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APPENDIX 1
Properties of sintered carbides
Brookes 1979
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APPENDIX 2
Tables of typical carbide grades for machining and
tables of historical developments of sintered carbides
Brookes 1979
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APPENDIX 2
Tables of typical carbide grades for machining and
tables of historical development of sintered carbides
(Brookes, 1979)

Designations Compaositions Properties
Transverse
180 Us. BHMA Density Hardness |  Rupture
Application Industry | Properties wWC TiC Ta{Nb}C Co | Ni|Mo! g/em® HY Stress
Code Code Code N/mm?
PO1 cg8 919 - 80 - - 1010 5.8 1900 850
PO1 c8 219 50 35 7 6 85 1900 1100
P05 c7 926 78 16 - & 1.4 1820 1300
P10 C7 727 69 15 8 8 115 1740 1400
P15 C6 635 78 12 3 7 1.7 1660 1500
P20 c6 444 79 8 5 8 121 1580 1600
P25 C6 344 82 [ 4 8 129 1530 170G
P30 c5 353 84 5 2 <] 133 1490 1850
P40 C5 263 85 5 - 10 134 1420 1850
P50 - 182 78 3 3 16 131 1250 2300
M10 - 453 85 5 4 6 134 1590 1800
M20 - 363 82 5 5 8 133 1540 1900
M30 - 263 86 4 - 10 138 1440 2000
M40 - 273 84 4 2 10 14.0 1380 2100
LG ca 930 97 - . 3 156.2 1850 1450
K05 c4 830 95 1 4 15.0 1780 1550
K10 c3 741 g2 2 ] 14.9 1730 1700
K20 Cc2 560 94 . 6 14.8 1650 1950
K30 C1 280 91 - S 144 1400 2250
K40 1 290 89 - 1 14.1 1320 2500

* Very considerable variation between manufacturers is possible.

Table 1.2 Historical Development

1923-25
192931
1930-31
1932
1938
1956
1958
1968-69
1968-69
1965-78

1967-70
1965.786
196871
1974.77

197378

197679

WC-base sintered carbides

Table 1.3 Historical Davelopment

WC-free sintered carhides
WC-Co 1929-31 TiC-Mo; C-Ni, Cr, Mo
WC-TiC-Co 1830-31 TaC-Ni
WC-TaC(VC, NbC)-Co 1931 TiC-TaC-Co
WC-TiC-TaC{NbC)-Co 1931 TiC-Cr, Mo, W, Ni, Co
WC-Cry C;-Co 1938 TiC-VC-Ni, Fe ‘
WC-TiC-Ta{Nb}C-CraC,-Co 1944 TiC-NbC-Ni, Co
WC-TiC-HIC-Co 1949 TiC-VC-NbC-Mo, C-Ni
WC-TiC-TaC{NbC)-HfC-Co 1950 TiC{Moz C, TaC)-Ni, Co-Cr
WC-TiC-NbC({TaC)-HfC-Co 1952-68 TiC - heat-treatable steels and alloys
TiC, TiN, Ti(C,N), HIC, HfN and Al20, 1957 TiC-TiB2
coatings on WC-base alloys 196570 TiC-Moz C{mixtures)-Ni, Mo
Sub-micron WC/Co 196870 {Ti, Mo}C{solid solution}-Ni, Mo, Cr
Hot isostatic pressing 1969-70 TiC-TiN-Ni
Thermochemical surface hardening 196873 TiC-Al2 0
Polycrystalline diamond layers on 1972-75 TiC-TaN-Ni

WC-base hardmetal

Multi-carbide, carbonitride/nitride

and multiple carbide/carbonitride/
nitride/oxide coatings

Complex herdmetals with Ru additions

Page 1 of 1
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APPENDIX 3
Certificate of analysis for NIST
standard reference material 889: cemented carbide
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National Institute of Standards & Technology

Certificate of Analysis
Standard Reference Material 889
Cemented Carbide
(W-75,C0-9,Ta-5,Ti-4)

{In Cooperation with the American Society for Tesling and Materials)

‘This Standard Reference Material (SRM) is a sinterced tungsten carbide base materialin the form of a fine powder
(150 w.m) intended for use in checking chemical and instrumental methods of analysis. SRM 889 was developed
unider the cooperative program for centification with the Mational Institute of Standards and Techaclogy {NIST)
and the American Socicty for Testing and Matcrials (ASTM).

