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Measurement Uncertainty for Analysis of Residual Carbon in a
Tungsten-15% Copper MIM part
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Abstract Carbon contamination from the binder resin is an inherent problem with the metal powder injection
molding process. Residual carbon in the W-Cu compacts has a strong impact on the thermal and electric prop-
erties. In this study, uncertainty was quantified to evaluate determination of carbon in a W-15%Cu MIM body by
the combustition method. For a valid generalization about this evaluation, uncertainty scheme applied even to the
repeatability as well as the uncertainty sources of each analyse step and quality appraisal sources. As a result, the
concentration of carbon in the W-Cu part were measured as 0.062% with expanded uncertainty of 0.003% at 95%
level. This evaluation example may be useful to uncertainty evaluation for other MIM products
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Table 1 Optimized GC instrument operating conditions

Model Agilent 6690
Injector Temperature 250°C
Injection Volume 1X10° L
Split 5:1
Oven Temperature 35°C(5 min)-250°C(10 min)
Tonization Voltage 70 eV
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Fig. 1. Uncertainty diagram for the determination of car-
bon.
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Table 2. Coefficients and calculated values of uncertainties of equation
Terms Ceofficients Calculated results
aC. Ax Vo x Vixfixfy 0.012686
OCa AyxVixn

aC Coar* Vax VixfrXfa 4.071009
2, T Ak Tixn

oCc Coa Ax Vixfrxfa 37.910862

ov, A xVyxn

oCc Coarx A Vax Vixfixfa 1842612

oV, AxVixn

a_CC (Coqx Agx V x Vix fxf3) 1245344

04, A% xVixn

% _ (CcaIXAS>< Vax Vs Xfr X-ﬁi) -0.380338

oV, A xVixn

8C, CoaxAsx Vax Vixfa 38.084042

of, A\ xVixn

% Ccal><AS>< Va>< VS Xfr 38.084042

of, A\ xVixn

Table 3. Calculation results of uncertainties in the equation of the model

Source Value uitc?:rrltdaiﬁy Uncertainty Type ofl');g:g(s)m uncl:;ﬁ::ye(%)
Cy 30002 pg/ml 0.002887  B-Type ) 0.000096
A, 9.354939 0.208288 A-Type 4 2.226505
v, 1.004568 m! 0001272  A-Type+B-Type 293 0.126578
\'A 20.668513 ml 0.016634  A-Type+B-Type 34 0.080478
A, 30.581145 0.053671 A-Type 4 0.175503
\'A 100.132134 0.057829 A-Type+B-Type 855005 0.057753
f 1 0.033352 A-Type 4 3.335194
f, 1 0.052686  A-Type 4 5.268608
Measurement Value 3808 pg/disc
Combined uncertainty 280 pg/disc
Expanded uncertainty 460 pg/disc
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x(0.033352)" +(38.084042)*x (0.052686)
u(C) =2.180197 pg/disc
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