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}i Overview

*Introduction

* Experimental

*Results
—Qverview of B phase (fluorite) formation
—D, overpressure

*Summary
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7
}.‘ Research objectives

« Research goal: to obtain a scientific and technical basis
for understanding tritium decay in Er-tritide.
— 3He Bubble formation and growth
— Influence of Microstructure on 3He bubble retention
— Structural analysis of ErT, phase
 Lattice parameter values

* Formation of fluorite phase
* Tritium site occupancy in fluorite

Focus of this
presentation

Use D as surrogate for T
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We would like to understand the loading process
of (D,T) as Er metal converts to the fluorite lattice.

* We want to probe the Er (o) and Er(D,T), (B) phase while they form.
* We only used D, in this experiment.
— What pressure / temperature conditions generate fluorite?
D scatters well for neutron diffraction experiments.
» Loose powders are more random, providing straightforward analysis.

* We chose to analyze Er metal powder as it is loaded with D,
and simultaneously collect neutron scattering data to observe
in-situ changes in structure during the fluorite phase formation.

— Gain insight into site occupancy without hazards of tritium

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, Sandia
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In particular, we wanted to see what happens to the

;"

tetrahedral (D,.) and octrahedral (D) site occupancy
upon loading

FCC lattice of Er D occupies tetrahedral ~ Octahedral (%%, 7%, %)
(Va, Va, Va) sites sites could also contain D*

* T. J. Udovic, J.J. Rush, and I. S. Anderson, Phys. Rev. B, 50, pp.7144 (1994)

for the United States Department of Energy’s National Nuclear Security Administration National

"V R | DG’&A Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, Sandia
under contract DE-AC04-94AL85000. Laboratories



—~ 'Experimental reactor was designed for safety
e and flexibility

Reactor setup loads
into HIPD chamber
for neutron scattering

D, gas /vac
multiplexer

Vanadium heating
element and shielding

Er powder
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lllustration shows setup of reactor
on HIPD beamline at LANSCE

D, gas &
Vacuum
system

- Ay - : :(. 7. ;
NN NN

National
Laboratories

for the United States Department of Energy’s National Nuclear Security Administration
under contract DE-AC04-94AL85000.
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V
P 4 ' Experimental protocol for the reported
results collected at 450°C

Vacuum
~1x107 Torr

Heat Er powder to loading temp in vacuum

Hold at temperature and add D, gas:
Pressures: 0.1, 1.0, 10 Torr

<«— Nn° beam

Monitor structure as Er — ErD, fluorite .__,.-<~--"':jj,'f.'.'f-:'-"".'."'::::ﬁH.

140° bank

40° bank

90° bank
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In-situ monitoring of Er loading at 450°C
shows conversion to ErD, at ~1 Torr

T (220) (200) (111)  ErD, (B)
() 10 '[orr i i B
1.0 Torr g

(o +B)

L.0G

LFIER)

450°C
I
(o) 0.1 Torr
/ 1.6 1.8 2 2.2 24 26 2.8 3 3.2 )
No D; d—spacing (R)

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company,

Sandia
TN A A4 for the United States Department of Energy’s National Nuclear Security Administration National
Pt sty o under contract DE-AC04-94AL85000. Laboratories




ietveld structure refinements of observed histograms

showed good modeling of a and B phases with low residuals
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IlII"'
= 'Structure refinements yielded results concerning
- content of a vs. 3 phase during D, loading
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We observed a dramatic volume expansion for the
o phase upon D, exposure. The 3 phase shows
little change in cell volume.
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e monltored the structural changes in the
phase at 450°C with varying D, overpressures

=2 o4

500 Torr
D, gas
200 Torr m
D, gas 4500°C >
Vacuum
13 Torr ~1x104 Torr
D, gas .
450°C N J!
' 450°C Vacuum
450°C ~1x107 Torr

450°C
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" — ' We ol:aserved small changes in the 3 phase
' lattice parameter with D, overpressure
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We detected as much as 10% octahedral
sites occupy with D, overpressure

13 200 500 104 107
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# Summary

* In-situ neutron diffraction yields structural information
regarding deuterium loading for Er metal.

* The a phase shows dramatic cell expansion upon
exposure to D,.

* The B phase shows little structural change in (o + B)
two-phase region.
— suggests formation of the B phase near ErD, stoichiometry.

* D, overpressures of 200 to 500 Torr indicate 5 to 10 %
occupation of D_, sites, respectively.

* Pumping to vacuum (<104 Torr) at 450°C shows
removal of D, sites, with no reduction of D, sites, thus
forming fully D, (ErD, ;) B phase.
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