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Synthetic diamond
d = 110 - 200 μm
 = 1500 - 2000 W/(mK)
CTE = 1 x 10-6/K

Advanced Material Concept for Heat sinks - CompositesAdvanced Material Concept for Heat sinks Advanced Material Concept for Heat sinks -- CompositesComposites
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The properties of the fillers can only be exploited

in the composite if the interfaceinterface is optimised to 
obtain:
- minimum thermal boundary resistance
- strong interfacial bonding.

Copper
 = 400 W/(mK)
CTE = 17 x 10-6/K

Presenter
Presentation Notes
In this figure you can see that carbon-copper-composites are promising materials for heat sink application because carbon-based reinforcements have high thermal conductivities and low coefficients of thermal expansion.
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Presenter
Presentation Notes
 ist als sehr positiv zu werten, da der Washcoat i.a. eine Vergrößerung der aktiven Oberfläche um mehrere Zehnerpotenzen bringt und nicht klar war, ob die unbeschichteten Fasern damit überhaupt eine Chance auf ausreichende katalytische Aktivität haben
Derzeit liegt die Light-Off-Temperatur noch bei etwa 570°C (ca. 400 °C werden angestrebt)
Cer wirkt sich sehr positiv auf das Umwandlungsverhalten aus, verursacht jedoch durch seine hohe Oxidationsneigung eine nicht tolerierbare Materialversprödung.
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Cu - DiamondCu Cu -- DiamondDiamond
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Chemical bonding
at the interface
is needed.

Thermal conductivity vs. copper matrix alloy

Cu(X)/40%diamond
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Influence of the Boron Content on the Thermal Conductivity / CTEInfluence of the Boron Content on the Thermal Conductivity / CTEInfluence of the Boron Content on the Thermal Conductivity / CTE
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/K - TC seems to achieve a

maximum (>600 W/mK) at
boron levels of about 
0,5 wt.% (2,9 at.%)
and decreases slightly at
higher boron contents. 

- The CTE drops to a value in
the range of 7-8 ppm/K
independent of the boron

content (0,3-2,0wt.%).
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Thermal Properties vs. Boron Content – Modelling by EPFLThermal Properties vs. Boron Content Thermal Properties vs. Boron Content –– Modelling by EPFLModelling by EPFL

 a ~1μm carbide layer (2 wt.%B)
can reduce the interfacial
thermal conductance of the
composite 
from           3,0 · 107 W/m2K
to about    1,7 · 107 W/m2K 

 an increasing thickness of the
boron carbide layer can cause
the reduction of TC of the
composites with the increasing
boron content

??
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 thermal fatigue testing for up
to 1000 cycles between -50°C
and 140°C

 One thermal cycle needs
about 6 min.

Environmental Testing at EPFLEnvironmental Testing at EPFLEnvironmental Testing at EPFL
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about 35% decrease
of TC and about 20%
increase of the CTE

strongest degradation
in samples which had
already shown lower
thermal conductivities
before the cycling.

Thermal Fatigue of the CuB CompositesThermal Thermal FatigueFatigue of of thethe CuBCuB CompositesComposites
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TEM micrographs showing the 
Cu/diamond interface
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MicrostructuresMicrostructuresMicrostructures

- An interfacial phase of some 20 nm in thickness was revealed.

- Judging from the relative intensity of diffraction spots
B6.5 C is most probable (compared to B4 C).
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Fracture Surface of the CuB CompositesFracture Surface Fracture Surface of of thethe CuBCuB CompositesComposites

Low interfacial bonding
between diamond and boron
carbide:

Cu        C        B in wt.%
1:    61        39
2:    22        22 56
3:    20        17      62
4:               100
5:               100
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ConclusionsConclusionsConclusions

P/M - fabrication of copper composites with high diamond loading up to 
65 vol% by using bimodal particle mixtures.

Optimisation of the boron content in CuB/60 diamond composites.

Study of the thermal cycling behaviour revealed some weakness of the 
interfacial bonding, especially at the side of diamond/carbide.
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