LAMPIRAN

Komposisi kimia baja tuang perkakas hasil prose pegecoran yang mengacu

pada JIS SKD 11

No. Alloy C Si Mn P S Cr Mo
% % % % % % %
1 E 0,505 0,624 0,695 0,0165 0,0101 1,614 0,3102
2 D 0,563 0,52 0,604 0,0179 | 0,0157 1,603 0,465
3 A 0,546 0,884 1,077 0,0162 | 0,0071 1,581 0,4206
4 B 0,502 2,078 1,015 0,0163 | 0,0119 1,563 0,4464
5 C 0,4857 3,081 1,001 0,0165 0,0134 1,548 0,4267
No. Alloy Ni Al Co Cu Nb Ti V
% % % % % % %
1 E 0,0536 | 0,0046 | 0,0045 | 0,0199 | 0,0043 | 0,0023 0,009
2 D 0,0597 | 0,0214 | 0,0038 0,697 0,0021 | 0,0021 0,131
3 A 0,1941 0,02 0,0042 0,84 0,0026 | 0,0036 | 0,1239
4 B 0,1866 | 0,1018 | 0,0039 0,812 0,0023 | 0,0047 | 0,1257
5 C 0,1769 | 0,1065 | 0,0035 0,726 0,0022 | 0,0057 | 0,1201
No. Alloy w Pb Sn As Ca Ce Se
% % % % % % %
1 E <0,01 <0,001 | 0,0004 | 0,0029 | 0,0017 | <0,002 | <0,005
2 D <0,02 0,0034 | <0,0004 | 0,0032 | 0,0003 | <0,003 | <0,006
3 A <0,03 0,0047 | 0,0005 | 0,0027 | 0,0039 | <0,004 | <0,007
4 B <0,04 0,0019 | 0,0005 | 0,0025 | >0,0072 | <0,005 | <0,008
5 C <0,05 0,0013 | 0,0009 | 0,0025 | >0,0072 | <0,006 | <0,009
No. Alloy Ta B N Fe
% % % %
1 E 0,0112 | 0,0011 | 0,0043 96,1
2 D 0,0145 0,0012 0,0059 95,3
3 A 0,0127 | 0,0013 | 0,0023 94,3
4 B 0,0126 0,0012 0,0028 93,1
5 C 0,0113 0,002 0,0008 92,3
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Data pengujian kekerasan permukaan sampel As-Cast

Sample A
d1 d2 dr HV HRC
0.0615 0.0625 0.062 482.3101
0.0645 0.0645 0.0645 445.6463 459.0258 46
0.066 0.0625 0.06425 449.1211
Sample B
d1 d2 dr HV HRC
0.06 0.056 0.058 551.1296
0.06 0.061 0.0605 506.5228 534.6871 51
0.0585 0.058 0.05825 546.409
Sample C
d1 d2 dr HV HRC
0.052 0.0535 0.05275 666.2923
0.053 0.053 0.053 660.0214 672.8684 59
0.051 0.0525 0.05175 692.2915
Data pengujian kekerasan permukaan sampel speroidisi anil
Sampel dl d2 d rata HV HV rata2
0.0865 0.0867 0.0866 247.2145
A 0.0828 0.0825 0.08265 271.4089 | 2494257
0.0885 0.0912 0.08985 229.6538
0.0876 0.0908 0.0892 233.0129
B 0.0868 0.089 0.0879 239.9562 229.513
0.0939 0.0915 0.0927 215.7497
0.0845 0.081 0.08275 270.7533
c 0.0818 0.0844 0.0831 268.4774 | 2079576
0.084 0.0834 0.0837 264.642
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Data pengujian kekerasan permukaan sampel hasil tepering 640°C

sampel dl d2 d rata HV HV rata2
0.0705 0.072 0.07125 365.2078

A 0.0737 0.0719 0.0728 349.8219 | 359.7381
0.072 0.0707 0.07135 364.1848
0.093 0.0908 0.0919 219.5223

B 0.0812 0.0832 0.0822 274.3886 | 240.5953
0.0901 0.0903 0.0902 227.875
0.0805 0.081 0.08075 284.3313

C 0.078 0.074 0.076 320.0834 | 293.6811
0.0835 0.0805 0.082 275.7287

66

Pengaruh silikon (Si)..., Herry Setiawan, FT Ul, 2008




Data pengujian kekerasan sampel A setelah flame hdening

Sampel A
No. d1 d2 dr HV HRC
1 0.051 0.056 0.0535 647.7422 58
2 0.055 0.058 0.0565 580.7816 54
3 0.055 0.058 0.0565 580.7816 54
4 0.057 0.057 0.057 570.6371 54
5 0.057 0.058 0.0575 560.7561 53
6 0.058 0.0575 0.05775 555.9116 53
7 0.057 0.059 0.058 551.1296 52
8 0.055 0.061 0.058 551.1296 52
9 0.0565 0.06 0.05825 546.409 52
10 0.0585 0.061 0.05975 519.3186 50
11 0.06 0.0605 0.06025 510.735 50
12 0.058 0.0625 0.06025 510.735 50
13 0.062 0.059 0.0605 506.5228 49
14 0.0595 0.0615 0.0605 506.5228 49
15 0.0605 0.062 0.06125 494.1941 49
16 0.061 0.062 0.0615 490.1844 48
17 0.061 0.063 0.062 482.3101 48
18 0.061 0.064 0.0625 474.624 47
19 0.061 0.0645 0.06275 470.8497 47
20 0.062 0.064 0.063 467.1202 47
21 0.066 0.066 0.066 425.6198 43
22 0.068 0.067 0.0675 406.9136 41
23 0.069 0.069 0.069 389.414 40
24 0.07 0.07 0.07 378.3673 39
25 0.0705 0.07 0.07025 375.6791 38
26 0.071 0.071 0.071 367.7842 38
27 0.074 0.073 0.0735 343.1903 35
28 0.072 0.081 0.0765 316.8012 32
29 0.076 0.0795 0.07775 306.6966 31
30 0.0765 0.08 0.07825 302.7897 30
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Data pengujian kekerasan sampel B setelah flame hagning

Sampel B
No. d1 d2 dr HV HRC
1 0.05 0.048 0.049 772.1783 63
2 0.05 0.05 0.05 741.6 62
3 0.05 0.0535 0.05175 692.2915 60
4 0.054 0.054 0.054 635.8025 57
5 0.0545 0.0545 0.0545 624.1899 57
6 0.058 0.058 0.058 551.1296 52
7 0.058 0.059 0.0585 541.7488 52
8 0.061 0.061 0.061 498.2532 49
9 0.061 0.061 0.061 498.2532 49
10 0.062 0.0611 0.06155 489.3883 48
11 0.062 0.062 0.062 482.3101 48
12 0.062 0.062 0.062 482.3101 48
13 0.062 0.062 0.062 482.3101 48
14 0.065 0.06 0.0625 474.624 47
15 0.06 0.065 0.0625 474.624 47
16 0.06 0.0655 0.06275 470.8497 47
17 0.064 0.064 0.064 452.6367 45
18 0.064 0.064 0.064 452.6367 45
19 0.064 0.065 0.0645 445.6463 45
20 0.064 0.065 0.0645 445.6463 45
21 0.065 0.064 0.0645 445.6463 45
22 0.0655 0.065 0.06525 435.4604 44
23 0.068 0.063 0.0655 432.1426 44
24 0.064 0.067 0.0655 432.1426 44
25 0.0655 0.0655 0.0655 432.1426 44
26 0.067 0.065 0.066 425.6198 43
27 0.0665 0.0665 0.0665 419.2436 43
28 0.0655 0.068 0.06675 416.1091 42
29 0.065 0.07 0.0675 406.9136 41
30 0.068 0.068 0.068 400.9516 41
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Data pengujian sampel C setelah flame hardening

Sampel C
No. d1 d2 dr HV HRC
1 0.047 0.047 0.047 839.2938 65
2 0.047 0.051 0.049 772.1783 63
3 0.05 0.05 0.05 741.6 62
4 0.05 0.05 0.05 741.6 62
5 0.048 0.053 0.0505 726.9876 61
6 0.0505 0.0525 0.0515 699.0291 60
7 0.052 0.052 0.052 685.6509 60
8 0.052 0.052 0.052 685.6509 60
9 0.054 0.05 0.052 685.6509 60
10 0.051 0.054 0.0525 672.6531 59
11 0.0535 0.0525 0.053 660.0214 58
12 0.054 0.0525 0.05325 653.8385 58
13 0.052 0.0555 0.05375 641.7307 57
14 0.054 0.054 0.054 635.8025 57
15 0.054 0.055 0.0545 624.1899 57
16 0.055 0.055 0.055 612.8926 56
17 0.055 0.055 0.055 612.8926 56
18 0.054 0.0565 0.05525 607.3586 56
19 0.056 0.056 0.056 591.199 55
20 0.057 0.057 0.057 570.6371 54
21 0.057 0.057 0.057 570.6371 54
22 0.056 0.058 0.057 570.6371 54
23 0.057 0.057 0.057 570.6371 54
24 0.057 0.057 0.057 570.6371 54
25 0.057 0.057 0.057 570.6371 54
26 0.0575 0.0575 0.0575 560.7561 53
27 0.057 0.061 0.059 532.6056 51
28 0.06 0.0615 0.06075 502.3624 49
29 0.062 0.062 0.062 482.3101 48
30 0.063 0.061 0.062 482.3101 48
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Designation: E 140 - 02

INTERMATIONAL

Standard Hardness Conversion Tables for Metals
Relationship Among Brinell Hardness, Vickers Hardness,
Rockwell Hardness, Superficial Hardness, Knoop Hardness,

and Scleroscope Hardness'

This stardard is izsusd wuder the fixed deignatoen B 140, the nember d

el fisdl

g the & e your of

itginl adefplios o, in the cke ol revieon, B vear of lul evision A nomber @ pasenBee ndicile Be yeur ol L feapproval. A

supersenpl apailic (5] indcales is adtorial chinge sinte Be lasl povinen o feapjEoval

This anamdid Ra Beae appeonnd e e By gpanclin aff the Diparfment o Difeme

1. Scope

1.1 Comversion Tsble | preseuts data in the Fockwell C
bardaess range oo the relatonship among Brinsll hardpess,
Vickers hardoess, Fockwell hardness, Rockwell superficial
hardness, Enoop kardeess and Scleroscope hardness of non-
anstenitic steels meluding carbon alloy, and ool stesls in the
as-forged, aunealed, nomaslized and guenched and tempered
conditions provided that they are homogeneous.

