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Abstract

Tungsten (W) is a prime candidate as first wall armor material of future fusion power plants as W withstands extreme particle,

heat, and radiation loads without forming long-lived radioactive waste. The release of radioactive material from the reactor to the

environment should be suppressed in case of an accident such as a loss of coolant (LOCA) with simultaneous air ingress into the

vacuum vessel. W oxidizes and sublimates in case of a LOCA. Therefore, oxidation resistant tungsten, chromium, yttrium (W-Cr-Y)

alloys are developed to provide intrinsic safety in case of such an accident.

In this paper, the optimization of the yttrium (Y) concentration is presented on bulk samples compacted by field assisted sintering

technology (FAST). W with 11.4 weight (wt ) % Cr and 0.6 wt % Y appears to be an optimum regarding the oxidation resistance.

Further, first preparations for industrial upscaling, which may increase the impurity level, are addressed. The oxygen (O) content is

varied systematically. It is shown that a good oxidation resistance requires a low O level.

The exposure of the material to fusion neutrons is another issue addressed on W-Cr-Y alloys. In a non-activated environment it

is shown that 1 wt % rhenium (Re) dramatically changes the oxidation kinetics: at 1273 K the mass gain of W-Cr-Y-Re follows a

cubic rate law while W-Cr-Y follows a linear rate law for two days. Further, the influence of the alloying elements on the neutron

transport and transmutation of W is studied by simulating the exposure of spatially heterogeneous high-resolution models of the

W-Cr-Y alloys to 14 MeV fusion neutrons.
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1. Introduction

Main advantages of W as first wall armor material in fusion

power plants are its resistance to heat and particle loads, the

good thermal conductivity and the low tritium retention. Neu-

trons from the plasma activate the W during regular operation.

After five years of irradiation by a neutron flux expected in a

DEMOnstration power plant, W is predicted to generate a heat

of 6.19 × 10−2 kW kg−1. After 100 years the heat generation is

reduced to 1.13 × 10−10 kW kg−1 [1]. The fast decay of the ra-

dioactive isotopes is another advantage of W as plasma-facing

material.

However, the heat generation is a problem in case of a loss-of-

coolant accident (LOCA) in combination with air ingress into the

vacuum vessel. Temperatures between 1200 K and 1450 K for

several weeks are predicted due to the nuclear decay heat in such

an accident. The radioactive W oxidizes. The oxide sublimates

at a rate of 1.4 × 10−4 mg cm−2 s−1 at 1273 K in humid air [2].

As this material can be released to the environment, sublimation

is a severe safety hazard. Therefore, oxidation resistant W alloys

are developed [2–9].
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Elemental optimization of the oxidation resistance based on

thin films deposited by magnetron sputtering resulted in the opti-

mum composition of an alloy containing W, 11.4 weight (wt) %

of Cr, and 0.6 wt % of Y (W-11.4Cr-0.6Y) [4]. Field-assisted

sintering technology (FAST) allowed the production of bulk

samples of several millimeters [7], a thickness as foreseen for

the first wall armor in DEMO [10]. A similar erosion resistance

to the plasma as compared to pure W is shown [8]. Further, the

sublimation is suppressed by more than one order of magnitude

as compared to pure W in humid air at 1273 K [2].

This paper verifies that the Y content of 0.6 wt %, as opti-

mized for thin films, is also optimum for the oxidation resistance

of bulk alloys. Further, the influence of impurities on the oxida-

tion resistance is addressed. Impurities can be introduced during

manufacturing. Oxygen (O), one of the elements which is diffi-

cult to avoid, is investigated. Additionally, neutron irradiation

during operation of the power plant transmutes W to rhenium

(Re), tantalum (Ta), osmium (Os), and hafnium (Hf) [1]. The

influence of Re as the main transmutation product on the oxi-

dation resistance is studied. In addition, it is studied how the

alloying elements influence the neutron transport and transmuta-

tion of W by simulating the exposure of spatially heterogeneous

high-resolution models of the W-Cr-Y alloys to 14 MeV fusion

neutrons.













the reasons for the cubic oxidation kinetics, sublimation studies,

and longer oxidation experiments should be conducted. The

experimental work is complemented by modeling work. Simula-

tions of the exposure of spatially heterogeneous high-resolution

models suggest that the production of W transmutants scales

down with the W concentration. The presence of Cr causes

increased production of V, H, and He. All production rates are

estimated to be at a non-critical rate.
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