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ABSTRACT 

The equilibrium pressures of hy
drogen isotopes in the Li-LiH-Ha, 
Li-LiD-Da and Li-LiT-Ta systems 
are being measured. The solu
bility of hydrogen in lithium 
has been studied and the data 
are in reasonable agreement with 
the literature values. The 
Li-LiD-Da system is now being 
studied. The first experimental 
measurements of the equilibrium 
pressures of tritium between 700 
and 1000°C as a function of the 
LiT concentration in the 
Li-LiT-Ta system have also been 
completed. The data comply with 
the Sieverts' relationship 

p̂ /2 = K N 

Ta(g) sLiT(d)' 
The preliminary experimentally 
determined Sieverts' constants, 
Ks, are 57, 89, 130, and 190 at 
700, 800, 900, and 1000°C> re
spectively. Both the magnitude 
and the temperature dependence are 
are in reasonable agreement with 
predictions from our hydrogen and 
deuterium data. The vapor phase 
species in equilibrium with the 
Li-LiH liquid phase are also be
ing studied. 

The permeation of tritivun through 
clean metals and through metals 
under simulated steam generator 
conditions is being investigated. 

•Research sponsored by the U. S. Atomic Energy Commission, under contract 
with the Union Carbide Corporation. 
tFormerly Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

Measurements of tritium permea
tion through clean nickel at tem
peratures between 636 and 910°K 
have been made using a mixed iso
tope technique. The tritium 
permeability, DK'j , as a function 
of temperature was determined to 
be In DK's [cc (NTP) "mm-min"* • 
torr-''2.cm-2] = -0.906 - 6360/T 
(°K). The measured permeation 
activation energy was 12.6 ± 0.4 
kcal/mole. 

INTRODUCTION 

In current conceptual designs for 
deuterium-tritium fusion reactors, 
the plasma is confined within a 
refractory metal vessel that is 
surrounded by a lithium-bearing 
blanket maintained at 600 to 1000°C 
Lithium metal is currently the 
leading candidate for the blanket 
material, although molten LiaBeFi,, 
solid LiAl, and other lithium-con
taining materials are distinct 
possibilities. Some of the lith
ium in the blanket is transmuted 
by neutrons emanating from the 
fusion reaction, yielding tritium 
that must be recovered and recycled 
to replace tritium consumed in the 
fusion reaction. Knowledge of the 
thermodynamics of the Li-LiT-Ta 
system at low LiT concentrations 
(and correspondingly low Ta pres
sures) is necessary for reasonable 
evaluations of efficient separation 
and recycle processes. Therefore, 
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the equilibrium pressures of 
hydrogen isotopes in the 
Li-LiH-H2, Li-LiD-Da and 
Li-LiT-Ta systems are being 
measured. The vapor phase species 
in equilibrium with the Li-LiH 
liquid phases are being studied, 
and studies of alternate blanket 
materials are beginning. 

recognized that a 
face of the steam 
fusion reactor sy 
coated with an ox 
sequently, we are 
the permeation of 
topes, including 
both clean metals 
coated with oxide 

t least one sur-
generator in a 
stem will be 
ide film. Con-
investigating 
hydrogen iso-
tritium, through 
and metals 
films. 

Hydrogen permeation through metals 
with driving pressures greater 
than 1 torr is reasonably well 
documented. However, in most 
studies reported in the literature, 
the pressure dependence of hydro
gen permeation through clean metals 
appeared to depart from the theo
retically expected half-power re
lationship at low pressures. Ex
trapolation of the reported data 
to the very low pressures (about 
10~^ torr) of interest in the pro
cessing of CTR blanket-coolants^ 
obviously is quite risky. In 
addition, little data exist for 
tritium permeation at these low 
driving pressures. It is also 

EQUILIBRIUM IN THE HYDROGEN ISOTOPE-
LITHIUM SYSTEM 

The equilibrium pressures of the 
hydrogen isotopes in the Li-LiH-Ha, 
Li-LiD-Da, and Li-LiT-Ta systems are 
being measured using the modified 
Sieverts' apparatus shown in Figure 
1. Samples of lithium are sealed 
in metal capsules which have high 
permeation coefficients for the 
hydrogen isotopes, and the equilib
rium hydrogen isotope pressure is 
established inside and outside the 
capsule. Then the equilibrium 
pressure is read externally rela
tive to the capsule. The 
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FIGURE 1 - Sieverts' type absorption apparatus. 
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experimental data are considered 
in terms of the equilibrium 

^^d) + 1/2 H2(g) = LiH(^j (1) 

where (g) and (d) indicate the 
gas and the liquid Li-LiH phases, 
respectively. We have recently 
determined the equilibrium hydro
gen, deuterium and tritium 

pressures as a function of NLIH t 
NLID » and NLIJ (mole fractions) 
at several temperatures between 
700 and 1000°C. The preliminary 
results for tritium are shown in 
Figures 2 and 3. For each tempera
ture the tritium data could be 
represented by the Sieverts' rela
tionship, ̂  
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FIGURE 3 - Temperature dependence of Sieverts' constant for tritium solu 
bility in 1ithium. 

pl/2 

Ta(g) ~ ^s ^LiT(d) 
(2) 

in which Ks is the Sieverts' con
stant. The experimentally deter
mined Sieverts' constants. Kg, 
are 57, 89, 130, and 190 at 700, 
800, 900 and 1000°C, respectively. 
Both the magnitude and the tem
perature dependence are in reason
able agreement with predictions 
from our hydrogen and deuterium 
data.^ Future studies will ex
tend the data to projected CTR 
operating conditions, i.e., tri
tium pressures lower than 10~^ 
torr. 

