Mater. Res. Symp. Proc. 383 (1996) 379.

MECHANICAL PROPERTIES OF DIAMOND FIBRES

N.M. EVERITT, R.A. SHATWELL", E. KALAUGHER AND E. NICHOLSON™*

Department of Aerospace Engineering, University of Bristol, Queens Building,
yniversity Walk, Bristol, BS8 1TR, UK
*PRA Sigma, Sunbury-on-Thames, Middx TW16 7LN, UK

Department of Chemistry, University of Bristol, Cantock's Close, Bristol, BS8 1TS, UK

ABSTRACT

Tungsten and silicon carbide fibres have been coated with diamond using the HFCVD
technique. The diamond volume fraction varied between 26% and 73%. Resonance in
bending tests gave a Young's modulus of 880 GPa for the diamond coating. Tensile testing
indicated that the diamond fracture strength was between 600 MPa and 2000 MPa, depending
on the coating thickness, and thus the grain size, of the diamond. The strain to failure of the
diamond coating in bending was approximately 0.15% for 25 um thick films.

INTRODUCTION

Polycrystalline diamond film deposited on thin cores makes an attractive material for high
modulus fibres if the stiffness of the single crystal can be reproduced. The specific stiffness of
diamond compares well with that of high modulus carbon fibre. In addition, the fibre is
electrically insulating if deposited on a non-conducting core, which could be an advantage for
stealth applications. The commercial potential of the stiff fibre will depend on its fracture
strength and strain to failure compared to other existing fibre systems such as carbon fibres
and silicon carbide or other ceramic fibres.

Diamond fibres have been grown on silicon carbide (SiC) and tungsten (W) cores using
hot filament CVD. The following paper reports the modulus, tensile fracture strength, and
strain to failure (from bend testing) of diamond coatings of such fibres.

EXPERIMENTAL DETAILS AND THEORY

Fibre growth

The diamond coating for this work was carried out in specially designed growth reactor,
constructed in collaboration with Thomas Swan!. 1t is based on conventional hot filament
CVD reactors, but instead of planar substrates long metallic or ceramic wires are arranged
around a vertical central filament so that they are parallel to the long axis of the filament.

The source gases used were methane and hydrogen in the ratio 0.75:100. Total gas flow
rate was 200 std cm3 min-!, and the chamber pressure was 20 Torr. Diamond growth rates
were 0.5-1 um h-1.
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