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APPENDIX 2 

Tables of typical carbide grades for machining and 


tables of historical development of sintered carbides 

(Brookes, 1979) 


I 
I ISO 
: Application 

Code 

POI 
POI 
P05 
PIO 
P15 
P20 
P25 
P30 
P40 
P50 

Ml0 
M20 
M30 
M40 

KOI 
K05 
Kl0 
K20 
K30 
K40 

Designations Compositions 

U.S. BHMA Density
Industry Properties WC TiC Ta(Nb)C Co Ni Mo glcm'

Code Code 

CB 919 80 10 10 5.8
C8 919 50 35 7 6 8.5
C7 926 78 16 6 11.4
C7 727 69 15 8 8 11.5 
C6 635 78 12 3 7 11.7 
C6 444 79 8 5 8 12.1 
C6 344 82 6 4 8 12.9 
C5 353 84 5 2 9 13.3 
C5 263 85 5 10 13.4 

182 78 3 3 16 13.1 

453 85 5 4 6 13.4 
363 82 5 5 8 13.3 . 263 86 4 . 10 13.6 
273 84 4 2 10 14.0 

C4 930 97 3 15.2 
C4 830 95 1 4 15.0 
C3 741 92 2 6 14.9 
C2 560 94 6 14.8
Cl 280 91 9 14.4
Cl 290 89 11 14.1 

• Very considerable variation between manufacturers Is possible. 

Properties 

TrensYerse 
Hardness Rupture 

HV Stress 
N/mm' 

1900 850 
1900 1100 
1820 1300 
1740 1400 
1660 1500 
1580 1600 
1530 1700 
1490 1850 
1420 1950 
1250 2300 

1590 1800 
1540 1900 
1440 2000 
1380 2100 

1850 1450 
1780 1550 
1730 1700 
1650 1950 
1400 2250 
1320 2500 

1923-25 
1929·31 
1930·31 

1932 
1938 
1956 
1959 

1968-69 
1968-69 
1965-78 

1967-70 
1965-75 
1969-71 
1974-77 

1973-78 

1976-79 

Table 1.2 Historical Development 
We-base sintflred carbides 

WC-CO 
WC·TiC·Co 
WC·TaC(VC, NbCI·Co 
WC·TiC-TaC(NbC)-Co 
WC-Cr, C, -Co 
WC-TiC·Ta(NbICCr,C,-Co 
WC·TiC·HfCCo 
WC·TiC-TaC(NbC)· HfC-Co 
WC-TiC·NbC(TaCj·HfC-Co 
TiC, TiN, TilC,N). HfC, HfN and AI20, 
coatings on WC·base alloys 
Sub-micron We/Co 
Hot isostatic pressing 
Thermochemical surface hardening 
Polycrystalline diamond layers on 
WC-base hardmetal 
Multi-carbide, carbonitride/nitride 
and multiple carbide/carbonitridel 
nitride/oxide coatings 
Complex herdmetals with Ru additions 

1929-31 
1930-31 

1931 
1931 
1938 
1944 
1949 
1950 

1952-66 
1957 

1965-70 
1968-70 
1969-70 
1968-73 
1972-75 

Table 1_3 Historical Development 
We-free sintered carbides 

TiC-Mo.C-Ni. Cr. Mo 

TaC-Ni 

TiC-TaC-Co 

TiC·Cr. Mo. W. Ni, Co 

TiC·VC-NI. Fe . 

TiC·NbC·Ni. Co 
TiC-VCNbC-Mo2CNi 
TiClMo.C. TaCI-Ni.Co-Cr 
TiC - heat·treatable steels and alloys 
TiC-TiB. 
TiC·Mo,Clmixtures)-Ni, Mo 
ITI. MolC(solid solutionl-Ni, Mo, Cr 
TiC·TiN·Ni 
TiC·AI,O, 
TiC·TaN·Ni 
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APPENDIX 3 

Certificate of analysis for NIST 


standard reference material 889: cemented carbide 


 
 
 



Nutional1Jnstftute of ~anbarb.6 & wtc~nolagtt 

<!ttrtifttatenf Aualllsl1, 
Standard Reference ~laterial 889 

Cemented Carbide 

(W·15,Co-9,Ta-5.Ti4) 

(In Cooperatioo with tbe Americ-,an Society for Testing and Materials) 

Tb;l5St@<illrd Referen« Material (SRM) is a sintered IWlgatcn arilide bue Jriat(:rialin tbe fQrm of a nne PQW~~~ 
(ISO )LOll iatended for un in checking chemi(;al aQd instrumental methOlb of aoalysi$, Sru.1 889 was developed 
under tbe cooperative program for «;ertiUcatiDn with the National Institllte ofStaadardnnd TecbllO!ogy{NIST) 
and fbe American So(:iety for Tes.tin8 and Materials (AS1'M). 

