013. Originally Ap = projected area of indentation, mm

approved in 1957, Last previous edition approved in 2008 as D1474 — 98 (2008).
DOI: 10.1520/D1474_D1474M-13.

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

3 Available from American National Standards Institate (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036, http//www.ansi.org.

*A Summary of Changes section appears at the end of this standard
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3.1.5 Pfund hardness number, PHN, n—the indentation
hardness determined with a Pfund indenter, and calculated as
follows:

PHN = L/A = 4L/nd* = 1.27 (L/d ?) 2)

where:

L = load/kg applied to the indenter, k%,
A area of projected indentation, mm~, and
d diameter of projected indentation, mm.

4. Significance and Use .

4.1 Indentation hardness measurements dawe.proven to be
useful in rating coatings on rigid substrasokefos $hair resistance
to mechanical abuse, such as that prod}lfzé(g E)?Ekiléfué,sgouging,
and scratching. These measurements gosiot nocessasily char-
acterize the resistance to mechanicglsabuse of coatygs that are
required to remain intact when deformed.

e
AN

7.2 Knoop Indenter—The Knoop indenter is a pyramidal
diamond with included longitudinal angles of 172° 30" and
included transverse angle of 130° 0.

Note 1—The ratio of the long to the short diagonal of the impression
is approximately 7:1; the ratio of the long diagonal to the depth of
penetration is approximately 30:1.

7.3 Microscope—The microscope shall have a filar microm-
eter eyepiece and sufficient objectives to permit the measure-
ment of the length of impression to within *£1 %. The
specimen shall be firmly supported on a movable micrometer
stage attached to the microscope.

8. Calibration

8.1 Adjust the illumination in the microscope to give
maximum contrast when viewing an indentation.

8.2 By means of a calibrated scale, determine the factor for
each microscope objective that converts the filar scale units of

5. Test Specimens E E b e E E E E E E Ehe eyepiece to millimetres.
5.1 The substrate for the coating shall bé: 51; :azzéeptaﬁlé: s 20089 With a 25-g load on the indenter, determine the KHN of
plane rigid surface such as glass or metal- stteseeenee slrait alibrdted standard (Note 2) with an assigned value not
ittty L ureger than S0 KHN. If the obtained value is within =5 % of
5.2 The coating tthanS\S-OI) any oud ?""d sﬁall be unn‘orm. 2o ie assigned value, the instrument is considered to be in
within 3 um [0.1 mll]- cG atmgs sobo e@mpﬂfed shall be q s s $Alibration.
equal thickness w1thm 6-pm'[() Z-mrli oI:or-mammum accuragyssee _ o
the minimum permlsnb}e CO&(H%‘HHGKH'ESS shall be such (hat- sev Note 2—A suitable source of standard reference materials in this

the depth of mde'n-tattm does not exceed-three fourths of- the-
coating th1ckn§gs‘ ;tq mlmmlze the:@@pg pf the substrafe.

5.3 At least ;ﬁr;eézr:ei)}ieate spe?fnzlériss shall be tested for
each coating to besgwayated.s

“oe0 00
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5.4 Coatings should*Besapplied i in accerdance WchoPractlces
D823 and their dry film thxckness should beomeasured in
accordance with Test Methods D1 @G‘i pf D?O‘)-i- ° -

5.5 From precoated sheets cut ae ]'eastothsae: spe'mmens. Use
only plane (flat) sheets and rounch Eléci Eeii'gé‘é “slightly. The
coating shall be free of oil and other foseign matter. Measure
the film thickness as in 5.4. Ner

METHOD A—KNOOP INDENTATION HARDNESS

6. Summary of Method

6.1 This method consists of applying a load to the surface of
a coating by means of a pyramidal shaped diamond having
specified face angles, and converting the measurements of the
resultant permanent impression to a hardness number.

7. Apparatus

7.1 Hardness Tester, consisting of a load applicator, a
Knoop indenter, and a microscope fitted with a movable
micrometer stage. The apparatus shall mechanically bring the
indenter into contact with the test surface with negligible
impact, apply the selected full load, maintain it for 18 = 0.5 s,
and withdraw the indenter.