1.2 Conversion Tshle 2 presents data in the Fockwell B
hardaess range oo the relstonship amons Brinsll handeess
Vickers hardness, Fockwell hardness, Bockwell superficial
hardness, Eopoop hardeess, and Scleroscope hardness of non-
anstenific steels meluding carbon alloy, and tool seels in the
as-forzed, apnealed, pomalized and guenched and tempered
conditions provided char they are homogensons.

1.3 Comverzion Tshle 3 presents data on the relationship
amipng Brinel] bardnas:, Vickers hardness, Fockwell hardness,
Fockwell superficial hardness, and Encop hardness of mickel
and high-nicke] alloys (mckel content over 50 %) These
hardaess cooversion relatienships are miended o apply par-
tcularly 1o die following: nickel-ahnnimmn-zilicen specimens
finished to commnercial mill standards for hardneds tasting,
covering the entre range of thess alloys fom their amealed o
their keavily cold-worked or age-hardeved conditnons, inchad-
g feir intermediare condigons.

1.4 Converzion Tshle 4 presents data on the relafionship
amipngE Brinel] hardnas:, Vickers hardness, Rockwell hardpess,
and Fockwell superficial bardness of carmidgs brass.

1.5 Conversion Tsble 5 presents data on the relationship
bemveen Brinall hardness and Bockwell B hardness of ansten-
iic sminless steal plate in tie sunealed conditon.

1.6 Conversion Tsble § preseuts data on the relationship
bemween Fockwell hardnes: and Fockwell supsrficial hardness
of austenttic sminless stesl shest.

* Theas comvermon tblex we wnder the jerialicten Sl ASTM O 218 i
Mechisacal Teit=g and ae S diresl lity -l Gub mee B2R 05 on
Indenbitisn Handrsn Tealisg

Curest edition approved fas 10, 2002 Pablisbed Febiary 000 Onginally
jpeblisked ai E 180 58 Ll peevisui adiliis B ET

1.7 Cowversion Table 7 preseats data on the relanonship
among Brinel] bardeess Vickers hardness. Fockwall hardness,
Fockwell suparficial hardness. snd Fnoop hardoess of copper.

1.8 Cowversign Tahle & presents data on the relatonship
among Hrinell hardness, Fockwell hardness, and Vickers
hardness of alloyed white mmon.

1% Cowversion Tahle & presents dara on the relanonship
among Brinel] bardeess Vickers hardness. Fockweall hardness,
and Fiockwell superficial bardness of wroughs alominom prod-
HCts.

110 Mamy of the cowversion valnes pressnted bersin were
obtaied fom computer-generated curves of acmal e data,
Mozt Fockwall hardness mumivers are pressnted o the pearast
0.1 or 0.5 hardaess pumber fo penmit accurate reprodnction of
these curves. Since all cooverfed hardness valnes st be
considered approsimste, bhowever all converted Fockwall
bardness mmabers shall be rounded to the nearest whole
mumnber m accordance with Bractice E 29

111 Appendiz X1-Appendix X9 contain equatiens devel-
oped from the data in Tables 1-9. respecovely, o comvart fom
one bardvess scale to apother Since all cowverred hardness
values nmst be considered approsdmare, bowever, all comvered
hardness mrmbers shall be rovmded m accordsnoe wit Pracrice
E249.

1.12 Cooversion of hardness values should be wsed only
when if 15 impossitle to test the marerial mmder the conditons
specified, and when comversion is mads it should be done with
dizcretion and vmder conmolled condinons. Each ope of
hardness test is sulbject o cermain emrors, bur I precautons are
carefully observed, the relisbiliny of hardnass readings made cn
instruments of the indentation rype will be fmd comparzhle.
Diifferences in sensitiviry within the range of a given hardness
scale (for example, Fockwell B) may be greater than berween
mwo different scales or types of instruments. The conversion
vahies, whether from the tables or calonlared from the 2qus-
mnoms, are only approvimate and may be accursts for specific
application.

2. Referenced Docwments
21 ASTM Stamdard::

Copymigsl & ASTH Intemedasel 100 Ha® Haibor Drfea, PO B2e SO0 Veast Conshotodom, PR SEESE0 Lnfsd Seles.
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E 10 Test Method for Brinall Hardness of Metallic Matean-
als*

E 18 Test Method for Fockwell Hardness and Flockwell
Superficial Eardness of Mesallic Materials®

E 29 Pracice for Using Sigpificant Dizres m Taest Dratz o
Datenmineg Conformance with Specificanons®

E 02 Test Method for Vickers Hardoess of Matallic Mate-
mals*

E 3584 Test Method for Microhardness of Marerjzls®

E 448 Practice for Scleroscope Hardness Tesmye of Metallc
Iaterials*

3. Method: for Hardoess Determinations

3.1 The hardeass readings wsed with these conversion tables
shall be determined mw socordance with one of the following
ASTM test methods:

311 Tickers Hordness—Test Method E 92

3.1.2 Bringll Hmeinass—Test Method E 10.

313 Rockwell Hawingss—Test Method E 18 Scales A B,
C,D E F G H K 150 30-N 453 15T, 30-T 45-T, 15-W.

314 Enoop Homdness—Test Method E 384

315 Scieroscope ® Hardness—Practice E 448,

4. Apparatu: and Reference Standard:

41 The appararns and reference standards shall conform o
the description in Test Metheds E92, E 10, E 18, E 334, and
Practice E 448

5. Principle of Method of Conversion

5.1 Tests have proved that even the most reliable data
capmat be fied to 2 single comversicn relationship for all
metals. Indentation bardness is pot 3 smple fimdamental
property but 2 combmation of propermes, and the conmiuabnon
of each to the hardnass puber varies with te type of test. The
mezdnlus of elastcity bas been showm o influence cowversions
ar high hardness levals; and at low hardness levals comversions

¥ drimsal Book of ASTM Scmickardly, Vel 02U
! Arimsal Bovk of ASTM Smickaraly, el 1402
"H.q;.'.l.:rrd Uile=urk of the Zicre natumet ud Minidedarsg Co | Ine.
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betwesn hardness scales measaring depth and those measuming
diarnerer are ikewise infinenced by diferences in the modules
of elazticity. Therafore separate conversion tables are necessary
for different materials.

Mom 1—Hardness comvemion valnes for ofher matals based oo com-

parative test on simxlar measssals kaving simdlar mechamical properiies will
ba 2dded to this standard as the need anises.

4. Simmificance and Use

£.1 The comversion valnes given in the mbles, or caloulated
by the equations ziven iw the appendixes, should coly be
constdared valid for the specific matenials indicared. This is
becaze conversions can be affected by several factors, inclad-
ing the material alloy, zrain smucnoe, beat mesmment, et

62 Sinca the varous types of hardpess testz do mot all
mieasre the same combinaton of material properiies, comver-
ston from one hardnass scale to another is only o approddmare
process. Bacamse of the wide range of varanoon among
diffarent materzals, It is not possible 1o stae confidence linuts
for the srTors in wsing 8 conversion chart Even in the casa of
a table established for & single material, such as the table for
carmidee brass, some emor is mvelved depevding on compo-
sttion and misthods of processing (ses Appendor X1,

63 Because of their approximate nange, comvarsion fables
nmst be regarded as only an estmate of comparatve valnes. It
is rapommended that bardress conversions be applied prims-
rily to walues such as specification lmaits, which are established
by agresmnent or mandase, and that the conversion of test data
be avoided whensver possible.

7. Repaorting of Hardoe:: Numbers

T.1 When reporiing converted hardness mumbers the mes-
sured bardness and test scale shall be mdicated in parentheses

a3 in the following example:
353 HEW (38 HAC)

4. RKevwords:
81 comversion; hardness scale; metallic
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TABLE 1 Approximeate Hardnass Converslon Mumbers for Mon-austenitic Stesls [Rockwsll C Hardnass Ranga)® ®

