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The Japan-US PHENIX project irradiated tungsten materials in the RB-19] capsule experiment in the High
Flux Isotope Reactor (HFIR). A gadolinium (Gd) shielding was used to absorb the thermal neutrons and
reduce rhenium and osmium generation in tungsten. Pure tungsten and K-doped W-3% Re samples were
irradiated at 532 - 662 °C to dose of 0.21-0.46 dpa, with the grain orientation perpendicular or parallel
to the disk surface. Thermal diffusivity measurements were performed from 100 °C to 500 °C. Additional
measurements followed after annealing up to 900 °C. Irradiated pure tungsten specimens showed sim-
ilar thermal diffusivity results compared with an unirradiated W-1% Re specimen in another study. The
transmutation amount of Re was calculated to be about 0.52% for those specimens that showed good
agreement with this study. Specimens irradiated in this study to different doses presented almost the
same thermal diffusivity. Annealing up to 800 °C resulted in no recovery of thermal diffusivity. These
results show that the contribution of crystalline defects to degradation of thermal diffusivity is quite
limited. In addition, the thermal diffusivity of the irradiated specimens was getting close to that of the
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unirradiated specimens at elevated temperature.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Neutron irradiation introduces various changes in the physical
properties of materials. Thermal diffusivity is an important prop-
erty to consider as it is key in the divertor design for a fusion reac-
tor. High heat transfer ceramic materials such as SiC or AIN showed
severe degradation in thermal diffusivity after neutron irradiations
[1-3]. In these materials, heat is mainly carried by phonon, and the
heat transfer is disturbed by neutron induced defect with phonon-
lattice scattering.

Tungsten is the primary candidate material for divertor in
which some part of heat is carried by phonons like ceramics, and
the other part is carried by electron like other metals. In fusion
reactors neutron irradiation will induce both crystalline displace-
ment defects and transmutation reactions producing rhenium and
osmium. It was reported that the thermal diffusivity of tungsten is
strongly reduced by additional elements in the alloy [4]. It is im-
portant to understand these effects independently for developing
tungsten materials for fusion reactors. Currently, there is limited
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available data of tungsten on thermal diffusivity after neutron irra-
diation [5]. Furthermore, the existing irradiations were performed
in fission test reactor with different neutron energy spectra from
a fusion reactor. In a fission reactor, the ratio of thermal neutrons
that induce transmutations to fast neutrons that induces crystalline
defects is relatively higher than that in a fusion reactor. In the case
of tungsten materials, the total solid transmutation rate in a fusion
divertor is 0.08 %/dpa, while it is about 8.5 %/dpa in the fuel trap
region of the HFIR at Oak Ridge National Laboratory (ORNL) [6].
Moreover, it has been reported that specimens irradiated in light-
water fission reactors had different microstructures from materials
irradiated in fast reactors [7].

Therefore, the US-Japan collaboration project PHENIX irradiated
tungsten materials in the RB-19] capsule experiment in the HFIR.
The capsule was lined with a 1 mm thick gadolinium (Gd) metal
liner. It was located on the inside of the capsule housing and sur-
rounded the specimen holders. Its purpose was to serve as a ther-
mal neutron shield to modify the fast/thermal neutron ratio over
the life of the experiment and controlling the rhenium (Re) and
osmium (Os) transmutations [8,9].
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