4 A hardness tester meeting the apparatus requirements for this method is the
Tukon Microhardness Tester, available from the Wilson Instruments, Inc., Division
of Instron, 100 Royall St., Canton, MA 02021.

N

hardness range is available from the U.S. National Institute for Standards
and Technology.” By agreement of the parties concerned, a stable
specimen (such as an aged coating or a baked enamel applied to a flat
sybsrd) could be used torchfiBiitg the participating hardness testers.

LR B4 ®es0 0 L4

9. JFroacedure ceces’

LR N Bd LA AN

2e9:l, Unless other.wmé Y@€cified, make the hardness determi-
nafiong at 23 = 2°C 1713.5:* 3.50°F] and 50 £ 5 % relative
humidity alts equﬂlbratmg xhe specimens under these condi-

tions for at least 24 hours.

9.2 Rigidly attach the specimen to the movable stage so that
the surface to be measured is normal to the direction of
indentation. Mount the panel so that is cannot move with
respect to the stage in any direction during the test.

9.3 Use the microscope to select an area of the test specimen
that is free of surface irregularities and imperfections. Place
this area under the indenter by means of the movable microm-
eter stage.

Note 3—If good impressions cannot be obtained because of the
roughness of the surface of the specimen, gently polish the surface with
No. 400 carborundum and finish off with jewelers rouge before making the
1mpression.

9.4 Present the apparatus to apply a load that permits the
Iength of identification to be read accurately but does not cause
the depth of indentation to exceed three-quarters of the coating
film thickness. Start the test cycle so that the indenter is
mechanically brought into contact with the mounted specimen
under a load of 25 g and full load is applied, maintained for 18
* 0.5 seconds, and removed. For maximum accuracy, ensure
that the indenter has not penetrated the coating to a depth

S Available from National Institute of Standards and Technology (NIST), 100
Bureau Dr., Stop 1070, Gaithersburg, MD 20899-1070, http://www.nist.gov.
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beyond three-fourths of the coating thickness. This is necessary
to eliminate any major substrate effect on the hardness values.

Note 4—For maximum accuracy, care must be taken that the indenter
dees not penetrate the coating to a depth beyond three fourths of the
coating thickness. This is necessary to eliminate any major substrate effect
on the hardness measurement.

9.5 Immediately after the completion of the cycle, adjust the
movable stage so that the indentation is in the field of the
microscope. Focus the microscope on the indentation so that
both extremities of the long diagonal (that is, where the upper
edges of the indentation just converge) are as sharp as possible.

LAY Y

Measure the length of the long diagonal of the d&pression with
the filar micrometer eyepiece. st

d0s s
A E R R RN AN R NI

NoTe 5—Select a microscope objective thate widleaasiscetiie c.léngth of
impression to be between 200 and 800 filaregndts do AgsUiEe Maximum

accuracy in measurement. .’ : : : : b *: : : :

9.6 From the measurements obtamed-m 9.5, the information

given in Note I, and the measured ﬁlm thlckness at the pla'ce° .

*ces e

of indentation, calculate the depth qf' indenter pengtragon Beees

the depth of penetration exceeds three-foppthg igfedpQpjing® 22

thickness, the results may be influenced Iy QPseaC¢autdINMily.
Consequently, repeat the tgst 3 sp&cIhPdS Digihded srchfer
film thickness or with a,J3gH&E loafls@id e Siphtet”

490000 (AR R NE N RN e

11.1.3 Specimen preparation and conditioning techniques
used,

11.1.4 Mean and range of KHN values of the replicate
panels, and

11.1.5 Substrate material of panel.

12.

12.1 Precision—On the basis of an interlaboratory test of
this method in which operators in six laboratories tested seven
coated panels having a broad range of hardness, the within-
laboratory coefficient of variation was found to be 3 % with 21
degrees of freedom and the between-laboratories coefficient of
variation 8 % with 30 degrees of freedom. Based upon these
coefficients, the following criteria should be used for judging
the acceptability of results at the 95 % confidence level:

12.1.1 Repeatability—Two results, each the mean of three
determinations on a specimen, obtained by the same operator
should be considered suspect if they differ by more than 9 % of
{Bair mean value.