Rock- Birinell Hardness Mumber™ Wpoon  ockael Hamness Number Rnciowel] Superidal Haniness Mumber & Rock-
well ©  Wickers pre— Tem | Haniness, mﬁ' wel ©
Hardness HAOMEss  giane Camige  MOTDE e D Soale, 54 Soake, 30N Scale 45N Scale e ooness
hurber  Rumzer zal, zal, S-Fard eng 100k 15 I 45-hgf = Humiber
150 kgt (HVI IO+ Eli et Cries [HAA) (HAT) [HR15M]  [HRIFM)  FREEM)  gyrpes o0 S
{HAC) [HBE) (HEW) {HES [HRLC)
g8 340 . . 520 5.5 TE.S 332 3.4 754 7.3 88
E7 300 . . EES 850 61 313 536 742 0 &7
£6 EEH . . 870 845 5.4 Erl £l EEE 527 EE
£S5 B3z . (738 842 CEE T4.5 322 3.5 720 e e
£4 B0 . 723 822 B34 T3.H 1.8 g1.1 e EEE B4
£3 7z . (TOS) T B1E 720 .4 801 - L 53
£2 T4E . (588 TE 2.3 72.2 .1 723 EEE 345 g2
£ TH . 16T 54 18 4.5 E v TEd 7.7 i1 E1
£0 En . 1654) TiZ B1.2 07 0.2 TS BGE 0.5 51
=3 &74 . 534 IO 0T 5.3 T TEE 5 780 £y
L B53 . Sk 530 80.1 5.2 EEE] TET B43 7 )
57 B33 335 670 735 8.5 X T4.8 B3I TEE 57
£ B3 T B850 730 7T B3 REL 20 740 EE
EE 535 250 530 785 6.5 En EEL EE 24 55
S 577 543 g2 780 6.1 574 TZD EEE 0 54
53 580 y 525 534 74 5.4 £ 7.2 EET E54 53
52 544 (500} 52 578 TE.E B4 £ 0.2 574 E7.5 52
& 525 (487) 436 553 7E.3 EEE X 554 551 BES 51
Eh| 513 (475) 43 54T 75 3.4 =1 555 550 851 51
43 e (464] 455 528 752 2.1 30 &TE 538 CEN 43
48 484 451 435 510 AT 1.4 #5 B 5z B4 45
47 &7 442 443 a3 T4 i EEE 558 514 1.1 &5
48 a8 432 432 280 T8 0.0 335 N 503 EEE 45
45 a5 42 4 458 734 5.2 530 &40 430 Bt 45
a4 43 408 405 a5z 725 8.5 Enl §3.1 &5 573 &
43 &3 400 400 a3z 720 77 520 522 57 .1 43
42 4z 340 350 . 3 TS 2.3 15 1.3 43s 348 £
41 & 38 35 414 70 5.2 503 0.4 a3 Exh 4
4 382 m 37 . 04 e z0.4 Eer 431 B £
EE 382 62 32 EE) CEE 346 TE SEE B B EE]
EL Iz 33 353 380 B34 EEN TEA 57.7 s S04 kLS
7 383 44 344 E R 534 TEE 5.8 EET 453 £
EL 354 336 336 EE B84 2.3 TEI 555 384 2 EE
L R 37 7 EEY BT 345 77T 530 7z 474 L
34 13 315 Ik Mz 74 0.8 ™2 54.3 351 4.1 M
EE EFr Eatl 1 e BE.E 00 TEE 53.3 M3 454 EE}
2 L 3 El e B3 45.2 TEA 529 EER EER Er)
3 Ep e 54 54 & B5.E 484 TEE 1.3 azs 434 3
En| 30z 86 e M EE.3 477 7= =04 3 2 3
b P! 78 s I B4.5 470 T4.5 435 301 4.3 el
bl 288 m iy 27 B4.3 4.1 T35 436 288 404 2%
e s 64 264 230 3.8 45.2 733 477 s 185 Frd
b w2 b 58 284 B33 445 TLE 458 %7 £ %
5 268 %3 3 P BLE 438 722 435 s T i
P 260 47 47 w2 24 434 T.E 450 M43 370 M
P 254 43 43 25 2.0 42.1 7.0 440 231 363 23
2 245 37 =7 P 1.5 4B TS 432 20 55 z
F M3 3 = 225 E1.0 40.8 §5.3 423 ;7 4.5 Y
m 23 26 P P B1.5 401 §5.4 415 1958 342 20

*1n the facls neadings, fvoe relers b il kst foroes,

¥ sppendx X1 oontains equations convering detemeired aninsss scale mumbers o Rockwel T hamness nambers for nom-gusteniic steels. Foefer io 1.11 befors using
conversion eguations

& Tre Brinell hardnzss rzmzers. in perentheses are guiside e range recormmended for Brinedl kandness kesfing In 2.1 of Test Meihod E 10

U These Bclercsoome hardness coryersions ane Dased on Vickers—Sciensoope Mendness relafonsnips dessloped from Vickers handness data provided oy e Maboral
Bureau of Sfandards for 13 siesd reference biocks, Sclercscope hardness walues cbisined on thess blocks by Se Shore Instument and kg Co., Inc., the Roll
Marufaciurers insShuiz, and members of s Insifiuie, and also on kandness comeersions previously published by the Amercan Soclety for Megals and the Raoll
Marutschurers instire.
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Designation: E 92 — 82 (Reapproved 2003)*2

Standard Test Method for

Vickers Hardness of Metallic Materials'

Thia atiedard iy isued under the fixed deaignatoen E 92, the nember immadiniely ollowizg e deaignation indicate the year ol orniginal
inderplion of, 2 the ease al revisien, the year ol list ievision. A nussher i pasenthescs sudicates the year ol list reaperoval. A superssipl
epailon (5] indicaten in edibona] change aines the lanl fevision o eappeovil

This araedivd ho bt gpenad i e By dpenciis af the Dipartment of Difeae

&' Nom—Section 3.2 was edionally wpdxiad in fune 2003
& Won—Tikla 3 nas editorially comected in Foma 3004

1. Scope

1.1 Thus fest method covers the determuration of the Vickers
bardness of metallic matenals, using apphed forces of 1 kef o
120 kgt the verification of Vickers herdness testng machines
(Part B}, snd the calibexton of standardized hardness tesr
blecks (Parmt C). Two general classes of standard tests am=
recognized:

111 Fergfication, Laboratory, or Rgiwee Tests, where 3
ligh degree of accuracy is required

1.1 Rowfine Testr, where 3 somewhar lower degres of
gocuracy is penmissible.

1.2 Thiz standard dogs mot purpart fo adiress all gf the
sgfery comcarns, if ey associated with i wse. I in fhe
responsibiliny gf the wnar off thiz stomdard fo establish appro-
priaie sqfety and health praciices and determing the appiica-
bility of repulatory mitations prior fo whe.

1. Referenced Dornment:

2.1 ASTM Sravdmrds:

E 4 Practices for Force Verification of Testing Machines®

E 140 Hardvess Comversion Tables for Metals (Felationship
Among Brivell Hardness, Vickers Hardness, Fockwell
Hardness, Fockwell Superficial Hardness, Enoop Hard-
ez, and Scleroscope Hardness)

FThin sesl sestod @ under he jurisdistios of ASTM Commille: B2 on
hedachissal Tealifg s i the diresl reaporekilily of Sul EIRDE on
[ndentation Hundnson Teatey

Cosrest edion eppeovel lin 10, 1003, Publshed Ageil 2003, Owginilly
appeoved i 1957 Lanl jrevios eliben gppeeved in 1097 i E02-81 197,

Lf proseders covering Vicken beits wsing applind foeees of 1 gl e D000 g1
kgl sy ke Fourd in Teat Methed E 384, Teat Methal for Micromdesiaton
Hardnesa of Malerials, appeareyg in fhe danial Book af ASTA Standands, Vel 0301

" Arsmal Boadk off ASTM Smickerds, Wl 0300

E 334 Test Medwod for Mcroindentation Hardness of Ba-
terials’
3. Terminology

3.1 caftbrafon—determimation of the values of the sizpnifi-
Capt paramsters by comiparison with vahies mdicated by a
raferance insmument or by 2 sef of reference standards.

3.1 verffieaton—confinmation by exammstion and provi-
sion of evidence that an insmument, marerial, reference. or
standard is m conforance with a specificancn

33 Wickers hardngss number; HT—a oumber ralated to the
applied force and the surface area of the permanent impressica
made by a square-bazed pyranudsl dismond indenter having
included face angles of 1367 (see Fiz | and Table 1), computed
from the equation:

BV = 2 sizm [e2)'d” = 1LERHPI i
wihese:
F = force, kzf
d = mean disgonal of mopression, mm, and
o = face angle of dismond = 13567

34 Wckers hardness fesi—an indentation herdpess fest
nsmg calibrated machives o force 3 squars-based peranida]
diarnond mdemter kaving specified face anzles, inder 2 prada-
termuned force, into the surface of the material wader fest and
o measure the diagomals of the resnltng impression after
remaval of the force.

341 Vickers hardness fests are made at test forces of [ kgf
to 120 kef.

3.4.2 For practical purposes the Vickers hardness noumber is
constant when 3 sguare-based diamond pyvranud wit a face
anzle of 136° is nsed with applied forces of 3 kef and higher,

Loprmigsl & ASTH IntermmBesel 100 Ha® Haibor Crfea, PO B OO0 Veai Condhohodoan, 5 S-S50 Unfs] Selis.
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mpponite faces

FIG. 1 Vickers Hardnass Taat (ses Tabla 1)

TABLE 1 Symbois and Deslgnations escclated with Fig. 1

umber Skl Cesignation
1 " Angie at the vertex of the pyramidal in-
demer [138")
P F Test farce in kllograms-fonce
3 d Arithmetic mzan of the feo Jagonas o
and o?