Certified 
~a 

Perceat by Weight 

Cobalt 9.50 0,15 
Tanlalum 4.60 ,15 
Titanium 4.03 ,10 

lTl.."",,,iliW ,,,1.0 io u.< ;>",••," bGr UIi_of ,M ',,,,,,"'-"ili< ba.otd Qft tM; NISTlMDt wcpora'iv<>PJOII""" fot """i!'....'i""~ 
I:> , •• ommaoed ~"<crt.illlY is based"", j»4IptWI. 8IIlI ~."", •• ,."'II~1ion of the «>mI!mctl.lfcds of"",.l\Qd I"'PI"~ p<lI$ibk.'Y" 
1<!....tk.<1OB .~m.lho<ls••nd _ ..rial ••"""lIlt)', No.llompc .... _ tu""~ Ol(OCtmristlcal __ at ''''l'tttisillo.1>ia....-.at 
methOds 'Wt:l'C i~ 40 tb~ tkCt;fmJn.tiOn ortM «tItified COIIStitlttmt. 

The overall coordinatioo of tbe technical IDeUUfemeat$leading too;erlific:ation w.performed under tit" dir.:cl.ion 
of JJ. Shulll. RC$earch A5!iociate. ,ASTM·NIST Research AMoewle Program. 

Tile technical a.adsllp~rtUpeClS illv.oIved i .. the prepaFllliOll, «rtificatloll, aad isslUUlce .<lfthll;Standard RcfercllCll 
Material were Ct)ordiDllted.lhroogh Ihe OUice of Slandard Reference Materials by W.P. Reed. 

PLANNING. PREPARATtON, TESTING, AND ANALYSIS: 

The material for tbi$ SRM was provid.ed by GTE Products Corp., Towaada. PCl1J:Isylvanill througb tbe COUW~1y of 
R.Dyck. 

The prep1lratiol'l of Ibe material was under the dirllCtion <If M.E. shafter oflhe Hard Materials Seclion. GTE 
Produc!$ Corp" Towanda, Peomyl'·ania. 

Homogeneity te5ting W3.\ perfonned at GTE PrQductsCorp. byJ,S. Mrllland at N1ST by G.A. Slealer. 

Cooperative analyses fm certification wert performed ia the fol1owinglaOOfalOri1:$~ 

• GTEProduct~ Corp., Towanda. Pen:nsytvanl3, J. Mra$, l.R. Barton, L.J. Krin!! and M,Fcdon;hak. 
• Ledoux &. Company, Teaneck, NJ., S. Kallmann and C.L. Maul. 

September 5, 1988 StanleyD. Rasberr)" CMd 
Gaithersburg, MD 20899 omce Q(Slandard Reference Material. 

 
 
 

http:provid.ed


Metallurgk31IJldlLlllries.ln<::., Tinton Falls, NJ~R.UII . 
• National Institute of Standards llll.d Tllehno1og)', Gas lind PartiClllate Science Division. Gii~hersburg, MD. Z. 
Wang.andP.A. Pella . 
• Tiinke.o Comp114Y. Canmn, Ohio, N.J. SH~cyk. 

VaJeroll Corporation, Troy, MkbigilJl, R, fike. 

Elements otlterthan those certified may be prescntin 11'11$ M'illerilll u indicated below. Tbesc a1C not eertified •.but 
are giveII h additional ilIl91tna(ioll oll,:the compo&ition. 

