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Tungsten-tantalum composites with 10 and 20 at.% Ta were prepared by ball milling W powder with Ta
fibers and by consolidating the milled materials with spark plasma sintering. The composites were
implanted at room temperature with He* (30 keV with a fluence 5 x 10?! at/m?) and/or D* (15 keV with
a fluence 5 x 10! at/m?) ion beams. The materials were studied by scanning and high-resolution trans-
mission electron microscepy, both coupled with energy dispersive X-ray spectroscopy, and by X-ray dif-
fraction, Rutherford backscattering spectrometry and nuclear reaction analysis. The microstructure
observations revealed that the milling operation resulted in severe fragmentation of the Ta fibers. Fur-
thermore, during the consolidation process the Ta phase acted as oxygen getter and reduced the W oxide
present in the original material. The surface of the tungsten-tantalum composites implanted with D*
remained essentially unaltered, while the materials implanted with He* evidenced blisters on the Ta-rich

regions. D retention in the composites increased with He* pre-implantation.
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1. Introduction

The high melting point, high sputtering threshold and low tri-
tium inventory render tungsten a potentially suitable material
for plasma facing applications in nuclear fusion devices {1-3].
Tungsten shows also adequate corrosion resistance and the highest
tensile strength of all metals at elevated temperatures {4]. The ma-
jor issue associated with the presently available tungsten grades, in
the context of structural applications, is their brittleness at low
temperatures [5] which is worsened by irradiation [65].

Pure tantalum shows high toughness, low activation and high
radiation resistance and, moreover, transmutes to W under high-
energy neutron irradiation. This tends to retard the formation of
the brittle sigma phase following the transmutation of W to Os
and Re |7|. However, Ta is a scarce commodity and its extensive
use as plasma facing material cannot be envisaged for large
devices.

A strategy to increase the fracture toughness of W-based mate-
rials for nuclear fusion applications lies on the development of
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W-Ta composites by mechanical synthesis {8]. Additionally, a high
aspect ratio of the secondary phase tends to further enhance the
fracture toughness of the composites due to deflection of the
cracks at the interfaces and the consequent consumption of elastic
energy via interfacial decohesion [9]. Therefore, dispersions of duc-
tile Ta fibers in a W matrix have been proposed as a novel approach
for the development of suitable plasma facing materials | 10]. Since
the elements exhibit complete miscibility [ 1 1], mild milling condi-
tions as well as moderate temperature and/or short time sintering
conditions must be employed to prevent alloy formation. Previous
investigations on these composites [12,13] raised major concerns
regarding their production and application: (i) the effect of
mechanical synthesis on the aspect-ratio of the dispersed fibers re-
quires elucidation, (i} oxygen seems consistently associated with
the Ta phase, a phenomenon that demands justification, and (iii)
irradiation with He™ and D" ion beams results in severe blistering
in the Ta-rich regions, however the relative contribution of the im-
planted species to this behavior is unknown.

In the present study tungsten~tantalum composites (W-Ta)
were produced by ball milling W powder with 10 and 20 at.% of
Ta fibers. Consolidation was carried out by spark plasma sintering
(SPS) and the composite materials were subsequently implanted,
at room temperature, with He® (30keV with a fluence of