¢+ 124.2 Reproducibility—Two results, each the mean of three
d:zge:"ﬁﬁﬁations on a specimen, obtained by operators in differ-

Precision and Bias

° ent- I:al)oratones should be considered suspect if they differ by

9.7 Since the applibdsDhd ise 886 &lddys the same and.ses

practically never 25,4 ¢¢iculatd*thé Kildob; Hardness Numi
using the equationsffrdyided by the ddhhbfabturer:

s0»

SIIKHN=LEGEE @
where: LN 3::::: .e
L = load applied, kgs o  #hier indenter,e o o . : .
I = length of long diagonal of mdenta'ti)n mnle ard
C, = indenter constant = 7.028 x 30a cececs
9.8 The Knoop Hardness Numbers £6% 2 3ast 1éad of one (1)

of and length of long diagonal of indentation :fﬁar;fl .0t0 200.9
um are given in Table 1 of Test Methodslad$4 e

10. Calculation
10.1 Calculate the mean indentation length in filar units.

10.2 Convert this mean indentation length to KHN by
means of the appropriate tables supplied with the instrument.

Note 6—If a conversion table is not available, the KHN may be
calculated as follows:

KHN = 0.025/C, (4)
where:
0.025 = load applied, kg, to the indenter,
I = length of long diagonal of indentation, mm, and
c, = indenter constant = 7.028 x 1072
11. Report

[1.1 Report the following information:

1L.1.1 Mean and range of KHN values obtained for each
specimen, stating the number of indentations made and the
indenter load used,

11.1.2 Mean film thickness of each specimen, based on the
measurements made at the points of indentation,

s 0@
LE R ]
LA N g

more-than 24 % of their mean value.

e

++13.1.3 Bias—The bias for the procedure Test Method A for

L X N4

measuring indentation hardness using the Knoop indenter will
be determined using data previously generated in round-robin
testing.

MEJHOD B———PFUND.INDENTATION HARDNESS

se 000
.o ®eto0 "

13. ;S’U}nmary of Metlmd . o
> H 'I This method.mms of applying a load to the surface

LR

of ;a: coqt;rgg, by mesns:@f  transparent colorless quartz or

- sythetic 33ghire hemisphére having a specified diameter, and

converting the measureMént oIthe resultant observed impres-
sion under load to a hardness number.

14. Apparatus

14.1 Hardness Testers—consisting of a load applicator, a
Pfund quartz or sapphire indenter, and a microscope with a
stage. The apparatus shall be constructed so as to permit the
indenter to be brought manually into contact with the specimen
surface with negligible impact.

14.2 Pfund Indenter®*—The Pfund indenter (Fig. 1) is a
transparent colorless quartz or synthetic sapphire hemisphere
with a spherical radius of 3.18 mm [0.125 in.] and a maximum

spherical eccentricity of 0.05 mm [0.002 in.].

14.3 Microscope—The microscope shall have a filar mi-
crometer eyepiece and sufficient objectives to permit the
measurement of the diameter of impression to within £1 %.
The specimen shall be rigidly supported on the microscope
stage.

14.4 Timer, capable of measuring a time interval of 60 = 0.5
seconds.

© A hardness tester meeting the apparatus requirements of this test method is the
Pfund Indentation Hardness Tester. The instrument is no longer manufactured, but
many are still in use.
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FIG. 1 A F"f!m° T g:Ha' rdness Tester (Shown Before Application of Weight)
AR N N J
Ner

15. Standardization

15.1 Adjust the illumination in the microscope to give
maximum contrast when viewing an indentation.

15.2 By means of a calibrated scale, determine the factor for
each microscope objective that converts the filar scale units of
the eyepiece to millimetres.

15.3 With a 1.0-kg load on the indenter, determine the PHN
of a calibrated standard (Note 2) with an assigned value not
greater than 40 PHN. If the value obtained is within =5 % of
the assigned value, the instrument is considered to be in
calibration.