TAELE 2 Vickers Hardnaag Numbars
{Dlamand, 136" Face Anglz, force of 1 ki)

Dlagonal of ‘ichars Hardness Mumber for Diagonal Measured b 00000 mm
Imoression
mm 0,000 il vy [uliifiarg 0007z 0.03 0.0a= 0.000& ouoaoy 0.0 [.020S
0.0 T4 170 T =0 8580 €6 020 E3530 &1 200 55130 S70:0 5120 32T
0,02 51540 45 =40 43 240 46720 45270 43820 42570 44 310 40100 %0
oo 37240 36 730 =T 34800 31350 3z 32100 3 280 3040 BT
0.0 285m0 28 260 ZT 580 g 15280 25870 Py 24 500 2350 240
00X 22850 P 810 &n 530 2E=0 0130 15710 15 310 18520
i [} 18340 18180 1TED iv &30 17140 16820 16 500 16 200 15 500 18510
0.0 15330 151ED 14780 14 520 470 14020 1370 13550 13330 13050
oz 12280 12570 12480 12280 12080 11 270 1180 11500 1320 11440
0oz 105 10510 1040 10230 10330 10170 10000 5820 5737 o8
.04 541 57 513 S0es -4 g&a0 BESg g5z 245k B33
i £ 8242 B33 B Tz TS THE Tel T8 T4 T8
0e T4 714 TD8s [3-r- ] BE¥ &A1t BTH B85 BESTD E453
il i BEdiE B 342 B 262 E13% B1ZS BIES SR £315 L} x ! ETET
i g -4 Lyp] 5eel E538 83T 24T g4z S 30 £33 g B 1=
o= 5137 5@ Yk ] 4972 437 4577 4317 4778 470 4853
il o} 4E36 £550 4545 4 500 445 4413 4370 4338 4 228 4 245
il g | 4205 £1eE 412 4037 4045 4z 39Te 1938 3902 15k
oz 3E3 7er 1762 iTx 353 el ord 3521 31555 357 353
0oz 3505 347E 14z 14 1357 1%s 135 33 1IT4 3124
0.0z 3zi9 313 3186 1140 318 k] 104 315 IME 2=
0oz 2567 233 2930 2837 2874 2EET 2530 2808 2TeE 274
iz 2743 2T 27 26581 2861 2541 2621 28 2523 2563
ooz 1542 2515 2506 2482 2470 2452 2434 2417 2355 232
0oz 2385 2348 233 2315 229 2283 26T 2251 2236 240
0= 2205 2150 217 2 180 2145 213 2116 2102 20e8 2074
0030 206l 2147 2032 2020 2007 1953 13:0 1328 195 1342
0,03 1530 137 183 1833 1581 1865 187 k- 1534 152
il 1811 1 200 1788 17 1766 1756 1TdE 17 1T 1713
il 1703 1853 1652 1672 862 1652 1542 1633 a8 1814
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TABLE 2 Continueg

Disgonal of ‘ickars Hardness Mumer for Diagonal Measured to 0.000H mm
Imorassion
mm 0,000 [.000F o.0oaz el E] .00 o= u0D%E ouoaaT uoaoe 0.000%
0.0 1804 1555 158 1701 1 567 1558 1545 1540 1531 1522
0.0 1544 1 502 {497 145 1 480 147 1483 1428 1447 438
0= 1421 1423 1412 1807 1400 1352 1384 1377 1365 1362
0.037 1385 1247 1 340 1332 132 1312 1312 130E 1248 12
0.oz= 1284 1277 1A 1264 1258 1254 i 128 15 125
0.0z 1219 1212 1207 121 113 1188 1122 1177 117 11EE
0,040 11E8 1153 1147 1142 113 1134 1122 1118 1144 1109
0,041 1103 108 108z 087 1082 107 1072 1056 10:1 1156
042 1054 1ME 141 103 1031 17 12 107 102 11008
0,043 1003 £ EESS ] EE 830 £ cra| T %2
0.0 58 3 a3 £ E3| EE-S EEXS Az EXCS 20
0= Si6 2 £ ] Ex 530 B B3z 252 224 820
0.04 &7 T BES Bes BE 8B5S g4 550 T 42
0.7 235 536 H3Z S H2S BZE Biz 2= Bz 208
O0.042 £05 - TE = [i=F4 TEE TE TEZ Tra TS
0= T2 Te8 TEE TR TE0 TaF T 7= TdE TdE
0.os0 T4 T35 1% 733 70 TIT T4 T2 T8 TE
0,051 T3 7O T 75 Tz BB B3 2 | 828
0052 EBR 823 B& B7E B7S B73 B 552 SRS Be3
0,053 =] B8 B B53 B50 B4 s B4 = 838
0.054 &35 234 BA B3 T 524 BX2 a0 T 3H
0.0 513 Bl EDY =1 B4 Edz B02 538 o= 593
0.0 £ | 589 ST SBS - E] M LT LTI LT LTE]
0.osy =Tl 555 ERT SES ER3 Al 553 LT 855 853
0.0 =1 545 7 2 ) g2 520 533 8% LE ]
0.os=s 53 L X 57 > g4 LT 520 519 Ei6E
0.0s0 5151 2134 ) iy Ei0D Els3 EleE i El33 EME =]
0.084 a4 4557 4551 4835 43 = 4503 4887 4871 4855 40
0.0s2 £524 4805 4733 4775 4T3 4747 4733 a7 4702 4887
0.083 &57.2 4657 4843 4625 4513 4535 4554 45710 4556 4541
0.0 &517 45132 4455 4285 471 s T —d 430 41e 403
0.0ss £325 437k 4362 4385 4335 4127 4305 4258 42873 4rn
0.0ss £a57 4224 4231 4215 4205 4133 4121 4188 4158 4143
0.0s7 321 4115 4108 4054 4083 4070 405 = aME 4034 4122
0.0s2 1.0 3595 358.7 s 3566 3552 340 429 /= /e
0.08= IW|E 3854 AT F 3861 3850 H3 8 382 T 3806 s
0.0 a4 3774 aTe3 75z T4z il 3720 o 3635 e85
0.0 367.5 3658 31655 3piz 3R37 3h2 T /T 0T 3EaT k3T
007z 3T 3567 3557 35aT 3535 32 E 351E 31505 EEL] -]
0o a0 Eorl 3451 3281 M3 ok k vk =14 20s e
0.074 I=E T 33eE 3355 330 i3\ 3332 2z 34 335
0= =T 3288 ixrs o %3 353 U 1236 ny s
0o 1.0 32 1184 3BS HTT 69 HeD 352 44 Hie
0o LB 320 14 iz kb a7 rs 7z 3054 5E
0.07z 3.2 3D a0z s b e k] 300z 2534 282¢ P p-
il -} 2471 2554 2956 2845 21 1534 927 318 91z 2505
0.0s0 25T 2830 2883 2076 2865 2862 2854 47 2840 2833
0.0 2HE 2815 2812 280E Iras raz 2785 s A IMes
0052 IT5.B 2751 ITed I73E 731 724 Py B4 Fia | s 2638
0053 2652 2685 2678 2672 2h6E 2660 2653 4T 2841 26834
0.0 2628 2622 2E1E 2605 2603 8T 2531 2585 878 673
0.0 2EET 2561 =1 2545 e 2E3T 2531 2825 2518 28132
0.oss 2507 250 1 2485 24580 2284 -3 T3 88T 2851 P21
0.0s7 ML 2444 241 2433 Pl 22 Z g Y 2811 280k 2800
0.0 285 2385 2384 37E 73 13/E 2363 2357 2353 IdE
0.0s= 24,1 233E 2331 2315 2320 pcy Y 2310 3% 2300 2234
0.00 225 2284 278 2174 2265 1284 2259 1254 IMs 2244
0.0 135 2234 328 i prrdil Ns N0 pr.1 L 2200 HaE
0.osz 2191 218k 281 LT HTA HeT 263 158 253 248
0.0 214.4 2135 H3is pakii] H2E H21 o .2 palak- palik
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TABLE 2 Conninueg

Diagonal of Wickers Hardness Mumier for Dagonal Measured to 00009 mm

Impresshor
mm ooaoca 0000 o.ooaz CLooaz =l a3 QDo el e Qoo ougace 0.0a05
0.0 235 2094 2080 2085 2081 AT E il i - 2063 2059
0.0 2EE 2050 i 2043 2038 2033 plird-} s 2024 e
0.0 2.2 2008 2004 2000 335 1341 1387 fag 3z 1575 iws
L.osv j-rife 1957 1563 1855 1955 1851 1947 184z 1935 1935
0o 1931 927 1523 18915 9L 1814 907 1804 1800 1B e
0.0 1822 1BE B 1884 1881 im.T 173 1869 iBs 6 i85 2 1855

Ar lower rest forces the Vickers hardness may be fooce-
dependenr. In Table 2 are given the VWickers hardness numbers
for a test force of | ki For obtaming hardeass monbers when
other test forces are uwsed, the Wickers hardmess momber
obtzined from Table 2 iz ominplied by the test force In
ktlograms-force (Table 3).

Kom 1—The Vickers bandness mumbsr i followed by the symbel HV

TABLE 3 Dacimal Polnt Findar for Uss with Table 2
An exampie of determination of haminess numbers fallows the table

Diagonal Length, \Wickers Harcness (HY1,
[ ] 1-kgf Force
0.00% 74 200
0.2 51 500
007 37 E00
0008 23 00
1.005 22 500
0.10 18540
0020 4840
0030 2 0l
0,40 1158
020 742
.00 =15
070 iTH
0320 50
070 29
0.1C0 1854
0.200 454
0.300 205
0400 15
0.500 TAZ
0500 CRH]
0.720 iTE
0.500 250
0.500 15
1.000 185
1.100 153
1200 1.5
1.300 1.4
1.400 0.8
1.500 0.524
1500 0.724
1.700 042
1.500 0572
1.500 0.544
2000 044

Evampie—zing a S0-&g! test force, the average mexsured dagonal l=ngth
= 0544 mm
In Tabie 2 read:
H = 447 at Q0ES4-mn diagonal I=ngth at 1-kgl force.
Using Tazie 3 defemmine:
Hy =427 o 0 E&d-mm clagonal l=ngth ot 1-kgf force.