The Sieverts' apparatus gives in
formation only on one vapor 
species, the molecular hydrogen 
isotope, in equilibrium with 
liquid lithium-lithium hydride 
solutions. Consequently, a 
Bendix time-of-flight mass spec
trometer is being used to study 

the species in the vapor above 
the Li-LiH melt over the tempera
ture range of 450-750°C. Pre
liminary results for one Li-LiH 
sample are shown in Figure 4. 
Unambiguous ion peaks for the 
condensable species Li and LiH 
were easily obtained by using 
the molecular beam baffle. 
The Ha species could not be 
detected because of residual 
Ha in the instrumentation. 

The equilibrium constants for the 
reaction Li(g) + 1/2 H2(g) = LiH(g) 
and the corresponding reactions 
involving deuterium and tritium 
have been calculated using the 
thermal functions for Ha, Da, Ta, 
LiH, LiD and LiT given by Haar, 
Friedman, and Beckett."* The cal
culated equilibrium constants are 
given in Table 1. The average en
thalpy changes are -5.2, -4.6, and 
-4.3 kcal/mole for the reactions 
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FIGURE 4 - Partial pressure of Li and LiH over a Li-LiH liquid solution. 

Table 1 

CALCULATED EQUILIBRIUM CONSTANTS FOR 
THE Li(g)+ 1/2 H2(g) = LiH(g) EQUILIBRIA 

Temperature 
Equilibrium Constant (Kp) for the 

Equilibri\im Involving 
(°C) 

527 

627 

727 

827 

927 

1027 

800 

900 

1000 

1100 

1200 

1300 

Ha 

0.314 atm"^ 

0.219 

0.164 

0.129 

0.106 

0.0897 

Da 

0.238 atm"^ 

0.173 

0.133 

0.108 

0.0907 

0.0782 

Ta 

0.213 atm"^ 

0.157 

0.123 

0.101 

0.0856 

0.0744 
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involving hydrogen, deuterium 
and tritium, respectively, for 
the indicated temperature range. 

The projected partial pressure of 
Ta in controlled thermonuclear re
actors is between 10 -9 and 10 -1 1 

atmospheres. Combining these 
values with the vapor pressures 
of lithium and the equilibriiam 
constants given in Table 1, we 
have calculated the concentrations 
of LiT expected at CTR operating 
conditions (Table 2). These data 
indicate that the concentration of 
LiT in the vapor phase may exceed 
the Ta concentration. These cal
culations demonstrate the possible 
complexity of the vapor composi
tion for the Li-LiT-Ta system and 
illustrate the importance of con
tinuing our mass-spectrometric 
measurement of the various vapor 
studies. 

TRITIUM PERMEATION 

The preferred steady-state method^ 
for determining tritium permeation 

rates through metals would require 
quantities of tritium too large 
for easy laboratory experimenta
tion. We have developed a mixed 
isotope technique for determining 
tritium permeation rates that re
quire only 5-10 Ci of HT.^ Five 
curies of Ta are mixed with A r — 
4% Ha. The gas equilibrium favors 
formation of HT under these condi
tions. This gas mixture with ~1 
ppm HT serves as the tritium source 
in the permeation experiments. The 
tritium permeates the metal sample 
into a flowing stream of A r — 4 % Ha. 

The permeation of hydrogen isotopes 
through metals may be described by 
Fick's law of diffusion where the 
diffusion rate of flux, J, is 

-J = D 
dC 
dX' 

(3) 

where D is the diffusivity or dif
fusion constant, C is the concen
tration of tritium in the metal. 
The concentration may be assumed 
to be linearly dependent on the 
diffusion path length, X, and 
dC/dX may be written as AC/X. 

Table 2 

CALCULATED EQUILIBRIUM CONCENTRATIONS OF THE VAPOR SPECIES 
Li, Ta AND LiT IN A CONTROLLED THERMONUCLEAR REACTOR. The 

DATA ARE SHOWN FOR TWO PROJECTED Ta PRESSURES. 

Temperature 
(°C) 

527 

1027 

527 

1027 

(°K) 

800 

1300 

800 

1300 

Ta 
(atm) 

10-^1 

10-^1 

10-^ 

10-^ 

9 

6 

9 

6. 

" L i 
(atm) 

5 x 10"^ 

9 X 1 0 - ^ 

5 X 10"^ 

9 X 10"^ 

LiT 
(atm) 

6.4 X 10"^^ 

1.6 X 10-^ 

6.4 X 10"^ ̂  

1.6 X 10-^ 
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The pressure dependent concen
tration of tritium is defined by 
the Sieverts' relationship. Equa
tion (2), rewritten as 

C = K' ,1/2 (4) 

The product, DKj, is defined as 
the permeability and Equations 
(3) and (4) combine to give 

J = 
DKc' i_rpi''2_ pi/2i (5) 

where the subscripts h and Z 
represent the higher and the lower 
tritium pressures, respectively, 
at the limits of X. 

