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ABSTRACT 

We have developed a technique by which niobium specimens can be 
uniformly doped with belium. This technique uses the radioactive decay of 
tritium to produce 3 H e within the metal lattice. These specimens can be 
conveniently used in other experiments because they can be decontaminated 
with respect to tritium. Decontamination requires equilibrium of the speci
mens with a chemical tritium getter, both of which a re submerged in molten 
lithium. Costs of this multistep procedure a re believed to compare very 
favorably with implantation techniques or exposures in nuclear reactors. 

INTRODUCTION 

High energy neutrons participate in (n, a) reactions with many metals of 
interest in fission reactor technology. Almost without exception, these metals 
become embrittled as helium accumulates within them.l'^ A similar situation 
is expected to prevail for fusion reactors, where several refractory metals 
are being considered as candidate materials for the first wall and blanket 
structure. 

Previous research studies of this problem for other nuclear reactor 
programs have used specimens produced by three techniques: (1) prolonged 
exposure in a reactor to a neutron flux; (2) doping with a metal having a high 
(n, a) cross-section followed by a short exposure in a reactor, and 
(3) implantation of alpha particles from an accelerator . 

Accumulation of helium by radioactive decay of tritium has been a 
recognized phenomenon for many years . Metal tritides have been used 
routinely as targets in neutron generators in which the D-T reaction occurs.* 
It is remarkable to note that titanium can accommodate in its lattice up to 
30 at.% helium.^ That advantage might be taken of this general occurrence to 
benefit CTR materials research was first noted by Green, who dubbed in the 
"tritium trick."5 

THE TRITIUM TRICK 

This technique requires a minimum of three experimental steps: d i s 
solving tritium in the metal, letting the dissolved tritium decay to helium for 
a predetermined length of time, and extracting the remaining tritium from the 
metal. There are some obvious advantages in producing helium doped 
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specimens by this new technique rather than by those used previously. One 
need not have access to a particle accelerator or nuclear reactor, both of 
which are rather expensive machines. In all fairness, however, it must be 
admitted that equipping a laboratory to work with large amounts or tritium is 
not cheap. But, with the tritium trick, fairly large specimens weighing many 
grams or large numbers of small specimens may be charged simultaneously 
for about the same cost as a single small specimen. Other advantages are: 
the helium is uniformly dispersed rather than being localized near a surface, 
and the helium cai be produced in interesting concentrations in a matter of 
hours. 

In the case of niobium, it was found that the three steps mentioned above 
were not adequate. Niobium is notorious for showing erratic permeation 
behavior for hydrogen. This is particularly true at low temperii'jres, where 
the diffusion coefficient of hydrogen in niobium is known to be well behaved 
and unusually high. 6 Substantial evidence exists suggesting tf -•! the erratic 
permeation observed results from slow surface processes. Recently, trap
ping sites also were shown to be present on the surface. 7 

Two surface processes that impede permeation of hydrogen through 
metals are slow permeation through oxide films and slow dissociative adsorp
tion. 

Consider the case of tritium gas in contact with niobium at 500 K. 
Niobium forms quite a stable oxide and we can inquire as to the fate or the 
oxide film in the tritium environment. Equation (1) shows that the hydrogen 
will not reduce the oxide because of the very unfavorable thermodynamics of 
the system: 8 

| N b 2 0 5 + H 2 - 1 Nb + H zO AG8 n n = +H5 kJ/mol (+28.0 kcal/mole). (1) 

Instead of depending on tritium to reduce the oxide film, we use molten 
lithium. Equation (2) shows that oxygen is readily removed from niobium: 

i N b 2 0 5 + 2 Li - 1 Nb + LijO AG?O D = -169 kJ/mol (-41.S kcal/mole). <2) 

Because lithium oxide dissolves in the molten lithium, the surfaces are well 
cleaned. 

