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Motivation

B Consolidation of electrical non-conductive
and conductive material with FAST/SPS
(SisN,, TiN, TiC, SiC, B,C, ...)

Materials with nano scaled
microstructure

Boron suboxide

Diamond and cBN containing materials
(WC-(Co)-Diamond, SiC-Diamond, ...)

Transparent materials
W Upscaling of the FAST/SPS process
Shorter process time

Larger specimen size

WC-Co-Diamond
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Motivation

Cutting tool material based on TiC-Al,O5-ZrO,

Displacement, mm

Displacement as a function of time

e===800K/min, 0,25min ===800K/min, 5min ===400K/min, 5min 200K/min, 5min === 100K/min, 5min
| 4,26g/cm?® 4,36 g/cm3 4,36 g/cm? 4,36 g/cm3
16,92+0,27 17,75+0,37 17,61+0,29 18,12+0,28
i GPa GPa GPa GPa
Dwell time at 1600°C
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FAST/SPS device and specimen material

® Materials with nearly the same consolidation
behavior:

SisN, (2wt% Y,0;, 2wt% Al,O3)

electrically insulating

70 wt% TiN - 30wt% SizN, (2wt% Y,0;, 2wt%
Al,O,)

electrically conductive, also the pressed powder is
electrically conductive |

insulation 1

B Both can be consolidated at ~1750°C

B Same sintering behavior (displacement), but totally =
different electrical properties |

thermal

——
~ Fraunhofer

KTS



FAST/SPS temperature measurement

= 20 mm, 10 mm die thickness — @30 mm, 10 mm die thickness
= @40 mm, 10 mm die thickness — @62 mm, 10 mm die thickness
6 : : : 2000
SPS042 SizNg . dashed line 1750°C

| SPSO072 TiN-SisN, | solid line

Displacement, mm
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FAST/SPS temperature measurement

O mm die thickness
0 mm die thickness
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FAST/SPS temperature measurement

@20 mm, 10 mm die thickness @30 mm, 10 mm die thickness

@40 mm, _ @62 mm, 10 mm die thickness
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FAST/SPS temperature measurement

B Density measurement after sintering (Archimedes method,)
B Theoretical density: Si;N,= 3,24 g/cm3; TiN-Si;N,= 4,55 g/cm3

Tool Die Density

size thickness Si;N, TiN-Si;N,

mm mm g/cm?3 % g/cm?3 %
20 10 2,77 85,5 4,46 98,0
30 10 2,99 923 4,46 98,0
40 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 Finite Element Model

Transient Finite Element
Model implementation
including

M Sintering displacement
(,moving mesh")

B Heat radiation losses

insulation |
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B Parameterized model

Validation by in situ
temperature
measurement
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FAST/SPS Finite Element Model

An example:

B Non-conductive
material

B 40mm tool diameter
B 100K/min, 1250°C

B Implemented piston
movement
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FAST/SPS Finite Element Model

Finite Element Temperature at different sintering stages for Si;N,

1505°C 1580°C

1650°C  1740°C

1753°C

1775°C

Temp, °C Temp, °C Temp, °C
. 1570 . 1820 . 1820
1550 1800 1800
1 1530 1 1780 —1 1780
— 1510 —1 1760 1 1760
1 1490 2 —1 1740 —1 1740
— 1470 [ J 1 1720 —1 1720
= 1450 ¥ —1 1700 — 1700
= 1430 ' =1 1680 = 1680
| 1410 1 1660 = 1660
= 1390 1550°C | 1640 | 1640
= 1370 =1 1620 — 1620
— 1350 i . 1 1600 — 1600
— 1330 1 1580 1 1580
1310 1560 1560
1290 1540 1540
1270 1520 1520
1250 1500 1500
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FAST/SPS Finite Element Model

Finite Element Temperature at different sintering stages for TiN-Si;N,

1465°C 1400°C 1665°C  1600°C 1750°C 1685°C
I

Temp, °C Temp, °C Temp, °C
. 1570 . 1820 . 1820
1550 1800 1800
— 1530 | 1780 | 1780
— 1510 — 1760 — 1760
— 1490 | 1740 | 1740
— 1470 — 1 1720 — 1720
— 1450 — 1700 — 1700
— 1430 | 1680 | 1680
= 1410 | 1660 | 1660
1 1390 | 1640 | 1640
— 1370 | 1620 | 1620
— 1350 | 1600 | 1600
— 1330 | 1580 | 1580
1310 1560 1560
1290 1540 1540
1270 1520 1520
1250 1500 1500
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FAST/SPS Finite Element Simulation «— Validation

Comparison of FEM evaluated and measured temperature

= = -D40mm, 10mm die thickness < D40mm, 10mm die thickness FEM
——D40mm, 10mm die thickness ¢ D40mm, 10mm die thickness FEM
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Conclusion

M FAST/SPS Temperature distribution (also) depending on
Tool size
Electrical properties of the sample material

® Two point temperature measurement can identify these difference

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

Half quantitative agreement with experimental results
(Reason: contact resistance)

FEM allows the design of tools and understanding of microstructure
formation
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