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ABSTRACT 

Currently envisioned fusion reactor 
systems will contain substantial 
quantities of tritium. Strict 
control of the overall tritium 
inventory and environmental safety 
considerations require an accurate 
knowledge of the behavior of this 
isotope in the presence of Controlled 
Thermonuclear Reactor (CTR) mate
rials. A 14,000 ft^ laboratory for 
tritium research is currently under 
construction at Sandia Laboratories 
in Livermore. This laboratory will 
have a number of unique design 
features guaranteeing that virtu
ally no tritium will be released to 
the environment. Details about 
these features in particular and 
the laboratory in general will be 
provided. 

Results from studies of hydrogen 
isotope diffusion in surface-charac
terized metals will be presented. 
Details of two permeation systems 
(one for hydrogen and deuterium, the 
other for tritium) will be dis
cussed. Data will also be presented 
concerning the gettering of hydrogen 
isotopes and application to CTR 
collector designs. 

I. INTRODUCTION 

This paper will cover three areas 
of endeavor at Sandia Laboratories 
in Livermore, having relevance to 

tritium handling in fusion reactor 
systems. They are: (1) a new 
laboratory for tritium research; 
(2) permeation of hydrogen iso
topes through surface-characterized 
metals; and (3) gettering of hydro
gen isotopes. 

II. LABORATORY FOR TRITIUM RE
SEARCH 

Much information about the behavior 
of tritium in the presence of CTR 
materials can be inferred from data 
generated using the other two hy
drogen isotopes. Certain experi
ments, however, require the use of 
tritium and these studies will have 
to be carried out in facilities 
especially designed to cope with 
the hazards of handling tritium. 
The AEC has a number of facilities 
in which the standard technique 
used to protect personnel against 
tritium exposure has been to use 
once-through ventilation of the 
laboratory while carrying out ex
periments in hoods having high face 
velocities. The buildings are 
equipped with tall stacks having 
high plume velocities. Barring 
unfavorable weather conditions, 
a tritium release through one of 
these stacks is sufficiently dis
persed that by the time it reaches 
the ground, its concentration is 
below current AEC limits. AEC 
guidelines issued during the time 
the Sandia-Livermore tritium 
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facility was being planned required 
adoption of a design philosophy 
which would limit tritium releases 
to the environment to "as low a 
level as practicable." 

Figure 1 is a conceptual drawing 
of the tritium facility now under 
construction at Sandia-Livermore. 
Building construction for the 
14,000 ft^ laboratory is to be com
plete by the end of this year and 
the laboratory will become opera
tional in approximately one year. 
The laboratory will operate with a 
philosophy of total tritium contain
ment. All experiments which present 
a potential for tritium release 
will be performed in hermetically-
sealed gloveboxes. The boxes will 
be filled with air or argon depend
ing upon the experiment. These 
boxes are connected to a central 
gas purification system (for 
tritium removal) by means of a 
central corridor piping distribution 
system. Conventional high velocity 
hoods are used for experiments in 
which the chance of a tritiimi re
lease is negligible but where 
tritiiam contamination may be a 
problem. An evacuable box line 
with its own purification system 
M:ill,be used for those experiments 
requiring an inert, highly pure 
atmosphere. Note that the building 
itself still uses once-through ven
tilation and a stack. This contain
ment philosophy affords a number of 
very real advantages. To guard 
against a tritium release, high 
risk experiments presently con
ducted in hoods require specialized 
equipment made from certain mate
rials which have been inspected 
using a variety of exotic techniques 
and thereafter certified to be safe 
for tritium use. In addition to 
this, critical components have to 
be enclosed in secondary containers. 
All this costs time and money. Be
cause a tritium release in a sealed 
box is not a tritium release to the 
environment, the researcher has much 
more flexibility in the kinds of 
experiments he can do and in the 
design of his equipment. 

The sealed boxes are 4 ft x 8 ft 
x 8 ft high and have 37 glove ports. 
They will be equipped so that any 
type of experiment normally done in 
high velocity hoods can be accom
modated. All of the 17 sealed 
boxes in the building normally will 
be valved off from the gas purifi
cation system. If a glovebox at
mosphere requires decontamination, 
whether because of an accidental 
tritium release or as a result of 
a gradual buildup of activity, the 
valves connecting the box to the 
purification system are automatic
ally opened and the box atmosphere 
is circulated through the purifica
tion system and back to the box. 
This is shown schematically in 
Figure 2. The tritium is oxidized 
on a high temperature palladium 
alloy catalyst and the resulting 
tritiated water is collected on 
molecular sieves. The system will 
be computer controlled and have 
many redundancies to insure that 
it will always be in operational 
readiness in the event of a triti" 
um release in a box. It has a 
capacity of 10,000 standard cubic 
feet per hour and will be able to 
reduce the tritium concentration 
in a box by a factor of 2 every 1.1 
minutes. Tests with a prototype 
catalyst bed operating at 1000°F 
have demonstrated that it is 
possible to achieve tritium con
centrations of less than 1 part 
per billion in the effluent of 
a gas purification system of this 
type. 

