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Introduction

Mixed-materials research at the Idaho National Engineering and Environmental Laboratory
(INEEL) has focused on the Be-C and W-C systems. The primary purpose of this work was to
investigate hydrogen isotope retention in these systems. For this purpose, we simulated plasma-
mixed material layers using carbon-coated Be and W specimens that were heat-treated and
tungsten carbide specimens prepared by chemical vapor deposition (CVD). Hydrogen isotope
retention was investigated by means of thermal desorption spectroscopy (TDS) measurements on
deuterium-implanted samples. Results of this work on Be-C were published in references 1-3.
References 4-6 document the results of our studies on the W-C system and compare deuterium
retention data to results derived from previous permeation experiments for tungsten foil [7].

Summary

Be-C

Sample preparation entailed fabrication of carbon-coated Be foils, heating of the composite
samples at different temperatures and depth-profile Auger electron spectrometry (AES) analyses.
Coated specimens were prepared by exposing Brush Wellman ingot metallurgy foils (type IF-1,
99.8% Be, 150 ppm BeO) in a vacuum chamber to carbon vapor generated from an arc discharge
between high-purity carbon electrodes. Specimens with a carbon layer thickness of 10, 50, 100
and 130 nm were prepared. AES depth profile analyses for annealed coated specimens indicated
that for a temperature of 300°C, no Be/C inter-diffusion was observed during a two-hour
annealing. For a temperature of 400°C, Be diffused into the carbon over-layer at a rate of -20
nm/h, whereas for a temperature of 500°C, Be diffusion in the carbon over-layer was quite rapid,
with complete migration through a 130-nm C layer in less than 2 hours. The characterization
analyses indicated a mixed layer of Be&C and possible graphitic phases throughout the original
carbon layer, with a thin BeO layer at the original C-Be interface.

Deuterium retention studies were made by exposing pure Be and C-coated Be specimens to a
fluence of ~2xl023 D/m2 at a flux rate of 6x101 D/m2 for 1-keV D ions. Samples were heated to
400°C during the implantation. Post-implantation TDS measurements (23 to 1000°C, 30°C/min)
indicated that for comparable implantation conditions, the quantity of deuterium retained in the
C-coated Be sample was about 40% more than that retained in the un-coated Be samples.
Thermally-induced release of deuterium occurred predominately at lower temperatures for bare
Be (principal D2 desorption peak at ~250°C) than that for C-coated Be (principal D2 desorption
peak at - 400°C). These results suggest that, for the mixed C-Be layer, deuterium retention is
affected by the presence of possible graphitic phases of C. Details of these studies have been
published [1-3].



w-c
Many different sample types were prepared and characterized for our experiments on deuterium
retention in W-C systems compared to pure W. All specimens were 16.5mm in diameter with a
thickness of 25 urn for W foil, 0.5-mm for Wl%La and 0.75-mm for CVD-W and CVD-W2C
products. W foil samples were punched from high purity foil (99.95 % by weight), a reduction-
rolled, powder-metallurgy product. This material was from the same lot as that used for earlier
permeation studies [7]. These foils were implanted "as-received" and after annealing at 120CPC.
Samples of 0.5-mm Wl%La discs were polished to a mirror finish and in some cases were
annealed at 1000°C or coated with a carbon surface layer. Tungsten and tungsten carbide
samples were made using proprietary CVD processes. The CVD-W material, machined from a
deposit collected in one CVD cycle, had a columnar microstructure, no indications of porosity or
second-phase interstitials, a density of 19 g/cm3 and a micro-hardness of 525 VHN. In contrast,
fabrication of the CVD-tungsten carbide material required multiple CVD deposition cycles,
resulting in a microstructure that contained distinct columnar layers and interfaces between the
layers, a density of 18.3 g/cm3, and a micro-hardness of 2040-2450 VHN. Based on XRD
analyses, the CVD-tungsten carbide consisted primarily of W2C, with some indication of trace C,
most likely at the grain boundaries of the structure.

Carbon-coated samples were prepared by exposing polished Wl%La discs to carbon vapor
generated from an arc between two carbon electrodes in a vacuum system. Nominal coating
thickness ranged from 100 to 150 nm. Carbon-coated samples with 100-nm thickness were used
in annealing studies to determine inter-diffusion properties of the C-W system. Depth-profile
Auger analysis of three different samples heated to 400°C, 600°C, and 800°C for 3 hours each
revealed that some intermixing was observed at the C-W interface only for the sample annealed
at 800°C. No intermixing was observed in the other samples.

Test samples were implanted with a deuterium ion beam (500 eV/D, ~3xl 019 D/m2-s) to a
fluence of ~3xl 023 D/m2. Sample temperatures were set at values between 23°C and 400°C
during implantation. Retained quantities of deuterium were measured using TDS (23 to 100CPC,
30°C/min). Principal findings of this work included the following:

(1) TDS retention data for the 25-u.m W foil are consistent with retention values derived from
the permeation experiments for material from the same batch.

(2) Annealing of 25-u.m W foil to 1200°C results in a retention reduction by a factor of 4 for
deuterium implanted at 200°C, with similar retention reductions observed for other W types
that were annealed.

(3) Retention in CVD-W and Wl%La is below that in W foil for implantation temperatures
<200°C, indicating that different fabrication processes for disc and foil materials and the
resulting intrinsic defect structures influence the retained quantities.

(4) Above 200°C, TDS results indicate the opposite trend, possibly due to higher bulk retention
in thicker CVD-W and Wl%La samples, resulting from diffusive transport into the bulk.

(5) Retention in CVD-W2C was somewhat higher than that in CVD-W for temperatures below
300°C, most likely because of trapping at trace C impurities in the bulk, at impurities and
porosities in micro-structural defects or at beam-induced damaged sites produced by recoil C.
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(6) Desorption peaks were observed at similar temperatures (130, 300, 400 and 530°C) for these
W and W2C materials, with the relative magnitudes varying from material to material.

(7) Implantation into C-coated tungsten specimens results in retention that is orders of magnitude
greater than that in a pure tungsten surface. Annealing studies for C-coated W indicate little
inter-diffusion of C and W for temperatures less than 800°C.

Results of this work [4-6] demonstrated that retention of deuterium implanted into tungsten and
tungsten carbide samples is highly dependent on the material type and structure, anneal condition
and the presence of free carbon. Consequently, retention in W-C mixed material layers and
carbon-covered tungsten PFC components may be dominated by uptake in the carbon.
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