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Motivation

Computational Thermodynamics Alloy Development Materials Science
and Kinetics

Powder Metallurgy

Research Networks
CALPHAD

Development of Thermodynamic and Kinetic
Databases

Hardmetals
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Invention of Hardmetals

Drawing Dies for Tungsten (Osram)

W(C Substitution for Diamond

Overcome the brittleness of WC - Additions Fe, Ni, Co
1923 — Patent filed for Co-WC

Industrial production started in end of 1920’s

1932 TiC containing hardmetals introduced
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Database Development

Modeling Experiments

Johansson 1977 Systematic studies of thermochemical
Akesson, Uhrenius, ... 1970-90 properties of hard phases 1950-
Guillermet 1984-88 Experimental Determination of

Frisk, Jansson, Markstrom,... 1992 — 2016 Phase diagrams 1960-

Du et al. 2009 -

Kaplanetal., 2011 -

Dedicated Experimental Studies
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ALLOY DESIGN
Manufacturing Processes

Powder metallurgy
o Powder

o Mixing CALPHAD

° Pressing
o Sintering /

Sintering
o High Temperatures

° The binder phase is in the liquid state — Liquid phase sintering

o Dissolution / Solution / Diffusion / Rearrangement

o Reactions with the sintering atmosphere
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The Alloy Systems — Critical Information

Co-WC
o Solubility of Cand W in Co
o The stability of carbides

> Melting point of the binder phase Coati NgS

Co-WC + Cubic carbides (TiC, NbC, TaC, ZrC, VC, HfC, ....) Cermets
o Solubility of W in the cubid carbide (Ti,W:C,Va) .
Oxides

Co-WC + Cubic carbides + Nitrogen
o Solubility in carbonitrides (Ti,W:C,N,Va)

Co-WC +Cr, V, ... (grain refinement)
o Stability of unwanted carbides (Cr-carbides,..)

Alternative binders: Fe, Nj, ....
o Same as above with new limitations
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The Alloy Systems

Co-WC
> Solubility of Cand W in Co Calculation
o The stability of carbides ) S|mp||fy
o Melting point of the binder phase Experiment

Co-WC + Cubic carbides (TiC, NbC, TaC, ZrC, VC, HfC, ....)
o Solubility of W in the cubid carbide

Co-WC + Cubic carbides + Nitrogen
o Carbonitrides

Co-WC +Cr, V, ... (grain refinement)
o Stability of unwanted carbides (Cr-carbides,..)

Alternative binders
° Fe, Ni, ...
o Same as above with new limitations
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C-Co-W ternary system Co-W-C +Ti

liguid + fcc (binder) + WC + liguid + fcc (binder) + WC +
graphite graphite + MC
1450 : o
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Reliable predictions by calculations

Measured/Calculated Melting Temperature

C-Co-W + Cr + Nb + Ta + Ti +V
Liquid + fcc + WC + gra. 1298 / 1298
Liquid + fcc + WC + gra. + MC 1282 /12861289 / 1291|1289 / 1286|1254 / 1262
Liquid + fcc + WC + gra. + M7C3 1191 /1191
Melting point reduction -107 -16 -9 -9 -44
Difference experiments - calculation 0 0 -4 -2 3 -8
Liquid + fcc + WC + M6C 1368 / 1368
Liquid + fcc + WC + M6C + MC 1345/ 1342 |1352 /1352|1361 / 1359|1320/ 1321
Melting point reduction -42 -16 -7 -48
Difference experiments - calculation 3 0 2 -1
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The Alloy Systems

Co-WC
> Solubility of Cand W in Co Calculation
o The stability of carbides ) S|mp||fy
o Melting point of the binder phase Experiment

Co-WC + Cubic carbides (TiC, NbC, TaC, ZrC, VC, HfC, ....)
o Solubility of W in the cubid carbide

Co-WC + Cubic carbides + Nitrogen
o Carbonitrides

Dedicated Experiments
Gradients

Co-WC +Cr, V, ... (grain refinement)
o Stability of unwanted carbides (Cr-carbides,..)

Alternative binders
° Fe, Ni, ...
o Same as above with new limitations
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Experimental investigation

TiC, TaC, VC + WC + Fe (binder) + C
o Fe has higher solubility of N than Co

Sintered in N, gas (0.1-11 bar) at 1500 and 1850°C
° Influence of pressure and temperature

Microstructure investigated (SEM)
Phase compositions measured (WDS)

Comparison with calculations

Model Alloys
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No gradient

Sample 1 and 2

TiC (17g) + WC (bal.) + C (0.2g) + Fe (6g) + N, gas
1.75 bar N,

1850°C, 24h

Exp: 40C 7N 28Ti 24W (at%)
Calc: 44C 3N 27Ti 25W

9.9 barN,
1850°C, 24h

Exp: 40C 11N 28Ti 20W (at%)
Calc: 41C 6N 29Ti 23W




Carbonitride layer
in surface

Sample 10

TiC (9g) + TaC (27g) + WC (bal.) + C (#.3g) + Fe (6g) + N, gas

10.7 bar N,
1500°C, 120h

Exp: 33C 16N 20Ta 26Ti 6W
Calc: 39C 11N 20Ta 20Ti 10W
(at%)
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Future developments

Modeling needs
o Alternative binders

o Nitrogen / Nitrides
o Assess and reassess

Experimental needs
° Thermochemistry and stability of hard phases

o Alternative binders
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Summary

Experimental Data
Simplify

Complexity of Database and Alloy Development

Thanks to:

Bo Jansson, Bo Sundman, Lucia Dumitrescu, Jenni Zachrisson, Andreas Markstrom, Greta
Lindwall, Susanne Norgren, Ida Borgh, Johan Bratberg, Bartek Kaplan.
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