50 447 = 224 B for S0-ky best foroe
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with 2 muffix pumber denotng the force and secomd sufix muncher

izdicating tha duration of forcaing whan the laster diSors from 1010 155,

which is the normal force fime. Eoample:

440 HY 30 = Vickers Eardeess of 440 mezsmred undar a forcae of 30 kgf
applied for 10 to 15 5.

440 BV 30:20 = Vicksss hardnsss of 440 measured under 2 foros of 30
kgt applisd for 20 5.

A GENERAL DESCEIFTION AND TEST
FROCEDURE FOE VICEERS HARDNESS TESTS

4. Apparatus

4.1 Tesfing Machime—Equipment for Vickers hardness test-
ing usnally consists of 2 esting machine which supports the
specimen awd permits the indenter zud the specimen to be
bronght inte contact gradnally and smoothly mder & pradeoter-
miined force, which is spplied for 3 fxed period of mme. The
desizn of the machine should be swch thar no recking or Lateral
miovernent of the mdewter or specimen is permined while the
ferce 15 being applied or removed. A measuring microscope is
usually momied on the machine in such a maoner thar the
impression in the specimen may be readily located in the
optcal field

42 Mdenser:

421 The indeater shall be a highly polished, peinted,
seuare-based pyranedal dismond with face apgles of 136° =
30 min.

422 Al four faces of the mdenter shall be equally melined
1o the axts of the mdevter (within =30 muin) snd meet &t a sharp
point, that is, the line of juncnon between opposite faces shall
not be more than 0001 oo in length a5 shown in Fiz. 2

423 The dizmond should be examined pesiodically and if it
iz loose in the mounting marerial, chipped or cracked it should
be discardad oo reconditoned.

.._J‘_.Dm| T i,

FI. 2 Junction of indentar Faces

Pengaruh silikon (Si)..., Herry Setiawan, FT Ul, 2008



il £ 92 - 82 (2003

TABLE 4 Comection Factors for Use In Vickers Hardness Teats
Mada on Spherical Surfaces

Corriex Suriace

Kom 2—The conditioz of the point of the indenter & of consdarable
imzportance whare the test force s light and the mopressics i small. It s
racommendid teat the peizt be periodically checked by sxamming zn
imzpreszion mads in 2 polished stesl block. Under 2 magniSication of 610%

Concave Sutfsce

or more, zsing a vertical dluminaor, any chipping or roending of the poizt - feny Comection Facior aot D‘:;:mﬂ:"
can be detected and the extent of the defsct measursd with a Alar p ”
micromzetar. It i recommsaded that a dameozd pyramid indentar should o :I.;E o s
not be used for sests in which the maxizmm lkegth of such 2 defec: ;E{: gég gfg H:E
sxcands 5 % of tha lozgih of the impression diago=al - o

43 Maasuring Micrascope—The divisions of the nricrome- i s b e
ter scale of the meanmupz mucroscope or other messuring 2028 0570 i 1,030
device shall be 5o consmmcted thar the lengh of the diagonals ' i
of an impression in a properly surface-finished specimen (zes ;EE: g::g gg? lﬁ
seciion 3.1.2) can be measured to within =0.0005 mm or =0.5 1043 mess oiEs 1.5
s, whichever is larger. )

0043 550 n.o28 11250

) . 0055 0545 0o 10358
&. Test Specimen aoEd 0540 0.5 11260

5.1 The Vickers hardness tast iz ME ma de‘mH}' Q0ET asas 0048 1088
of test specimens ranzing from large bars and rollad sactions o il h=ch] o= 117D
mimite pieces in metallographic mowmsts. In zeneral the backs i e L i
of the specimens shall be so fmished or the specimens shall be ares nz21 ane7 45
s clamped thar thers s no possibility of thelr rocking or ans3 L 0.ED 11385
shifting under the test force. The specimens shall alsp conform e A= o o
o the reql.IIIEﬂ.'EJE gﬂ'Eﬂ in the ﬁ:l]'.ﬂ'h'.lﬂg 511. 512, and 107 1505 1066 {8
513 1114 1500 01063 1.100

5.1.1 Thicknaess—The thickness of the test specimen shall L -~ aem e
be such that mo lIL.I.EE' ar III.BItmg Ehm"i]lg the afact of the o120 ] o 1410
force appears on the side of the specimen opposite the 1129 0285 077 1.115
mnpression. In amy event the tickness of the specimen shall be - theg L C
ar least one and one kalf nmes the length of the diagona] When 155 DETS 00E2 1135
larninafed material is tested the duckpess of the ndividual QAES 1570 ooes e
component being tested shall be nsed for the thickness- P 05 o R
diagomal lengrh relatiomship. 0188 120 niEs 1.140

512 Fimish—The sarface of the :pecimen shonld be so 0185 155 0051 1148
prepared that the ends of the diagonals are clearly defined and - | Ca acs s
can ba read with precision of =0.0005 mm or =0.5 % of the A= diameier of spnere.

of'm mzar o In millmeters.

length of the diagomals, whichever is larger Care should be w B -
[akeu_ I specimen puepg:auun' e avoud Tenpering '_ during Exrpie 1, Comey Sphere:
grnnding, or work-bardening the surface diring polishing. Diameder of spners, O =10 mm

513 Aligmmews—The specimen should be so prepared or Lz =1 kgt
mouated that the surface is normal to the axis of the indeuter g e -Eerm
within =1% of angle. Thiz can readily be accomplizhed by From Tabies 2 and 3, HY - 524
surface grinding (or otherwiza machinmg) the oppostte side of From TﬂngE 4{;{_.["15?”"" -
the specimen to parallelism with the side to be tested. e CEnmin

5.14 Rading gf Comvanure—Unal firther imvestizamye work Exampis . Concave Cyinder; One Diagonal Favaded o Awls:
iz accomplisbed to determine the effect of the radins of m*"’"?‘"“’ = :‘;'E"b’;
CIIVETIE an IE.BJ:]J':D;EL due cantion should be used in WETpTR- Wiean dagonal of Impression, o -1
g or acceping the results of tests miade on cylindmcal @0 = 14155 = 0053
surfaces. From Tabies 2 and 3, HY =323

From Tagie &, comeclion factor =107
Kom 3—A method recommendsad by the Intmational Organization for Hardress of cylncer = 325 1.075 =347 HY 3L

Stemdardizafion for pormecting Vickers hardeess readizgs taken oz sphar-
cal oz cylindsical surfaces i given in Table 4, Table 3, and Tabls 5.

Kom 4—These tzbles ge comection f2ctoms oo be applied 1o Vickers
hardnzs: valzs obeained whaz tests are made oz sphadcal er cylindrical
surfacas, The comaction factors are fabulated in tarms of the mito of the
maen diagozal o of the indentation o the dismeessr D of the sphers or
cylizdar Examples of tha use of thess tzbles 2m:

77

6. Verification of Apparaius

£.1 The hardness testing machine shall be verified & spaci-

fied in Part B.

6.1.1 Two acceprabla methods of verifying Vickers hardness

tesmng machines are given in Part B.
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TABLE 5 Correction Factors for Use In Vickers Hardnaes Tests
Mada on Cylindrical Surfaces
{Dlagonals at 45" o the aus)

TABLE & Comection Factors for Use In Vickers Hardnass Teats
Mads on Cylindrical Surfaces
{One diagonal paraliel to ads)

Carreex Suface Concae Surace Comeex Suface Concave Sufsce
o Correction Facior o Caomeclion Fachor o Comection Facior o Comection Factor
0023 L hNE 1.005 0.003 R [ 1.035
[ T 1550 ooiT 1.020 0.019 0550 0053 1.040
(i 1588 0O25 1.015 0.029 HEEE e 1.45
0.041 0580 0053 150
(ih 1580 o34 1.020 0054 T 0057 1158
0044 2575 o042 1.025 0083 07e 007 1060
(h 2570 0053 1.03 noss I 0ove 11088
0404 0560 0ovs 1070
(i 1368 noss 1.035 0126 e 0053 1.075
e 2560 hEE 1.040 0.153 S 0057 1.080
ey 1558 (ihE 1.045 0183 0548 000 1185
0243 0540 [hEE 1050
(hE 1550 0.082 1.05
0037 1.085
0100 1545 R EE 1.055
0438 2541 a7 1.080 NG o =
0.148 2538 004 1.085 0105 1410
29 1530 0112 1.070 a0 y e 0108 1415
3% 1528 0415 1.075 ot 1420
D143 2520 oz 1.082 - - o i
.. =l ‘- -
Eﬁ E:: E:::' :'Eg 0023 1108 0118 1.438
- B
.03 1.020 0120 1.440
i 2sce sias 558 oo = b 1148
(RES 0500 0458 1.900 e :
.20 BEES o162 1.405 D w dlameter of cylrder,
o= ean dagonal of Imgesssion Inomilmelers.
0463 1410
0476 11415
e by = 3. Measurement of Impression
L] 1.425 £.1 Both dizgonzls of the impression shall be measured and
o = their mean value uzed as a basis for calonlation of the Vickers
} ’ hardness mnnber It is recommended that the measuremen: be
0208 1.440 miade with the inpression cenfered as pearly as possible o the
2511: :"'g fald of the microscope.
- £2 In the case of anispimopic matenals, for exampls mafs-
A0 w dameser of cyindsr

Jw= mzan dizgonal of meression in milmeters.

7. Procedure

1.1 Muagnitude of Toasf Force—Test forces of 1 kef o 120
kgt may be used, dependinz on the requirements of the test.
Although fests on homogensons materials mdicate that the
Wickers hamdness mumber is mearly independenr of the fes
farce, this condition will not be praseut In cases whers thers is
a bardeess gradient from the specirmsn surface to the mterior of
the specimen The mazmimde of the test force should therefors
be stated in the test mport (3ection 11).

1.2 Application of Tesr Forpe—Apply thee test force and
relesse smoothly witowr shock or vibradon The nme of
application of the full test force shall be 10 to 15 5, umless
otherwize specified

1.3 Spacing qf Indentations—The center of the impression
shall not be closer fo any edze of the test specimen of o
another irpression than 3 distance equal to two and one balf
rimes the lensth of dizzonal of the impreszion. When Laminared
ruestarial 15 tested, A bond surface shall be considerad a5 an adge
far spacing of indentation calmulations.
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rigls thar have been heavily cold worked there may be a
difference berwesn the lengths of the two diagonsls of the
impression. In such cases, the fest specimen should be reari-
enfed oo that the diagonals of 3 new Impression are approxi-
miately of equal lenzih.