16. Procedure

16.1 Unless otherwise specified, make the hardness deter-
mination at 23 * 2°C [73.5 £ 3.5°F] and 50 = 5 % relative

humidity, after holding the specimens under these conditions
for not less than 24 hours.

16.2 Rigidly attach the specimens to the instrument stage
such that the surface to be measured is normal to the direction
of indentation (Note 2).

16.3 With a 1.0-kg load on the indenter, carefully bring the
indenter into contact with the specimen surface, apply the full
load, and start the timer.

16.4 At the end of 60 seconds, while still under full load,
rapidly measure the diameter of the circular impression with
the filar eyepiece of the microscope (Note 5). It is very
important that the diameter measurements be made rapidly so
that the time the indenter is in contact with the specimen 18
closely controlled.

Caopyright ASTM international
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16.5 From the measurements obtained 16.4, the information
given in 14.2, and the measured film thickness at the place of

18.1.4 Mean and range of PHN values of the replicate
panels, and

indentation, calculate the depth of indenter penetration. If the 18.1.5 Substrate material.
depth of penetration exceeds three fourths of the coating
thickness, the results may be influenced by substrate proximity.
Consequently, repeat the test with specimens having a greater

film thickness or with a lighter load on the inde.nter.

16.6 Repeat the procedure in 16.3 and 16.4 1@dil a.total of at
least five impressions have been made at svidlelys spaced
locations on the specimen. rescesesces

19. Precision and Bias

19.1 Precision—On the basis of an interlaboratory test of
this method in which operators in four laboratories tested seven
coated panels having a broad range of hardness, the within-
laboratory coefficient of variation was found to be 6 % with 28
df and the between-laboratories coefficient 12 % with 18 df.
Based upon these coefficients, the following criteria should be
used for judging the acceptability of results at the 95 %
confidence level:

17.2 Convert this mean indentation (eameter to millimetres, + 204911 Repeatability—Two results, each the mean of three

using the appropriate factor determineél:ih 152, ¢ ¢ «degerminations on a specimen, obtained by the same operator

060000000006

17.
. . LR ] . LN . T O .
17.1 Calculate the mean indentatior geapteter in filar qmits.

Calculation

-® e

* 2 ishbhidd Bg considered suspect if they differ by more than 18 %

17.3 Calculate the PHN as follows:” se A medbean value,
PHN = L% ¢* 1300, A9L2 "Reproducibility—Two results, each the mean of three
where: seceer . ' Jel&rhlinations on a specimen, obtained by operators in differ-
’ ceese sessscess- « «n} 3dboratories should be considered suspect if they differ by

« s smere than 36 % of their mean value.

ssssne

2 * 19.2 Bias—The bias for the procedure Test Method B for
measuring indentation hardness using the Pfund indenter will
be determained using data prevm.usly generated in round-robin

. . 000
d = mean indentation diameser, pymeosees
200000 o0

18. Report

XN ]
....
s

LR N R N

18.1 Report the, {fidihg informatdphs s o e )
18.1.1 Mean afd ¥3ddes D PHN v4l§e¢g Ddtained for, ecach
specimen, stating the’ §§dEL OF indentdtfdndemade, o4 testmg. oo seee :

18.1.2 Mean film tHitkISS b the "$kimen, bdddd on HYE
measurements made near (e points ok indefifation, se et
18.1.3 Specimen preparation and (iofnditioning' cteehniques

*e e [ N RN N )
used, .

20, .Keywords ,
20,k hafdness (indentatidn)s hardness (Knoop); hardnessfé
(Pfind); Knoop endenter; ?%@r:d kardness tester: Pfund indenter’

SUMMARY OF CHANGES

Committee DOl has identified the location of selected changes to this standard since the last issue
(D1474-98(2008)) that may impact the use of this standard. (Approved November 1, 2013.)

(2) Removed reference to Test Methods D1186 and D1400.
(3) Added reference to Practice D7091.

(1) Various editorial changes, including consistency of SI units
as primary throughout.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsibie technical committee, which you may attend. If you feel that your comments have not recejved a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org). Permission rights to photocopy the standard may also be secured from the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923, Tel: (978) 646-2600; hitp://www.copyright.com/
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