A similar, but much smaller system 
is used to remove tritium from the 
gas exhausted by all of the vacuum 
pumps in the building. It uses a 
series of hold tanks to collect 
batches of effluent for processing. 
Systems similar to this are already 
in use at several installations, 
so the details will not be dis
cussed here

i n . PERMEATION PROGRAM 

Sandia has an on-going program in 
the area of permeation of hydrogen 
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FIGURE 1 - Aerostatics Laboratory SLL. 
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isotopes through surface-character
ized metals. Methods of surface 
characterization employed include 
sputter-through Auger electron spec
troscopy (AES), proton-induced X-
ray spectroscopy (PIX), scanning 
electron microscopy (SEM), and 
transmission electron microscopy 
(TEM). Infrared interferometry 
and X-ray photoelectron spectros
copy are also being developed. 

Diffusion and permeation coeffici
ents are obtained directly using 
a gas permeation technique wherein 
a constant hydrogen isotope pres
sure is applied to one side of a 
planar specimen held at constant 
temperature while the quantity 
of gas permeating through the 
sample is measured as a function 
of time. Two separate ultra-high 
vacuum systems are used for these 
studies. The one for hydrogen/ 
deuterium uses a quadrupole mass 
spectrometer to detect the permeat
ing gas while the tritium system 
uses a vibrating reed electrometer 
to measure the current resulting 
from beta decay in an ionization 
chamber. This equipment, which is 
now in operation at LLL, will be 
moved to Sandia upon completion 
of the Aerostatics Laboratory. 
Figure 3 is a schematic of the 
tritium permeation apparatus. This 
apparatus permits the measurement 
of permeation and diffusion coeffi
cients for up to six samples simul
taneously. Tritium permeation 
rates in the range of lO"''̂  cc 
(STP)/sec have been measured. Be
cause of the dozens of data channels 
to be monitored and the need for 
auto-ranging the mass spectrometer 
and vibrating reed electrometers, 
a digital mini-computer is an inte
gral part of this permeation 
laboratory. Since only minimal data 
reduction is done on the mini-com
puter, data is written onto magnetic 
tape for subsequent processing on a 
large computer. 

Permeation of tritium into the steam 
cycle of a CTR must be limited to 
extremely small quantities. Our 
studies of oxide films on austenitic 

stainless steels as possible perme
ation barriers have yielded a num
ber of interesting results.-' Iron 
oxides formed on 309S stainless 
steel by heating in ambient air at 
250 to 360°C appear to be much 
better permeation barriers than 
chromium oxides formed at 600 to 
900°C at oxygen partial pressures 
ranging from 0.1 to 10~^ torr. 
The iron oxide films were pro
gressively reduced during the 
course of the permeation measure
ments at 350 to 450°C, 100 torr D2. 
Figure 4 shows sputter-Auger data 
taken before and after permeation 
for one of these samples. The 
change in thickness (proportional 
to sputtering time) and composition 
of the oxide film is very apparent. 
Such oxides might be useful under 
conditions where oxide replenish
ment is possible (e.g., on the 
steam side of CTR heat exchangers). 
The oxides formed at high tempera
tures in low oxygen partial pres
sures exhibited activation energies 
for permeation and permeation rates 
very nearly the same as the unoxi-
dized substrates. This along with 
other evidence suggested that these 
oxide films were discontinuous, 
possibly as a result of thermal 
stresses induced in cooling. 

IV. GETTERING PROGRAM 

In conjunction with its other AEC 
programs, Sandia is developing and 
evaluating getters for the removal 
of hydrogen isotopes from rare gas 
streams. This work is directly 
applicable to the task of separat
ing unburned D and T from the '*He 
ash in a CTR divertor. Figure 5 
shows a schematic view of a divert
or employing a moving belt of getter 
material to absorb D and T ions in 
the pumping section.^ Unwanted 
helium is not retained by the 
getter and is pumped away by con
ventional pumps. An intermediate 
section allows differential pumping 
and separates the pumping elements 
from those elements that are being 
regenerated. The D,T from this 
third stage can be returned to the 
CTR injector system for reuse. 
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FIGURE 3 - Schematic diagram of T2 permeation apparatus. 
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Exhaust gases from the conventional 
pumps can be processed in the usual 
manner or can be passed through a 
bed of getter material to remove 
any entrained D and T. 