9. Accuracy

&1 The acomacy of the Vicksrs hardpes: methed is a
function of the accuracies of the test force, mdenter, and
measring device. The condition of the test and suppost
surfaces and support of the test piece during application of the
test force also affert accuracy. Under optinmm conditions of
these factors the acouracy that can be expected is the equivalent
af 4 % of the Vickers hardness number of the standsrdized
reference hardness test blocks (see secdea 18.2). Under less
than ides] condinens the reduction i scoiracy, when requirad,
can be established empirically by emploving smnstical meth-
ads.

10, Conversion to Other Hardnes: Scales or Tensile
Strength Values
101 There iz oo general methed for cowverting acourately
Vickars hardnecs muonbers to other hardness scalss or tansile
smength valnes. Such couversioas ars, ar best, spproximanons
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and therefore should be avoided exceps for special cases whera
8 melisble basis for the spproximate conversions has been
obitained by comparison tasts.

Kom $—5tamderd E 140 ghws approximsis convarsioz valms for
specific matarials sock 2s steel, wicksl apd Egh-mickel allevs, =nd
cariridga hrass

11. Repaort

11.1 The report shall include the following information:

1111 The Vickers hardness mumber,

11.1.2 The rest force used (see 3.4.2, Mot 1), and

11.1.3 The force application tme, if other tan 10 to 15 5
(see 3.4.2, Motz 1)

1. Precizion and Bias

12.1 Dme to the wide varety of materials tested by this
merhod snd the possible vanatdons iwotest specimens the
precision of this methed has not been establizhed. The accepted
practice iz o wurlize the informaron in 9.1 when establishins
hardness tolerances for spacific applications. The precision of
this method whether mvolving 3 single operator, muldple
operztors, of oulnple lsborstories, can be esmblished by
employving sanstcal methods.

E. VERIFICATION OF VICKERS HARDNESS
TESTING MACHINES

13, Scope

131 Panmt B covers two procedues for the venfication of
Vickers hardpess restmz machines and a procedure that is
reconenended for wse o confirm thar the machine has mor
become maladmsted m o the infervals between the periodical
rounne checks. The owo methods of venfication are:

13.1.1 Zeparste verification of force applicston, mdenter
and measuring micrescope.

13.1.2 Vertification by standardized test block method.

13.2 The first procedure (13.1.1) is mendstory for new and
rebuilt machines.

133 The second procedure (13.1.2) shall be uzed for ven-
fymg machines in service.

14. General Fequirement:

14.1 Bafore a Vickers hardpess festing machims is verified
the machine shall be examimed to ensure that:

14.1.1 The machine is properly set up.

1412 The indenter holder is mownred normally m the
plunger

14.13 The force can be applied and removed withour shock
or vibraton in such 8 moemmer that the readings are motf
nfinenced

14.2 If the messuring device is imegral with the machine
the machme shall be examuned to ensurs that:

1421 The change from forceing to messuring does mot
finence the readings.

1422 The method of ihoninatdon does not afect the
readings.

1423 The center of the mpression s in the cewtsr of the
field of view.
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15, Verification

151 Separaie Ferificarion of Force Application, Indenter,
and Measuring Micmoscape:

1511 force Appifcaiion—The applied force shall be
chacked by the we of dead weights apd proving levers, ar by
an elastic calibration device or springs in the manser described
in Pracmices E 4 Such dead weights or other forceing devizes
shall be soourate to =002 %6 Vickers hardnass testing machines
shall be verifiad ar a miminnwm of thres applisd forces inclnding
the fest force specified. A mininunn of three readings should be
taken ar each force, A Vickers hardness testing maching is
aocepable for use over a forceing range within which the
maching emor does aof excesd =1 %

15.1.2 Irdenrer—The fomn of the dismend indenter shall be
venfed by divect measurement of its shape or by measuns-
mients of its projection on A screen. The ansle benveen opposite
faces of the pyramdid shall be 136 = 30 min A1l four faces
shall be equally inclived to the axis of the pyramid within = 30
min The four faces of indenters wsed for Laboratory, or routine
tests, shall mest st a point po more than 0001 pun m length
(sea Fiz. 2). The four faces of indenters used in calibratng
standardized hardness test blocks chall meer ar 3 poiar in
winch the e of joancnon between opposite faces is no more
than 000005 num in leneth (s=e Fip 3} The quadnlacers] that
wionld be formmed by the intersection of the four faces with a
plane perpendicular to the axis of the indenter shall have sngles
of 90F = 12 mim.

1513 Meanasing Microscope—The measuring micrascape
or other device for measunng the diazonals of the inpressicn
shall be calibrared againgt ap sconrately mled line scale (stage
miicrameter). The errors of the line sezle shall not exceed 0.05
pm (000005 mm) or 005 % of any interval, whichever is
greater. The messuring microscope shall be calibrated thronzh-
our ifs range of use and a calibration factor chosen such thar the
error shiall oot exceed 2005 % It ey be necessary o divide
the complete range of the micrometer microscope i several
subranges, aach having its own facior

152 Ferification By Standmrdized Test Block Mathod:

1521 A Vickers hardness testimg mackine nsad only for
ronting testing may be chacked by making 3 series of impres-
sions on standardized hardness fest blocks (Part C).

1527 A pupinom of fve Vickers hardness readings shall
be taken on at least three blocks having different levels of

FIG. 3 Junction of Indentar Faces
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hardness using a test force or forces as specified by the wser
with the test force applied for 12 5.

1523 Vickers hardness testing machines shall be consid-
erad verified if the mean diagonal for five hardeess impressions
meers the regurements of 17.2.

14. Procedure for Periodic Checls by the User

16.1 Verificaten by the standardized test block methed
(15.2.2) is too lensthy for daily use. Instead the following is
recormmendead:

16.1.1 Make at least one rownpe check each dey thar the
testing machms s wsed.

16.12 Before making the check, venfy that the zero reading
of the messring apparats is comectly adjnsed

16.13 Make ar lesst five hardness readings on & standard-
1zed bardness test block oo the scale and at the hardness level
at which the mackine is being nsed. If the values fall within the
range of the standardized hardness test block the machine may
be regarded as sadsfactory; if mof the machine should be
verified as described in 1522

17. Eepeatability and Errar

17.1 Repemiabilin:

17.1.1 For each standardized block, lat o). o), — d; be the
arithimetic means of the two dizzonals of the mdentations,
arranged tw incressing order of mapninude.

17.12 The repeatabilbiny of the machive vmder the pardolar
verification condifions is expressad by the quantiy &, — o).

17.2 Error:

1721 The ermror of the machine under the particular verifi-
cation conditions is exprassed by the quantity — d, whera
=id, +dy+ - dV5, mnd o 15 e reported mean disgonal of
mpressions on te standardized hardvess test block.

18 Aszeszment of Verification

18.]1 Repearabilin—The repestability of the machine ven-
fiad iz comsidered sansfactory if 1t sansfies the conditions given
in Tablbe 7.

182 Error—The mean diagonsl for five impressions should
wit differ from the mean diagons] comesponding o the Vickers
hardness of the standardized test block by more than 2 % or 0.5
prm {0.0005 puw), whichever s greater

C. CALIERATION OF STANDARD HARDNESS TEST
ELOCKS FOR VICKERS HARDNESS MACHINES
1%, Scope

19,1 Pam C covers the calibration of stapdardized hardness
test Dlocks for the venficancn of Vickers hardness testng
machines a5 described in Part 8.

TABLE 7 Repaatablify of Machinas

Range of ,
Saroardzes :!’h;";fl‘:‘:g::’u"; Exampies of Equvalsrts In
Harcness of Test N Handness Unlis
g be Less Than:
ocks
100 o 247, Ind 4% of 7** B &t 100 HY: 1€ at 200 HY
Ower 240 to 802, Ind 3% of gad 18 at 300 HY; 35 at 600 HY
Cwer 500 2% of o** 28 at o0 Ky
Adm{d, . +dalE

" In all cases T repsakabilty Is fne percentage gven or 1 pm {0001 mm),
whichever Is {me graater

80
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0. Manufacture

201 Each metal block to be standardized shall be not less
than Vs in (§ o) in thickness.

202 Each block shall be specially prepared and heat meared
to give the pecessary bomogeneity and stability of smucnme.

203 Each block, if of steel, shall be demametized by the
mammifacnrer and mamtzined demammetzed by the wsen

204 The lower surface of the test block shall have 3 fine

205 The test (upper) sarface shall be polished and free of
scraches which would inerfere with measuremsents of the
diagomals of the mpression.

2051 The mean surface ronghuess beight ranue shall not
exceed 2 wo. (00001 mun) cewer line average.

2008 To euwsure that oo material is subssquently removed
from the test surface of the standardized test block, sn official
mark o the tuickness at the dme of calibraton shall be marked
on the test surface o an acomacy of Z0.003 m.(=0.1 mum).

11, Standardizing Proceduore

211 The standsrdized hardoess test blocks zhall be cali-
brzied on a Vickers hardness festing machine verifiad in
aocardance with the requirements of 13.1.1.

212 The mechanizm that cowrels the applicaton of force
shionld either:

2121 Employ 2 device such as a spring to raduce the
velocity of indentston of the mdenter dunng the pedod of
indentation. or

21127 Employ a device o mamtzin 8 constant velocity of
indentation of the indemter.

2135 The full sest fiorce shall be applied for 12 s.

11, Number of Indentations

221 Ar l=ast five and preferzbly ten randomly dismbuzed
indeptations shall be made on each test block.

23, Mexzurement of the Diagonals of the Indentation

231 The illwmvinating system of the measunng pucroscope
shall be adjted o give wmiform miensity over the field of
View and meEinnm conirast beoveen the indentation and the
nndizmibured surface of the block.