EXPERIMENTAL EQUIPMENT AND TECHNIQUES 

Before precoating with lithium, alt specimens are annealed at 1800 K 
for 1 h in a vacuum or 1 jiPa U0" 8 Torr). Precoating or lithium is done under 
vacuum conditions. Lithium and the cleaned specimen are placed in a con
tainer (Fig. 1) in an argon atmosphere glove box. The container is all stain
less steel, as is the screen that separates the top and bottom halves. The 
sealed container is removed from the glove box, evacuated, and helium teak 
checked. It is then placed in an oven at 500 K so that the lithium will melt, 
flow around, and submerge the specimens. It is held at this temperature for 
at least an hour. Then the vessel is manually inverted. The lithium flows to 
the other end of the container, leaving the coated specimens suspended from 
their hanger or (if the hanger slips) on the coarse mesh screen. With special 
hanger arrangements, several specimens can be precoated simultaneously. 
After cooling, the precoating assembly is returned to the argon glove box and 
opened. The lithium is discarded because it becomes oxygen contamintited and 
is a less effective reducing agent. 
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Next, the specimens are put into a special container (Fig. 2). While 
still in the glove box, they are sealed into the container by welding. Welding 
is used because of the tritium hazards associated with thermal cycling of 
mechanical joints. Special quality assurance procedures are followed for this 
component, After helium leak testing, this container is placed in an all-metal 
secondary container with an internal furnace and temperature monitoring 
equipment (Fig, 3). It, too, is evacuated and helium leak tested. 

The entire assembly is then connected to a special tritium gas handling 
system equipped with tritium purification equipment, Sprengle pump, abort 
tanks, various pressure transducers, vacuum capabilities, and calibrated 
volumes. After bringing the furnace temperature up to the desired loading 
temperature (say 000 K), a final helium leak check of the entire system is 
performed before adding tritium to the specimens. For the case of niobium, 
pressures around 101 kPa (760 Torr) have been found to be quite adequate. 
Reference should be made to Fig. 4, where it is shown that if hydrogen were 
used, the H/Nb ratio would be 0.41. After most of the tritium is absorbed, 
the temperature is dropped to about 600 K and (he T/Nb shifts to 0.73 while the 
T/Li ratio holds constant at close to unity. Note that the temperature is still 
maintained above the Nb-M two-phase region. If 10 at. ppm are desired in 
the niobium, only 13 ks (3.6 h) are required to form this quantity by radio
active decay at 800 K. 

The tritium is then pumped from the specimen container while main
taining the temperature constant. This usually requires 1 day. After pump
ing, most of the tritium is removed, but there is residual tritium contamina
tion in the metal of the specimen container, the lithium, and the niobium 
specimens. 

The equipment is disassembled in an argon glove box. After machining 
off the end, the inner container is slipped into a precoating vessel. Following 
evacuation, the vessel is heated and inverted in the usual manner (except that 
no screen is present) to separate the specimens from the original container, 
which is discarded. Then a two- or three-step decontamination process is 
used. 

The first one or two steps require equilibrating the contaminated helium 
cloi'ud specimens with a 30 g charge of lithium and 1 g of yttrium chips at 
SOU K. With the usual inversions in position, this treatment effectively re
moves all but a trace of tritium from the specimens. New containers are 
used at each stage, so as not to carry any contamination present in the stain
less steel. 

Following tritium decontamination, the residual lithium must be re 
moved from the niobium. We have tried dissolution in both water and excess 
mercury. Because mercury forms pyrophoric intermetallic compounds with 
lithium, this dissolution is again done under conditions of vacuum and at SCO K, 
in containers as shown in Fig. 1. When the lithium has been dissolved by 
mercury, the niobium specimens remain coated with mercury. This, in turn, 
is removed by vacuum evaporation at modest temperature, leaving the speci
mens in a state identical to their original condition, except for the presence of 
their helium dopant. 

RESULTS 

Specimens that had been decontaminated only by vacuum outgassing for 
4 d at 600 K and 1 jiPa (10~ 8 Torr) showed residual tritium contaminations of 
1.12 X 10 J disintecrations/g.s (0.03 Ci/g) and 0.48 X 10® disintegrations/g-s. 
These radioactivity ievcls were obtained by slowly dissolving the specimens 
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in aqueous HF-HNO3, following by dilution and liquid scintillation counting. 
Other portions of these same specimens, when decontaminated with liquid 
lithium and yttrium chips, showed residual activities equal to 5.7 X 10° and 
5.0 X 10 5 d:sintegrations/g>s. These latter values are low enough to allow 
convenient handling in later experiments. All these specimens were doped to 
a level of 8 wt. ppm. For these latter two specimens, the one which had the 
lithium removed by dissolving in water had 300 wt. ppm hydrogen whereas the 
one which used mercury had only a trace. 