Ceriified Estimated.
Yatug? ai
Percent by Weight

Cobalt $.50 .15

Tantalum 450 I5

Titaoium 403 30
3 The centified vafue i6 the preseat best eatimate of the “truewalie bastt on tha NISTVASTM couperative-program for ccmﬁcaum;
o The esti d inry is based on fadpment and an ion of the i e!fecuef Nod imgretision, possible sy
tematis enors among methods, od saveriat variabitity, Nlmmmmmdcmdcmm st ares of impresision tecavss soveral

hitads weor invotved 3 the ion of the centified constituent.
The overall coordination of the techaical measur, s leading to-certification was performed under the direction

of J.1. Shultz, Research Associate, ASTM-NIST Research Associate Program.

The technical and support aspects involved in the preparation, centification, and issnance of this Standard Re ferzace
Material werc coordiaated through the Office of Standard Reference Materlals by WP, Reed,

PLANNING, PREPARATION, TESTING, AND ANALYSIS:

The material for this SRM was provided by' GTE Products Corp., Towanda, Psnasylvsaia through the courtesy of
R. Dyck.

The preparation of (b maierial was under the direction of M.E. Shaffer of the Hard Materials Section, OTE
Produets Corp., Towands, Pennsylvania.

Homogeaeity testing was performed &t GTE Products Corp. by J.S. Mras and ar NIST by G.A. Sleater.
Cooperative analyses for certification were performed in the following laboratories:

- GYE Products Corp,, Towanda, Pennsylvaaia, J. Mras, LR, Barton, L.J. Kring and M. Fedorchak,
- Ledoux & Campany, Teaneck, NJ., 5, Kallmann and C.L. Mash,

September 5, 1988 Stantey D. Rasberry, Chief
Gaitthersburg, MD 20899 Office of Standard Relerznoe Materials
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Metalturgical Industrics, Tnc,, Tinton Falls, N.J., R. Liu,

- National Institute of Srandards and Techoology, Gas and Particulate Science Division, Gaithersburg, MD, Z.
Wang and P.A, Pella.

- Timken Company, Canton, Ohio, N.J. Stecvk.

- Valeron Corporation, Troy, Michigan, R. Fike.

Elements other than those cenified may be prosentin this material as indicated below, These are not certifisd, but
are given as additional information owthe composition.

Molyhdenum {<.08)
Nicke! (=.05)
Iron (=05}
Nigbium (= 05)

Carbon {60)
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Calibration data
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APPENDIX 4: FIGURE A3

Ta 240.063nm
Xi" Vi lyi - ¥i] (i - ) | (i - X)) Figure A3: Ta Calibration curve
0 -96.832] 93.42902 8728.98204  42.25 by ICP-AES (JY.24) 240.063 nm
1 321.9051 21.7749 474.1463884 30.25 8000
25 1996.85 -152.154 23150.70947 2.25 8000 4
400 8277.91 36.94965 1365.276477 182.25 7000 /
g gooo /
‘ £ su00 : //
i ' = 4000
26 2624.96 426 33719.114314 257 & 3000 4 P
2000 — Z
§995
No. of Stds 4 SUMMARY OUTPUT 08 ) ) )
DOF 2 0 5 10 15 20
sy/x 129.8443575 Regression Statistics Cone. (mgh)
Sa 83.58557302 Muitiple R 0.999626
Sp 8.099468491 R Square 0.999252
Lowest signal detectable 292,701 Adjusted R Square 0.998878
Lowest conc. Detectable 0.930ppm  Standard Error 129.8444
Lowest quantitation signal 1201.612 Observations 4
Lowest conc.quantifiable 3.101ppm
ANOVA
df S8 MS F Significance F
Regression 1 45062579.06450625792672.82103 0.00037393
Residual 2 33719.11437 16859.56
Total 3 45096298.18

Coefficients Standard Error _t Stat P-value  Lower 95% Upper 95% Lower 85.0% Upper 95.0%
Intercept -96.832 83.58557302 -1.15848 0.3663056 -456.471966 262.807¢ 456.472 262.8079
X Variable 1 418.7371 8.099468491 51.699330.00037393 383.887894 453.5863 383.8879 453.5863
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Ta 268.517nm
; Vi lyi - ¥il (yi - 9i)* (X - Xm)* Figure Ad: Ta Calibration curve
0 6.06506] 3.60264 12.97901414] 60.0625 by ICP.AES (JY.24) 268.517 nm
1 43.25682 -1.16982 1.36847152] 45.5625 :
1008 377.9828 -4.98263 24.82657888 5.0625 /
400 749.9002 2.549808 6.501503998150.0625 600
'.gi 400 /
501 45.67556854, 260.75 g /
@ 200
No. of Stds 4 SUMMARY OUTPUT 05 ’ ) '
DF’ 2 D 5 18 15 0
sy/x 4.778889439 Regression Statistics Conc. (mgh)
Sa 3.312101915 Multiple R 0.999937
Sp 0.285947601 R Square 0.999873
Lowest signal detectable 20.402 Adjusted R Square 0.99981
Lowest conc. Detectable 0.385ppm  Standard Error 4.778889
Lowest guantitation signal 53.854 Observations 4
Lowest conc.quantifiable 1.285ppm
ANOVA
df 8§ MS Significance F
Regression 1 360676.3805 360676.415792.9673 6.3313E-05
Residual 2 45.67556854 22.83778
Total 3 360722.0561
Coefficients Standard Error t Stat Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 6.06506 3.3121019151.8311820.20854974 -8.18577415 20.31588¢ -8.18577 20.31589
X Variable 1 37.19176 0.295947601 125.67016.3313E-05 35.9183961 38.46512 35.9184  38.46512
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APPENDIX 4: FIGURE AS

