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i iMotivation

WC C Di dWC-Co-Diamond

C lid i f l i l d i Consolidation of electrical non-conductive 
and conductive material with FAST/SPS 
(Si3N4, TiN, TiC, SiC, B4C, …)(Si3N4, TiN, TiC, SiC, B4C, …)

 Materials with nano scaled 
microstructure

B  b id Boron suboxide 20 μm
 Diamond and cBN containing materials 

20 μm
 Diamond and cBN containing materials 

(WC (C ) Di d  SiC Di d  )(WC-(Co)-Diamond, SiC-Diamond, …)
SiSiC Di d

 Transparent materials
SiSiC-Diamond

 Transparent materials

 Upscaling of the FAST/SPS processp g p

 Sh t   ti Shorter process time

 Larger specimen size Larger specimen size
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M ti tiMotivation
C i l i l b d TiC Al O Z OCutting tool material based on TiC-Al2O3-ZrO2

Displacement as a function of timeDisplacement as a function of time
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S /S S d i d i i lFAST/SPS device and specimen material p

i l i h l h lid i Materials with nearly the same consolidation 
behavior:

 Si N (2 t% Y O  2 t% Al O )  Si3N4 (2wt% Y2O3, 2wt% Al2O3) 

electrically insulatingelectrically insulating

 70 wt% TiN – 30wt% Si3N4 (2wt% Y2O3, 2wt% 3 4 ( 2 3,
Al2O3) Al2O3) 

electrically conductive, also the pressed powder is y p p
electrically conductiveelectrically conductive

h b lid d 0°C Both can be consolidated at ~1750°C

 Same sintering behavior (displacement)  but totally  Same sintering behavior (displacement), but totally 
diff t l t i l tidifferent electrical properties
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FAST/SPS  FAST/SPS temperature measurementp

1750°C1750°C
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FAST/SPS  FAST/SPS temperature measurementp
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FAST/SPS  FAST/SPS temperature measurementp

T=TPyro B-TPyro AT TPyro B TPyro A

Pyro APyro A

H  diHotter die

Pyro BPyro B

C ld diColder die
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FAST/SPS  FAST/SPS temperature measurementp

 Density measurement after sintering (Archimedes method,)Density measurement after sintering (Archimedes method,)

h i l d i Si 3 2 / ³ i Si / ³ Theoretical density: Si3N4= 3,24 g/cm³; TiN-Si3N4= 4,55 g/cm³

Tool Die DensityTool Die Density

i hi k Si i Sisize thickness Si3N4 TiN-Si3N4

mm mm g/cm³ % g/cm³ %mm mm g/cm % g/cm %

20 10 2 77 85 5 4 46 98 020 10 2,77 85,5 4,46 98,0

30 10 2,99 92,3 4,46 98,030 10 2,99 92,3 4,46 98,0

40 10 3 04 93 8 4 46 98 040 10 3,04 93,8 4,46 98,0

62 10 3,07 94,8 4,46 98,0, , , ,
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FAST/SPS Fi it  El t M d lFAST/SPS Finite Element Model

Ul dReal tool setup UloadReal tool setup

T i t Fi it  El t Transient Finite Element 
Model implementation p
includingincluding
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S /S S i i l d lFAST/SPS Finite Element Model

A  lAn example:

 Non conductive  Non-conductive 
materialmaterial

 40mm tool diameter 40mm tool diameter

 100K/min, 1250°C,

 I l t d i t   Implemented piston 
movement
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S /S S i i l d lFAST/SPS Finite Element Model

i i l diff i i f SiFinite Element Temperature at different sintering stages for Si3N4

1505°C 1580°C 1740°C 1753°C 1775°C1505°C 1650°C1580°C 1740°C 1753°C 1775°C

1450°C 1550°C 1756°C1450 C 550 C 1756 C
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S /S S i i l d lFAST/SPS Finite Element Model

i i l diff i i f i SiFinite Element Temperature at different sintering stages for TiN-Si3N4

1465°C 1400°C 1600°C 1750°C 1685°C1465°C 1665°C1400°C 1600°C 1750°C 1685°C

1430°C 1690°C 1780°C1430 C 690 C 1780 C
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S /S S i i l Si l i lid iFAST/SPS Finite Element Simulation ↔ Validation

C i f l d d dComparison of FEM evaluated and measured temperature
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C l iConclusion

S /S S di ib i ( l ) d di FAST/SPS Temperature distribution (also) depending on

 Tool size Tool size

 Electrical properties of the sample materialElectrical properties of the sample material

d f h d ff Two point temperature measurement can identify these difference

 A transient Finite Element Model can visualize temperature distribution  A transient Finite Element Model can visualize temperature distribution 
during heating ramp and isothermal dwell timeduring heating ramp and isothermal dwell time

 Half quantitative agreement with experimental results q g p

(R   i )(Reason: contact resistance)

 FEM allows the design of tools and understanding of microstructure  FEM allows the design of tools and understanding of microstructure 
f ti   formation  
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M th k !Many thanks!Many thanks!

SeProFAST E!6237SeProFAST E!6237

© Fraunhofer IKTS