DISCUSSION 

The results reported are from a rather slow learning process which was 
spread over a period of nearly 2 y. For this reason, the experimental pro
cedures we developed are the most significant results. Some of the things 
that we tried without notable success are mentioned so that cthsr might avoid 
these pitfalls. First, adsorption and desorption of tritium by niobium without 
lithium was extremely slow and erratic. Helium content varied by at least a 
factor of two, and decontamination to safe levels was impossible. 

We spent some effort trying to correlate residual radioactivity, as 
determined by a standard surface swipe technique, with results obtained by 
dissolution of part of the specimen. It was hoped this would provide a con
venient nondestructive test that would give a reliable measure of residual 
internal contamination. Although in a yttrium gettering step, the residual 
contamination dropped by a factor of around 1000, the surface swipes dropped 
only by a factor of 10. Perhaps an altered swipe procedure would remove 
this anomaly, but, at present, we do not feel swiping is a reliable way tc 
measure hazard potential. 

Before using the aqueous HF-HNO3 dissolution, we tried burning the 
metal in pure oxygen to NboC^ and T2O. The TgO was condensed at liquid 
nitrogen temperature and diluted with HgO before being submitted for liquid 
scintillation counting. This was less convenient than the acid dissolution 
technique and we were never certain that some T2O might not be trapped 
within the oxide powder. 

It is essential that the lithium precoating and removal be performed 
under conditions of vacuum or in an extremely high purity inert gas atmos
phere. When we tried coating the specimens with moiten lithium in our argon 
glove box atmosphere, we found a remarkably high rate of reaction between 
the molten lithium and the trace nitrogen content. This happened despite the 
fact that our glove box was pumped out and backfilled with fresh argon and that 
the argon was continuously circulated through a nitrogen removal system. 
We know the glove box system was not leaking because it was operated at a 
slightly positive pressure with respect to the room, and the water vaoor con
tent held steady at 1 ppm. Unfortunately, we were not equipped to measure 
nitrogen content. Reaction with residual nitrogen can seriously damage the 
specimens because niobium nitride is more stable than lithium nitride. 

When tritium is added to specimens submerged in or coated with lithium, 
the first product to form is lithium tritide. Below the melting point of lithium 
tritide, 958 K, a solid crust of LiT forms on the lithium and this, too, can 
impede the rate at which the specimens absorb tritium. It is important, 
therefore, to use only a fairly thin coating of lithium on the specimens. By 
using only a small amount of lithium, the lithium inventory can also be held 
to a minimum, thus reducing the tritium inventory and its associated hazards. 

Because of the very high chemical stability of yttrium tritide, one would 
expect all the tritium to be in the yttrium at the end of the decontamination 
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procedure. Yttrium was always present in substantial excess. Analysis of 
the lithium, however, showed that about 10% of the tritium remained in the 
lithium. Clearly, the system had not come to chemical equilibrium under our 
experimental conditions, but we do not know why. One can guess that either 
the yttrium was itself contaminated with oxygen or nitrogen or else the driving 
force became too low. 

finally, we can estimate the costs. Assuming that specimens are p re 
pared in batches of about 10, the cost per specimen is around $100. These 
specimens can be quite large, so that further size reduction might be appro
priate. This cost is essentially independent of the helium concentration to 
which they are doped. 
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FIGUBE CAPTIONS 

Fig. 1. Chamber for precoating niobium specimens with lithium. 

Fig. 2. Chamber for charging and uncharging coated specimens with tritium. 

Fig. 3. Secondary containment vessel required for high temperature tritium 
operations. 

Fig. 4. Pressure, temperature, and composition diagram for the niobium-
hydrogen system. 
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