232 The mezasuring microscope shall be gradusted to read
0,001 nnn with esimates made o the nearest =0.0002 mm.

233 The measuring nucroscope shall be checked by 3 stage
mijcromneter, of by other suitable mears o ensure thar the
difference bemween readings comespoading to oy rwo divi-
sions of the insmment is comect within = 00005 oo

234 Tt is recommended that aach indenrarion be measmred
by mwo observers.

14. Repeatability

231 Letd,, dy~ o be die mean valnes of the measred
diazomals a5 detenmined by one observer, aranged m incraas-
ing order of magninde.

222 The repestability of the hardness readings oo the block
15 defined a3 (g, — d, ), when ten readings have been made ar
132 (d;, —d :| whﬁ_fu five readings are mken on the block.
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15, Uniformity of Hardne:s

25.1 Unless the repeatability of hardness readings a5 mea-
sured by the mean diagonals of five or ten Imprassions is within
the limits ziven m Table 3, the block cannot be regarded as
suffciently vmiform for standardization parposes.

TABLE 8 Repeatabillty of Hardnass Raadings
Range o Sncarcizsd Hard Tre Repsatazlty of e Test Slck

ness of Test Block Aeadings Snall b= Lesss Than:
100 fo 240, Inc 3 %of g
Cwer 240 i €03, Inc Z %ol gae
Cwer 620 1.5% of g**

o m iy + iy + .. + i
B |n 3l casss e repeatabilty ks (ne peeniage gven or 1 pm {00040 mm),
whicheyar s e graater,

4. Marldins

25.1 Each block shall be marked with the following:

2611 Arithrnetic mean of the hardness values found i the
standardizanon fest (ze2 also 3.4.2, Motz 1)

26.1.2 The name or mark of the supplier,

26.1.3 The serial mmber of the block, snd

26.1.4 The dickness of the test block or an official mark on
the top surface (see section 19.3).

Wom §—AD of the merkings sxcept the oScial merk or thicknecs
skonld be placed om the side of the block. the mackings baizmg upemght
whan the et surfacs iz the uppar facs

M. Kevwords
271 mecallic; Vickars hardness

ASTH (ni=madonal iakes no positon respeching i vallokyy of any panent dghis assedad in connection wif aTy Bem mentoned
in this: shandand, Lisevs of fis standard are sxpees sy advisad dhal detamination of he vty of any such paiasd iights, and the sk

o infringzment of such righls, ane antely i o Eaponsbiky

This: standava is subyect fo nevdsion & amy Pme 0y M esponsDie Ichoical commiTes ang mustbe edened eveny fie pears and
o revisad, stherreappeowed orsthdaen. Your comments ave imded etiter o revision of Mis siangant ar & addtional standarcs
' Showhd be sdciessed 0 ASTH ixermationa Hesdguassrs. Yo connmends Wil recefive canefl consigeysion af a mestng of me
ragponsbhs fachnics’ commiee, wiich oy may amfens, (¥ pou fasy ha pour commants have aof received & fair hearing jou shooid
make pour visws nown D the ASTM Commities on Slandavds. af the address shown heiow

This: standavd is copprighied by ASTM ini=madonl, #00 Bar Harhor Drive, PO Boar G700, Me=s! Consfhahocken, 74 13428-2355,
Uniled Siares. Inafvicial reprinds (singie or muftipés coples) of fis standarg may be obfalved by comiacing ASTU ar the abowe
adoness oF af §10-832-5525 [ohone), STREAI-SESS (axl, o sendcegasimoeg [eall; or trough Ke ASTH websile

(R ASTTLOEL
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th Designation: E 407 — 99

Standard Practice for

Microetching Metals and Alloys'

Thin stsedund i sl wnde the foel dewgnibios B 407, the simbe i laiely il

ing the o

the year of

efijenal adeption of, in he tise of revisios, the yead of bol? fevidios. A pimbe in paresiheses indcales the year of bl feappeoval A
siperasipl epailen (6) indicaten in elilens] chunge aints the lal reviion o peappeovil

Tt sbarickired b Diai approevidd fow aie B aeactes of e D6 parlenmid of Daifimisd,

1. Scope

1.1 This practice covers chenucal solutons and procedurss
to be used in erchins metals apd alloys for microscopic
examination. Safery precantiens and muscellapeous informa-
fiow are alse meloded

1.2 This stemdard does nof purport fo address ail of the
sqiey concarms, i any, asrocianed with ity wee. JF oI5 fhe
responstbility of the wier of this stamdard fo estebiish qppno-
prigie sqiedy and health praciices and determing the applica-
Mility gf mogwiarory limmtanons picr fo wse. For specific
CaTonATy statements, see 6.1 and Tahle 2

1. Referenced Decuments

2.1 ASTM Smdvds:
T 1193 Specification for Reagent Wares
E7 Terminology Relaring to Merllozraphy®

1. Terminology

3.1 Dgfininions:

311 For definifion of terms usad in dus siandard see
Terminalogy E 7.

3.2 Dgfininons qf Torme Specific so This Standard.

321 fnf efch—an mumersion etchent that produces color
confrast, often selecove o 2 particulsr consoment in the
micrasmucnre, due 1o oA tun oxide, sulfide, molybdare, chro-
mate ar elementsl selemimm film on the polished sarface that
reveals the stucnwe dus to varbstons in light inerfersnce
effects as a fncnon of the flm thickness (zlso callad a *'stam
erch™).

3.2.2 vapor-deposition interfarence lqyer method— a tech-
wigue for producing sxhanced contast between nucrostruciural
constiments, usually o oolor, by thin flms fomed by vaomun
depositicn of a8 dislecimc compound (such as ZoTe, Znbe
Tith., Zo% or Zo0) with a known index of refracton, geverally
dhwe to Light mterference efects (also known as the “Pepperbod
mmethnd ).

¥ This practice is urder the jursalictien of ASTW Comestes B-4 on hdeallog-
siphy asd i@ the deect sesponaileley of Subessminee B0 on Sunpling
Spezinees Prepanalion, id FPhotegnighy

Dumenl elitoon appeoved Oclaber 10, 1909, Pulloiel Mevembar 1009,

? dnmiidl Rk af AT Standands, Val 1100

® il Book of ASTM Standands, Yal 0301

Lopytighl © AN TM 10 S Hidtor Lk Vel Cana®oha s, A 42080, Unibed Siahic
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4. Summary of Practice

4.1 Table 1 iz aw alphabetcal lisdng of the metals (including
rare earths) and their allovs for whick erching micration is
avzilable. For each meral and alloy. come or more ewchant
mnbers and their comaspondme vse is indicared Alloys are
listed as a group or seres when ome or more erchants are
commmon to the zroup ar seres. Specific allovs are listed ooy
when pecessary. When more than cne etchant mumber = ziven
for 2 pamicular wse. they are wsnally given in order of
preference. The muwbers of elecimelytic eichants are alicized
1o diferaptiate them from nonslecmalviic aochans.

472 Table I 5 & munencal lstpg of all the etchants
referenced in Table 1 and tecludes the compositon and zeneral
procedurs o be followed for esch eschan:

4.3 To use the tables, look up the rmeesl or alloy of intarest
i Table 1 and note the etchant munbers coresponding to the
results desired. The etchant compesition and procedure 1= then
lpcated i Table 2 comesponding o the erchant mumber.

4.4 Tf the connnon name of an erchant is kpown (Marble’s,
Wikella's, efc.), and it iz desired o koow the comiposifion, Tabls
3 conmains an alphabetical hsung of efchant pames, aach coded
‘with a pomber carrespanding to the etchapt compesiion 2iven
i Table 2.

5. Sigmificance awd The

5.1 This pracnce lists recommended misthods and solitens
for the eiching of specimens for metallographic examinanon.
Solations are Hsted to hizhlizh: phases present in most miajor
alloy systemns.

6. Safety Precautions

4.1 Bafore nsing or mixing aoy chemicals, all product labels
and pertinent MMareral Safery Drata Sheets (MEDS) should be
read and undersiood conceming all of the hazards apd safely
precautions fo be observed. Users should ba awars of the type
of bazards [wvolved in the nse of all chemicals wsed, including
those hazards that are inunedizte, lons-tenm, visibls, fovistble,
and with or witho odors.

§.1.1 Consult the praduct labels and MADEs for reconunes-
dations conceming proper protecive clothing.

§.1.2 All chengeals ars potentally dapgaros. All persons
1zing any sbckants should be tharenghly faredliar wit all of the
chenurals involved snd the proper procedurs for hapdlme,
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mixing, mmd disposing of each chemical, 25 well as amy
combinatiens of those chemicals,

G.1.3 Table 2 inchudes specific safery precautions for the
1mixing or use of some erchanrs. The user should obsarve each
of these specific precautions.

6.2 Some basic suggestions for the handling and disposing
of erchans and their meredisnts ate a5 follows:

4.2.1 When pouring mixing, or etching, slwsays use the
[TOpar protecive eguipmment (Elasses, gloves, spron, e ).

4.2.2 Use proper devices (glass or plastic) for weighing,
Imixing, contzining, and storage of soludons.

4.2.3 When mixmg efchants, abways add reagents 1o the

solvent mnless specific instructions indicate otherwise

§.24 When erching always svoid direct physical contact
with the stchant and specimen; use devices such as tongs o
bold die specimen (and mfts of comon, if nsed).

.23 In genersl itis good practice o work undsr 3 properly
designed chemical fime bood, smd it is imperative with those
eichants that give of noxious odors or foic vapors.

§.2.6 Methanol is a conndative poison kazard, Where stha-
nol or methanol are listed as alemares. ethanol is the prefemed
solvent. Msthapol should be wed o2 properly desizped
chemical fume bhood.