Getter systems evaluated and under
going evaluation by Sandia include 
barium, erbium, a Zr/Al alloy (ST 
lol manufactured by SAES Getter, 
Inc.), Y993 (a Union Carbide Cor
poration mixture of MnOa/palladium 
black of proprietary formulation), 
DPPE (a Sandia developed organic/ 
palladium system), and palladium 
dispersed on molecular sieve.̂ ''*'̂  
The last system requires the pre
sence of gaseous oxygen and thus is 
not applicable to rare gas streams. 
Getter characteristics of interest 
to Sandia include the total hydro
gen isotope capacity, the effect 
of impurities on getter capacity, 
the hydrogen isotope removal kinet
ics for closed systems, and the 
effect of mixed gas flow rate on 
gettering effiency in once-
through systems. The reason for 
this latter interest in that test

ing withm the AEC complex has shown 
that equilibrium hydrogen isotope 
concentrations are not always 
achieved for the gas exiting a 
getter bed under dynamic conditions. 
Such an observation could have 
significant implications for 
pump exhaust gases treated by 
getter beds. 

The total capacity of a given 
getter is measured by PVT tech
niques in a stainless steel system. 
Generally this is done with H2 and 
D2 rather than T2 although long-
term compatibility tests between 
the getters and tritium are under
way. Table 1 shows typical capa
cities for the getters mentioned 
above. 

Dynamic experiments are conducted 
by passing a known gas mixture 
through a fixed length cyclindrical 
bed that is packed with getter 
material. This arrangement pro
duces good contact between the gas 
(D2 in Ar or He) and the surface 
of each particle, and the use of a 

Table 1 

GETTER CAPACITY 

Getter System Capacity cc H2(STP)/gm 

163 

201 

104^ 

65 - 210*̂  

12.2 

Large'^ 

Ba 

Er 

Zr/Al 

DPPE 

Y993 

Pd/Mol Sieve 

^>1 kPa overpressure at this loading level. 

'̂  Capacity depends on coating density of substrate. 

^ Depends on amount of O2 present and amount of pre-
saturation of sieve by H2O. 
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siî ĝle pass of the mixture over 
the powder assures that the gas 
reaching the bed has a constant 
composition during the course of 
any run. The effluent from the 
bed is monitored at regular inter
vals by a single colximn, thermis
tor detector gas chromatograph 
having an H2/D2 sensitivity of 0.5 
ppm. A digital integrator on 
the chromatograph computes peak 
areas to obtain a quantitative 
measure of the hydrogen isotope 
level in the column effluent. 
Figure 6 shows the typical experi
mental setup. 

Poisons affect both getter capacity 
and hydrogen absorption kinetics. 
For instance, the exposure of 
powdered Ba to a static argon 
environment containing 0.3% oxygen 
for an hour can reduce the getter 
capacity for D2 by as much as 35% 
due to the formation of an oxide 
layer. Similarly, the exposure of 
the activated Zr/Al alloy to air 
inhibits its use as a hydrogen 
absorber. Hydrocarbons, CO, CO2, 
NO, NH3, and other gases are also 
known to affect getter performance. 
To study how these gases interact 
with the getter to reduce its capa
city and change its kinetics, the 
system shown in Figure 7 has been 
built. This system allows one to 
study the gas-solid interaction on 
a molecular level by investigating 
the chemical oxidation state of 
the elements undergoing reaction. 
By choosing the photon energy 
correctly, both the adsorbed 
layer and the solid can be studied. 

To date, most gettering experiments, 
except tritium compatibility, have 

been done with H2 and D2. In order 
to improve our sensitivity to 0.5 
ppb and to study compatibility 
directly, a tritium system has been 
built to do kinetic studies. It 
is similar to that shown in Figure 
6 except that it is a closed circu
lating system and the detector unit 
is a 1 liter ionization chamber 
rather than a gas chromatograph. 
Testing of the system is currently 
underway and it should be operational 
in the near future. 

Inert gases can also alter the be
havior of getter kinetics. Blanket
ing effects can change both absorp
tion and desorption rates as shown 
in Figure 8 for the case of TiH2 
decomposing in a vacuum and in 
flowing helium.^ This is one of 
the factors one must take into 
account in designing inert gas 
purigication and/or trace loading 
systems. 

A final word should be added about 
the effect to cyclic hydriding and 
dehydriding on the structural 
intergrity of getters. In a CTR 
application such as that shown 
in Figure 5, the getter is sub
jected to cyclic stresses that can 
cause it to crack and is also 
subjected to a gradually increas
ing ^He content due to ion bom
bardment. The latter difficulty 
is known to cause thickness in
creases' and eventual spallation 
(see Figure 9) in mahy materials 
whereas the former, due to volume 
expansion upon hydriding, may 
cause cracking as shown in Figure 
10. Such mechanical effects may 
severely limit the life-time of 
proposed getter materials and 
should be thoroughly understood 
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