Modeling Tritium on Metal Surfaces
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Summary/conclusions
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Two techniques have been used to study tritium in metals:
» Linear thermal desorption
» Pulsed RF Tonks-Langmuir plasmas

Tritium concentrates in the water layers covering metal surfaces

Surface water layers pump tritium from the bulk

Regrowth of surface activity is
* rapid and
= Controlled by diffusion from the bulk metal




DTO is transferred from contaminated samples
to the detection system using humid carrier streams
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DP = dew point
RH = relative humidity




The liquid scintillation counter measures the activity
in the first wash bottle In real time
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The samples are exposed to DT gas and stored
in dry helium at 1 atm and room temperature (RT)
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Linear thermal desorption provides a good measure
of the total tritium absorbed in the metal
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The effectiveness of electrolytic deposition of gold
layers may not lower tritium inventories in metals
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* An increase in the total
tritium inventory at low gold
layer thicknesses implies
asymmetric permeation

* Increased inventory at higher
gold layer thicknesses implies
that the solubility of gold
exceeds stainless steel

Nickel

Copper




Radio-frequency—generated argon plasma was used
to desorb tritium from metals into a flowing gas stream
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Water was removed from the sample surface using
a series of 2-s plasma bursts
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Total removable surface activity increases
with the number of monolayers of adsorbed
water at a fixed relative humidity
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Water isotherm references
e Aluminum: H. A. Al-Abadleh and V. H. Grassian, Langmuir 19, 341 (2003).

e Copper: S. P. Sharma, J. Vac. Sci. Technol. 16, 1557 (1979).
E24697 * Stainless steel: T. Ohmi et al., Rev. Sci. Instrum. 64, 2683 (1993).




Activity removed from stainless steel, copper,
and aluminum follows the same trend for all
three metals
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The reactions among adsorbed species introduce

a nonlinear behavior with respect to humidity
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Clean metal surfaces comprise layers of oxide,
hydroxide, rigidly bound water, and mobile water
in equilibrium with water vapor above the metal
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Tritium migration to the surface is described by Fickian
diffusion through the bulk driven by a rapid equilibrium
across the surface bulk interface
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A drop in the tritium concentration in the adsorbed water
layer perturbs the equilibrium across the interface
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e Tritons are drawn from the bulk to return to equilibrium across the interface
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Tritium concentrations re-equilibrate after a plasma
exposure removes surface activity
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* Model utilizes a finite difference solution
— concentration in each “cell” determined by flux balance
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Simulated activity removed suggests the first three

exposures contain activity originated on the surface
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Diffusion model can predict quantity of tritium removed
during a series of plasma exposures
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plasma exposures Aluminum 53+5 0.85
Copper 50+5 0.56
S$S316 17+1 0.66




The solubility ratio relaxes toward the equilibrium value
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The diffusion model reproduces the previously

measured concentration profiles by others
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E24712 *R. D. Penzhorn et al., J. Nucl. Mater. 353, 66 (2006).




Bulk-metal diffusion determines the surface activity

regrowth rate
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Surface concentrations regain ~70% of the initial activity after nine days.
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Summary/conclusions
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Two techniques have been used to study tritium in metals:
» Linear thermal desorption
» Pulsed RF Tonks-Langmuir plasmas

Tritium concentrates in the water layers covering metal surfaces

Surface water layers pump tritium from the bulk

Regrowth of surface activity is
* rapid and
= Controlled by diffusion from the bulk metal