If we assume that the Ha and Ta 
are isotopically equilibrated. 
the Ta pressure. 
pressed as 

pi/2 _ HT , 

^̂  ^HV\ 

^T.' 
can be ex-

(6 

where Kp is the equilibrium con
stant, and Kp is only slightly 
temperature dependent above 400°K.^ 
Substitution of the tritium pres
sures from Equation (6) into Equa
tion (5) gives 

(7) 
p 
HT 

pi/i 
h 

"p 
HT 

L^Ha J 

Equation (7) permits the calcula
tion of tritium permeability, DKs, 
from known, values of X and ob
served quantities of J, P„ and P 

H: HT* 

A diagram of the experimental 
apparatus for testing Equation (7) 
is shown in Figure 5. Nickel is a 
good standard for permeation 
measurements because nickel does 
not form an oxide in moist atmos
pheres until the oxidation poten
tial, Pĵ  Q /^Ha ' is greater than 
100,^ and because the permeabilities 
of protium and deuterium through 
nickel are well established. There
fore, the mixed isotope technique 
and the apparatus were tested by 

S A M P L E R 
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TRITIUM 
In A-Hg 
SUPPLY 

FIGURE 5 - Tritium permeation system. 
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determining tritium permeation 
through nickel. In one test, 
mixtures of Ta-He and Ar--3.5% H2 
were blended in several propor
tions to provide a variety of H2 
and T2(HT) pressures. The tritium 
permeated through the nickel tube 
into a flowing A r — 3 . 5 7 % H2 mix
ture. The tritium (essentially 
all present as HT under experi
mental conditions) was analyzed 
with a tritium monitor. The HT 
on the upstream side of the 
sample was determined by bypass
ing the sample to the monitor. 
Then the HT pressures were cal
culated from the observed flow 
rates and the quantitative tri
tium analyses. The tritium flux 
through the nickel, J, was also 
calculated from the analysis of 
the tritium in the downstream 
gas. Table 3 gives eight values 
for tritium permeability through 
nickel at 836°K for various HT 
driving pressures. The average 
value of 1.76 x IQ-"* 
[cc (NPT) -mm-min"^ "cm"^ • torr" ̂^̂  ] 
agrees well with a predicted value 
of 1.5 X 10"** based on reported 
diffusivities and solubilities of 
hydrogen isotopes in nickel.®'^ 

The temperature dependence of tri
tium permeation through nickel was 
measured over the 636-910°K range. 
A plot of log permeation rate vs 

is shown in Figure 6 for 2 3 
data points, 
equation 

The data fit the 

Jin DK^ 
cc(NTP)'mm 

mm-cm torr 1/2 

-0.906 - 6.36 

activ. 
tium permeation through 
12.6 ± 0.4 kcal mole"''. 

and the heat of activation for tri-
nickel is 

The values for the permeabilities 
and for the heat of activation for 
the permeation of tritium through 
nickel as determined by the mixed 
isotope technique agree well with 
predicted values based on hydro
gen and deuterium permeability 
data, We have concluded that 
these techniques can be used to 
measure tritium permeability 
through metals with a precision 
and accuracy of ±11 and ±40%, re
spectively. We are now using 
these techniques to determine tri
tium permeabilities through con
struction metals for steam genera
tors with varying steam atmospheres 
on the downstream side of the metal 
to provide an oxide film on this 
side and are improving the accur
acy by experimental modification 
of the apparatus. 

Table 3 

THE PERMEATION OF TRITIUM THROUGH NICKEL 
AT 563°C USING A MIXED ISOTOPE TECHNIQUE 

E 

Upstrea 

1.34 
2.01 
2.40 
2.94 
3.58 
2.84 
0.3 
0.2 

1/2 

H2 
im 

(torr ) 

Downstream 

5.21 
5.21 
5.21 
5.21 
5.21 
5.21 
5.21 
5.21 

HT 
Upstream 
(torr) 

1.56 
3.47 
4.96 
7.45 
1.10 
1.13 
1.24 
5.44 

x 10"^ 
X 10-^ 
X 10-^ 
X 10-^ 
X 10"2 
X 10-^ 
X lO"** 
X 10"^ 

average = 

Permeability* 
cc (NPT)'mm 

min • cm'' • torr '•'^ 

(1.91 ± 0.1) X 10""* 
(1.12 ± 0.05) X 10"** 
(1.94 ± 0.03) X lO"** 
(1.70 ± 0.002)x 10"^ 
(2.24 ± 0.08) x 10"" 
(1.84 ± 0.10) X 10-"* 
1.98 X 10""* 
1.39 X 10"" 

= (1.76 ± 0.3 X lO"") 

"Uncertainty calculated for 95% confidence level, 
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FIGURE 6 - Tritium permeability, DKj, through nickel 
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