MoIvbdenum (<::.OS) 

Nickd ( <.OS) 

IreD «.OS) 

Niobium «1)5) 

C<U'bon (6.0) 
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APPENDIX 4 

Calibration data 


 
 
 



 
 
 



 
 
 



APPENDIX 4: FIGURE A3 


Figure M: Ta C.llbration curve 
by ICP-AES (JV..u) 240.863 om 
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SU MMARY OUTPUT 

Regression Statistics 

Multiple R 0.999626 

R Square 
Adjusted R Square 
Standard Error 
Observations 

0.999252 
0.998878 
129.8444 

4 

ANOVA 

No. of Stds 
OF 
sy/x 

Sa 

Sb 

Lowest signal detectable 
Lowest cone. Detectable 
Lowest quantitation signal 
Lowest cone. quantifiable 

4 
2 

129.8443575 

83.58557302 

8.099468491 
292.701 

0.930ppm 
1201.612 

3.101 ppm 

df SS MS F Significance F 
Regression 1 45062579.06450625792672.82103 0.00037393 
Residual 2 33719.1143716859.56 
Total 3 45096298.18 

Coefficients Standard Error t Stat P-value Lower 95% Upp~r 95%Lower 95.0% Upper 95.0% 
Intercept -96.832 83.58557302 -1.15848 0.3663056 -456.471966 262.8079 -456.472 262.8079 

X Variable 1 418.7371 8.099468491 51.699330.00037393 383.887894 453.5863 383.8879 453.5863 


 
 
 



APPENDIX 4: FIGURE A4 
Ta 
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Regression 
df 

1 360676.3805360676.415792.9673 6.3313E-05 
SS MS F Significance F J 

i 

Residual 2 45.6755685422.83778 ~ · Total 3 360722.0561 i
; 

Intercept 6.06506 3.3121019151.8311820.20854974 -8.18577415 20.31589 -8.18577 20.31589 
X Variable 1 37.19176 0.295947601125.67016.3313E-05 35.9183961 38.46512 35.9184 38.46512 5. 

I 
iii•
i
l; 
~ 

.. 
:II. 

t 

No. of Stds 
OF 
sy/x 

Sa 

Sb 

Lowest signal detectable 
Lowest cone. Detectable 
Lowest quantitation signal 
Lowest conc.quantifiable 

4 
2 

4.778889439 

3.312101915 

0.295947601 
20.402 

O.385ppm 
53.854 

1.285ppm 

Figum M: fa Calibr.,. curw 
by ICPAfS (JY.24) 268.511 nm 

1,00 I 

i 200 

SUMMARY OUTPUT 

Reflression Statistics 

Multiple R 0.999937 

R Square 0.999873 
Adjusted R Square 0.99981 
Standard Error 4.778889 
Observations 4 

ANOVA 

Coefficients Standard E"or t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0% 

 
 
 



df SS MS F Significance F 
Regression 1 93358446039.34E+09 174652.1 5.7256E~06 

Residual 2 106907.899653453.95 
Total 3 9335951511 

CoefflcientsStandard Error t Stat P-value Lower 95% Upper 95% Lovver 95.0% Upper 95.0% 
Intercept -126.538 144.2362246 -0.87730.47284902 -747.137157 494.0605 -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 A5 
Ti 337.280Fn;;,;;m~==f"'===-==="'F"~ 

No. of Stds 4 
OF 2 
sy/x 231.2011025 Re(J,ression Statistics 

sa 144.2362246 Multiple R 0.999994 

Sb 5.656322535 R Square 0.999989 
Lowest signal detectable 567.065 Adjusted R Square 0.999983 
Lowest cone. Detectable 0.293ppm Standard Error 231.2011 
Lowest quantitation signal 2185.473 Observations 4 
Lowest conc.quantifiable 0.978ppm 

AN OVA 

SUMMARY OUTPUT 

figure A5:Ti Calibration curve 
by ICP.AES (JV-24) 331.280 nm 
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APPENDIX 4: FIGURE A6 


SUMMARY OUTPUT 

Figuse Ai: Ti Cllibration curve 
by tCP..AfS-,",'1'-24) _.520 ttl. 
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No. of Stds 

OF 
sy/x 

Sa 

Sb 

Lowest signal detectable 
Lowest conc. Detectable 
Lowest quantitation signal 
Lowest conc.quantifiable 

4 

2 
201.6810253 

125.8199435 

4.934115433 
520.913 

O.219ppm 
1932.680 

O.729ppm 

Rearession Statistics 

Multiple R 0.999997 

R Square 0.999994 
Adjusted R Square 0.99999 
Standard Error 201.681 
Observations 4 