Ti 37.280 nm
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N. of tds V

xi* ¥ lyi-§il | Qi §)° |- Xm)” Figure AS: Ti Calibration curve
o -126.538 112.2193 12593.18003232.5629 by ICP.AES (JY-24) 337.280 nm
1 2237.318 114.084 13014.7114{203.0625
100 23512.03 -280.025 78413.81593 27.5625 , ,
2500 118066.9 53.7232d 2886.1922411207.563 99985 /
g 79985
H /
E 59985 /
2601 106907.8996 1670.75 % 39585 /
18985 ,
‘15 / 3 T g ¥

DF 2
sy/x 231.2011025
S, 144.2362246
Sb 5.656322535
Lowest signal detectable 567.065
Lowest conc. Detectable 0.293ppm

Lowest quantitation signal 2185473

Lowaest conc.quantifiable 0.978ppm

SUMMARY OUTPUT

D 10 20 30 40 60

Regression Statistics Conc. {mgf)
Muitiple R 0.999994
R Square 0.999989
Adjusted R Square 0.999983
Standard Error 231.2011
Observations 4
ANOVA
df S$S MS F Significance F

Regression 1 9335844603 9.34E+09 174652.1 5.7256E-06
Residual 2 106907.8996 53453.95
Total 3 8335951511

Coefficients Standard Error _ t Stat P-value  Lower 95% Upper 95% Lower 95.0% Upper 85.0%
intercept -126.538 144.2362246 -0.87730.47284902 -747.137157 484.0605  -747.137  494.0605

X Variable 1

2363.856 5.656322535 417.9145.7256E-06 2339.51909 2388.194  2339.519  2388.194




APPENDIX 4: FIGURE A6
Ti

368.520nm
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Vi lyi - il (yi- )¢ | (X~ Xm)| Figure AS: Ti Calibration curve
-84.1301 82.15727 6749.816891/232.5625 by ICP-AES (JY-24) 368.520 nm
2681.425 114.8754 13196.30987203.0625 139885
2757142 -243.419 59252.66228 27.5625 118985 /
138193.64 46.38624 2151.6828571207.563 /
g 25985 -+ /
g 79985 /
T 59985
81350.4719,_1670.79 £ /
# 39986 —
144985
No. of Stds SUMMARY OUTPUT 15 / ‘ ‘ y ‘
DF' 9 0 10 20 30 40 50
sy/x 201.6810253 Regression Stalistics Cone. (mgl)
Sa 125.8199435 Multiple R 0.999997
Sp 4934115433 R Square 0.999994
Lowest signal detectable 520.913 Adjusted R Square 0.99999
Lowest conc. Detectable 0.219ppm  Standard Error 201.681
Lowest quantitation signai 1932.680 Observations 4
Lowest conc.quantifiable 0.729ppm
ANQOVA
of 88 MS F Significance F
Regression 1 12778386826 1.28E+10314156.428 3.1831E-06
Residual 2 81350.4719 40675.24
Total 3 12778468177
Coefficients Standard Error  t Stat P-value  Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept -84.1301 125.8199435 -0.668650.57255917 -625.48987 457.2298 -625.49  457.2298
X Variable 1 2765.555 4.934115433 560.49663.1831E-06 2744.32508 2786.785 2744325 2786.785
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APPENDIX 4: FIGURE A7
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Vv 292.402nm
Xi: i lyi - ¥il (yi-91)° (X - Xm)® Figute A7: V Calibration curve
0 -28.963d  42.43592 1800.807691| 60.0625 by ICP-OES (JY-24) at 202402 nm
1 4384.164 0.533999 0.2851547 45.5625 - L
25 22036.69 -53.6857 2882.154835 7.562§ 29885 /
625 110299.3 10.71574 114.8279601/297.5625 /
g 74885 /,
E 59985
31 34172.79 651 4798.075641 410.74 é 39985 /
19985 -
L L “5 T T
No. of Stds 4 SUMMARY OQUTPUT
DE 9 o 10 20
sy/x 48.97997367 Regression Statistics Conc. (mgf)
Sa 30.83118803 Multiple R 1
Sp 2.41673906 R Square 0.999999
Lowest signal detectable 117.976 Adjusted R Square  0.99999¢
Lowest conc. Detectable 0.033ppm  Standard Error 48.97997
Lowest quantitation signal 460.836 Observations 4
Lowest conc.quantifiable 0.111ppm
ANOVA
df S8 MS F Significance F
Regression 1 7999650241 8E+093334524.44 2.9989E-07
Residual 2 4798.075641 2399.038
Total 3 7999655039
Coelfficients Standard Error _ t Stat P-value  Lower 95% Upper 95% Lower 85.0% Upper 95.0%
intercept -28.9639 30.83118803 -0.939440.44667602 -161.619912 103.6921 -161.62  103.6921
X Variable 1 4413.13  2.41673906 1826.0682.9989E-07  4402.73153 4423.528 4402.732  4423.528