TABLE 1 Ebtchants: for Metals
Nom 1—FElecmolyic stckants are taiicizad
Metal Elcharis e
Auminum Sase:
Fume Al 13, 2, 3 genemi struchire
45 iraln suciure under poartzed Ighi
1 iraln boundaries and $o Ines
1000 sarims 1a, 3,2 genemal siruchune
4 & igrain sinaciurs urder poartzed Ight
E T phass [deplifcabdons
2000 series 32 a peneml sinuchure
&6, 7 phass Identifcabons
2000 series Z, 1a eneml siructure
4 £ Faln snaciure under pofartzed Ight
Ea,8,7 ohase |denifications
4000 saries 3, 1a peneml structune
EC00 series 3, ia, 2,6, 88 penenl siuctune
- rain sruciure under pofartzed Ight
E000 sarims 3 i, 2,6 Ba, 222 Penersl slructure
5 raln sinaciune upder pofarzed Ight
i, 2, 7.6, 5 phase [derifoabons
TO0D series 3 1e,2 ipeneral siructure
45 iraln siuciure under poartzed Ighi
b, B jphase [dentifcations
Berium Bass
Fum B= g 10 geneml sinucture Wa polariz=d Ight
B alloys i peneml sincurs
Chromium Sase: 12, 13¢ geneml siructure
Cobail Bags
Fue Co 14, 15, 1&, 17 penerl Hnucture
=arc-facing ard ool melals 18, 19, 20 penerl Hnucture
Hiprrismperabore alioys 0, 18, 16, 21, 220, 24, 35 geneml structure

15
Colmbium Sage [see nloblum base)

Copper Eags
Fure Cu

2E, 27, 25, 19, 30, 3d, 32, 33, 34b, 35

ohazz |derifcabion

peneml sincurs

3g, 37, 38, 34, 40, 44, 42, B, 290, 21

43, 28

CrAl [aheminum DrorEs]

45, 212
Cu-ge 4, 81,45
Cu-Cr 41
Cu-in 41
Cu-Nl 34,47, 4% 40, 48, 50

44, 31d, 34p, 35, 36, 37, 38, 35, 40,

chemical polish and elch
geneml structure

Fan=ra siructurs
gan=ra sinucturs
gan=ra sinucture
gan=ra sinucture
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TABLE 1 Contnueg

hizial

F= 4530 Cr= E=40 M + <5 %
other slsmenis (300 Serss)

and
Fe = 1625 Cr= 36 Nl + 10
n (200 series)

High lzmpemiurs

Nonstalniess maraging steels

Tool sizeiz

Superalioys

Leag Sase
Fure Pt

Fb+<2 Eb
Fb+=>2 Eb
Fo+Ca

Pt aloys
Sabiilt

Magrasivm Sase:
Eure kg

Migdn
WigrAl, Mg-A-In {A + Zn <5 %]

WigrAl, Mg-A-In (A + Zn =5 %)

MigrZn-Ir

and
WigrZn-ThrZr
WigrTh-Zr

and
Wig-Fare EarireZr

lnlyboanu Base
As cast

INickef Base:
Fure NI ard high Kl aloys

N4
M4
N-Cr
NHZU

y-me
Y-
Y
|
M-Zn

Elcharis

3k, B3, &7, 8B, 83» B0, 34, 95, 91,
901, 213, 221,336

13, 402 M, 48c, 213

4B, 3§, 57, 58

103, 104, 58

103, 14

&E

2139

20

8, 25, 105, 108, 57, 242, 221
107, 108, 113
=5

109, B3, 25, 100,
236

=

Tda, 3014

o

200, 211

Ite, 214

24, 1%

£E, 57, ™, 221, 1
il

ik}

g, 12
13

14, 15, 57, 74k
1z

114, 57, T4

1z

1z

1z

&, N7k

Tan

118, 115, 721, 120, 121,132

122

1139, 7da, 124, 122

11, 115, Taa, 135, 124, 7123122

120, 15, 126,137

124, 1%, 17

e, 115, Fea, 135, 124, 129, 122

120, 125, 126, 127

11, 115, 741, 14, 128, 124, 128
137, 13, 122

120, 121

18, 115, 7aa, 1d, 124,137, 121, 122

120, 121

S8c, 129, 130, 14
1323

133, 134, 47, 135, 136, 25, 108, 31c
e

38, 138, 50, 133

50, 140, 141, 147 28, 143

144, 80, 83, 134, 745 58, 148, 947, 122

38, 138, 50, 133, 140, 25, 134, 47,
4500, 108, 4

50,180, 141, B3 734, 148 40, 907, 148
Tde, 25, 150

Tde

143

143, 154, 50, 133

182

peneral shructure

carbides and s=nsilization
shins sipma prass

delneates sigma phase and
weedds of dissimilar metas
chemical polish-sich

rain boundary etch {no fwins)
darkers dela femfis

general siucture

" preciolilme

chemical polish-2ich

general siucure

rain bourdaries

chemical polish-eich

gsneral siucure

Fain bourdarizs In Emoened ool sl
colors entie, iower aloy grades
colors cementis

carbides atacksd and colored
generml ehoh

general structure

+" deplefion

eneral sincdure
for milemeaie polishing 2nd Eiching

peneral sinucture
for alemais polshing and =iching
general sincture
Jor alemaie polshing 2nd =iching
Jeneral struchure
for alemaie polshing and =iching
eneral structure
pener shnucture

pener stucture
stan-frae polsh-sich

gan=ry sinucture
general siructure
phass [denhication
aran smochure
gan=ryl sinucture
phass [derhfcation
Jneral sinicturs

oiase |dentfcation
Jneral sinicturs

phaze |derifcation

Jneral sinicturs
chemical polish prior o stching

Janeral sinicturs
Fain bourdary sufidation

Jnerl sinicturs
Janeral sinicturs
Jneral sinicturs
Jnerl sinicturs

Jnerl sinicturs
aorieniaton piing
Jnerl sinicturs
Jnerl sinicturs
Janeral sinicturs
Jnerl sinicturs
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TABLE 2 Candnued

Excrant Composition Frocadure
el 25 mL HNC, Use hood, Let stand % b before using. Swab 3-20 5.
15 mbL aceic acd
1€ mL HF
5~7 drops bromine
Ef E0 mL HC Use hood. Immerse T seconds o a minuie
40 mL HWZ,
&2 =50 Cmoy ‘Vary compastion of reagent and aging of reagent aiter mbing o sult alloy Seab or
100 mL =21 mrnerse Tew seconds o a minule
[x ] o g Cry Exab Tew seconds o a minul=
10 mL HMG,
100 miL =2
i S mL HNOy fat Immers= -5 min.
2% mL HO io} Use hot. Wil fonm chiorids fims on goid aloys B much siheer [5 present. Ammaonia wil
30 mL weaber e file.
[ A Use hooo—Can give off exiremely polsanous Fednogen cyanide. Frecaubon—Alzo
0 0 ammonium persulal polsonois by Inges@on x5 wel as confact Mbe 4 + 1 rristure of Solutons A and B Just
100 il weaker [eefiore: use (A mbduere of S drops of =ach will cover 1ne suface of a 1 i dla mount )
B brmerss ¥ - 2 min.
10 g MCH
100 miL walsr
EE 20 mLHF Swab 3-10 5 or immers 5o 2 min
15 mL
20 mL HC
BT 10 mL perchionc acid Frecaution—Heep ool winen mixing anc wse. Elscimidc of 30-85 W for 1080 5.
0 mL 2-pehowsethanal
TO mL ethanal (55 %)
10 mL waaker
[ % mL perchionc ackd Precyution—t=ep cool when miging and wse. Elsdmic 2t E0-150 W for 530 5.
3E mL 2-stowpsthanc
E0 mL metharol (atsoule]
E5 S mL perchionc acid Precaution—=ep cool when migng and wse. Elscimoifc at 20-80 W for 1-5 min.
&0 mL sc2fc i
i EmL HF Ewab for &5 5.
I mLAGHD,IS %)
200 mil waker
T SmL HF Agd =10 drops of fhls soluion on he fnal pofishing whes which Fas been charged with
25 mlL weaher ine polshing solulion. The specimen ks pollshed on his whesd undl e sudace fums: black.
Dizled waber s Then siow®y added 1o e whiesl and pollshing confinued urHl the surfaces [
[oright. Al this tiee the specimen shouild be ready for examinalion via polarized lIght
Bjobe— lzp Irari subsisnoe Detwmsn cloth and winesl %o prevent adack of Te whesl, Bsar
ploves.
T2 10 mL HF Ewab for 5210 5.
45 mL HWZ,
45 mL wesher
73 2 mL HX Elecirobfic sich—uses carbon cahode and plafinum wire conneaciion fo specimen.
= g Kacl {a) B acTor 1 min
EE mL weaher fboi 5%—20% ac for -2 min.
{c] 20 ac for 1-2 min.
For eich-poilshing, us= shomsr §mes. Afler siching, werisr fnse, slcohol fns=, and dry.
74 =5 mL =Ny, Ebching ravie s Increassd, sensithily decressed with inoressed perceniaps of HMO,.
100 mL ethanol 155 %} or meinanol (35 %) {a) Immese few Seoonds 0 & minuke.,
{b} Immerse 5-£0 5 In 5% HND, solufion. To remose stain, Immers= 22 s in 100% HO-
meethancl sohksdon.
{1 For Inconels and Wimonics, use § mL RO, soubor—siedrolytic al =10 WV for &=20 5.
{d} Swab or Immerss seseral minubes.
{=} Bwab 5—£0 5. HYO; may be ikcressed 4o 20 mL In mehanal only depending an alloy.
{Ehand Is unstable wilh over 5% HMG,. ) Do not shore,
s £ i plcric acid Irmerse 1-2 5 &t & Gme and Immedaisly fnse wilh methanol. Repeat as oflzn as
&g CuCly rescagsary. (Long mmersion Grmes will result In copper deposhiion an suface. |
20 mL HC

Z00 ml ethancd (S5 %} or methanol (35 %)
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