ANOVA 
df SS MS F Significance F 

Regression 1 127783868261.28E+10314156.428 3.1831E-06 I
Residual 2 81350.471940675.24 -; 

'!'
Total 3 12778468177 +

i 
«

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.(}% Upper 95.0% c; 

Intercept -84.1301 125.8199435 -0.668650.57255917 -625.48997 457.2298 -625.49 457.2298 
X Variable 1 2765.555 4.934115433560.49663.1831E-06 2744.32508 2786.785 2744.325 2786.785 i 

I 
I 

i 

t 
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APPENDIX 4: FIGURE A7 


No. of Stds 

DF 

sy/x 

Sa 

Sb 

Lowest signal detectable 
Lowest cone. Detectable 
Lowest quantitation signal 

Lowest conc.quantifiable 

4 
2 

48.97997367 

30.83118803 

2.41673906 
117.976 

0.033 ppm 
460.836 

0.111 ppm 

figure A1: V Calibration curve 
by ICP.OES tJY.24) at 292. nm 

SUMMARY OUTPUT 

Regression Statistics 

99985 

t 19985 

I 59995

J ]1l995 

19985 

---_.... _------_._ .. _------------ ­·15 
I} 10 20 

Conc.~ 

Multiple R 1 

R Square 0.999999 
Adjusted R Square 0.999999 
Standard Error 48.97997 
Observations 4 

ANOVA 
df SS MS F Significance F 

Regression 1 7999650241 8E+093334524.44 2.9989E-07 
Residual 2 4798.0756412399.038 
Total 3 7999655039 

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0% 
Intercept -28.9639 30.83118803 -0.939440.44667602 -161.619912 103.6921 -161.62 103.6921 

X Variable 1 4413.13 2.416739061826.0682.9989E-07 4402.73153 4423.528 4402.732 4423.528 
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tAPPENDIX 4: FIGURE A8 
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Sb 6.073170033 R Square 0.999933 ! 
~ 

Lowest signal detectable 116.045 Adjusted R Square 0.999899 
Lowest conc. Detectable 0.137ppm Standard Error 47.82019 t 
Lowest quantitation signal 450.787 Observations 4 
Lowest conc.quantifiable 0.456 ppm 

ANOVA I 

v 311.071~=_====T====""'F====';=====;; 

No. of Stds 4 
OF 2 
sy/x 47.82018866 

34.08558227 

figure .A8: V Callbnrtiob curve 
by tCP'()ES (JY.24) at 311.011 tim 
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SUMMARY OUTPUT 
·15 

0 2 4 6 8 10 

Reu..ression Statistics Conc,(mgI) 

Multiple R 0.999966 

df SS MS F Significance F 
Regression 1 68244710.526824471129843.2712 3.3507E-05 
Residual 2 4573.540887 2286.77 
Total 3 68249284.06 i 

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lo""er 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 6.073170033172.75213.3507E-05 1023.02182 1075.283 1023.022 1075.283 i 
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APPENDIX 4: FIGURE A9 


SUMMARY OUTPUT 

I JI'< 

, 
7 

No. of Stds 
OF 
sy/x 

sa 

Sb 

Lowest signal detectable 
Lowest conc. Detectable 
Lowest quantitation signal 
Lowest conc.quantifiable 

4 
2 

289.7215334 

182.3696177 

14.29525771 
612.290 

O.190ppm 

2640.341 
O.635ppm 

Figbr&A9: Cr CfJllbratioR caNe 
by ICP..oES fJV-24) at 351.869 nm 
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COIlc.(mutJRe9.ression Statistics 

Multiple R 0.99999 

R Square 
Adjusted R Square 
Standard Error 
Observations 

0.99998 
0.999971 
289.7215 

4 

ANOVA 
df SS MS F Significance F 

Regression 1 85597059098.56E+09 101975.84 9.8061E-06 
Residual 2 167877.133883938.57 
Total 3 8559873786 

Coefficients Standard Error t Stat P-value Lower 9S% Upper 9S%Lower 9S.0% Upper 9S.0% 
Intercept -256.874 182.3696177 -1.408540.29431686 -1041.54788 527.7995 -1041.55 527.7995 

X Variable 1 4564.998 14.29525771319.33669.8061E-06 4503.49089 4626.506 4503.491 4626.506 
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