APPENDIX 4: FIGURE A8
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v 311.071nm
Std ¢ Xi* Vi lyi - il (i - )" | - Xm)*) Figure AB: V Calibration curve
0 -27.4153 46.41532 2154.38217 14 by ICP.OES (JY-24) at 3111071 o
1 1021.737,  -48.1573 2318.121504 9
25 5218.348 -6.14758 37.79274779 1 8885 g
100 10464.11] 7.889516 62.24446475 36 /
g 7985 /
é 5385
: o = /
16 4169.195 126 4573.540887 62 § 3985
1985 /

‘ A5 /
No. of Sids 4 SUMMARY QUTPUT : )
DE 9 b 2 ] 10
sy/x 47.82018866 Regression Statistics Conc, (mgh)
Sa 34.08558227 Multiple R 0.999966
Sp 6.073170033 R Square 0.989933
Lowest signal detectable 116.045 Adjusted R Square 0.999899
Lowest conc. Detectable 0.137ppm  Standard Error 47.82019
Lowest quantitation signal 450.787 Observations 4
Lowest conc.quantifiable 0.456ppm

ANOVA

df S8 MS F Significance F

Regression 1 68244710.526824471129843.2712 3.3507E-05

Residual 2 4573.540887 2286.77

Total 3 68240284.06

Coefficients Standard Error  t Stat P-value  Lower 35% Upper 95% Lower 95.0% Upper 95.0%
Intercept -27.4153 34.08558227 -0.804310.50562912 -174.073848 119.2432 -174.074 119.2432
X Variable 1 1049.153 6.073170033 172.75213.3507E-05 1023.02182 1075.283  1023.022  1075.283

»
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APPENDIX 4: FIGURE A9
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Cr 357.869nm
X M lyi - il oi-9) (- Xm)* Figure A9: Cr Calibration curve
0 -256.874 265.4294 70452.97672 60.0625 by ICP.OES (JY-24) at 357.863 nm
1 4308.124 -22.2243 493.9180794 45.5625 119985 »
25 22568.12 -305.118 93097.06954 7.5625 /
625 113868.1 61.9126 3833.169481297.5625 99985 //
g 79385 —
i : E 59985 /
31 35121.8639 651 167877.1338  410.75 é — , ,
77 /
: 18985
f Std SUMMARY OUTPUT 18 ’ ' " !

g‘;'°3 s ; o 5 10 15 20 2
sy/x 289.7215334 Regression Statistics Conc. (myf)
Sa 182.3696177 Multiple R 0.99999
Sp 14.2852577 1 R Square 0.99998
Lowest signal detectable 612.290 Adjusted R Square 0.999971
Lowest conc. Detectable 0.190ppm  Standard Error 289.7215
Lowest quantitation signal 2640.341 Observations 4
Lowest conc.quantifiable 0.635ppm

ANQVA

df S8 MS F Significance F

Regression 1 8559705909 8.56E+09 101975.84 9.8061E-086

Residual 2 167877.1338 83938.57

Total 3 8559873786

Coefficients Standard Error  t Stat P-value  Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept -256.874 182.3696177 -1.408540,29431686 -1041.54788 527.7995 -1041.55  527.7995
X Variable 1 4564.998 14.29525771 319.33669.8061E-06 4503.49089 4626.506 4503.491 4626.506
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