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ABSTRACT 
The removal of hydrogen isotopes from flowing gas streams is an impor

tant aspect of CTR technology for both decontamination and tritiun recovery 
from plasma exhausts. Several getters have been evaluated for their tritium 
scrubbing potential at the parts per billion level. Measurements of total 
capacity and dynamic response have been made for barium, erbium, palladium 
dispersed on molecular sieve, General Electric H-36 (zirconium alloy), Union 
Carbide Y-993 (P0M1O2), Societa Apparecchi Electtrici e Scientifici Getters 
ST101 (Zr-At), ST171, and ST181, and a Sandia developed organic material, 
dimerized phenyl propargyl ether (DPPE). Preliminary flow studies were con
ducted by passing mixtures of either hydrogen or deuterium diluted with argon 
through packed beds containing the getter and periodically sampling the 
effluent with a gas chromatograph sensitive to 500 ppb H2. The results of 
this work, similar flow experiments using tritium and total capacity measure
ments are presented in tlie text. 

IE 
Reference to a company or a product name does not imply approval or recom
mendation "f the product by Sandia Laboratories or the United States Energy 
Research and Development Administration to the exclusion of others that may 
be suitable. 
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TRITIUM REM3VAL: A PRELIMINARY EVALUATION OF SEVERAL GETTERS 

INTRODUCTION 

Due to the small percentage of fuel actually consumed in the D-T 
reaction, a commercial CTft plant will have to handle substantial quan
tities of both deuterium and tritium. For instance, assuming a 4% 
bum-up, the conceptual design for the 5000 MV (thermal) Tokamak reactor 
proposed by the University of Wisconsin requires a throughput of roughly 
5.6 moles, or 81 liters (STP), of D-T per minute. Recovery and recycling 
of the unbumed tritium are essential to both the economy and ecological 
safety of such a commercial fusion reactor. 

The large throughput mentioned above implies that pumping speeds in 
excess of 10 liters/second will be needed to maintain pressures below 
10 J Pa in the reaction vessel. If conventional diffusion pumps or turbo-
molecular pumps are used to provide part of this pumping capacity, their 
exhausts will require extensive treatment before release to the environ-
inent. Current ERDA regulations" allow in-plant operating levels of 5 u 
Ci/m3 of KTO and 2000 u Ci/m of KT compared to 0.2 u Ci/m3 of HTO and 
40 u Ci/m" of Iff in the uncontrolled environment. 

The purpose of this report is to provide preliminary data on the 
ability of different gettars to remove hydrogen isotopes from flowing gas 
streams, such as might be encountered in reprocessing CTR plasma exhausts. 
Despite the fact that many of these getters are commercial products, little 
information is available on their performance at room temperature. Con
sequently, all experiments vere conducted at this temperature, even though 
certain getters are designed to operate at elevated temperatures. 
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EXPERIMENTAL 

TWo types of tests were used to characterize the getters. Static gas 
experiments were conducted to determine the hydrogen capacity of the getters 
and dynamic experiments were conducted to determine the effects of flow rate 
on gettering efficiency and to evaluate bed capacity at fixed flow rates. 
For the capacity measurements, a weighed sample of getter material was placed 
in an evacuable vessel and then attached to a vacuum system containing a 
measured pressure and volume of purified hydrogen or tritium. The hydrogen 
isotope was admitted to the evacuated getter and the total pressure recorded 
as a function of time until equilibrium was attained. From the known initial 
and final pressures and volumes, the amount of gettered hydrogen could be 
calculated. 

In the dynamic experiments, a deuterium or hydrogen/helium/argon gas 
mixture of known composition was passed through a packed cylindrical bed of 
getter material. The effluent from the bed was monitored at regular inter
vals by a gas chromatograph. This instrument is a single column, thermistor 
detector chromatograph capable of detecting 5 parts in 10 of hydrogen as 
shown in Fig. 1. A Hewlett-Packard Model 3370B Integrator was used in some 
of the experiments to measure peak areas in order to obtain a quantitative 
measure of the hydrogen concentration in the effluent. To prevent gas from 
back streaming into the getter bed and to obtain a time integrated flow rate, 
the exiting gas was passed through a wet test meter. Instantaneous flow 
rates could be measured with a bubble type flow meter. Since the driving 
pressure of the gas was limited to two atmospheres by the glass flow meters 
in the system, the flow rate through the bed was strongly affected by the 
bed packing density and was found to be restricted to the range 0.01-5.0 
cm (STP)/sec. Figure 2 shows the typical experimental set up. 

Flow experiments with tritium were conducted in a slightly different 
manner. As shown in Fig. 3, pure tritium (97£ T,, 3% D-) was forced through 
a calibrated leak under a pressure gradient and allowed to diffuse through 
the getter bed into a cylindrically symmetric ionization chamber employing 
an electrode assembly previously described in the literature. A photograph 
of the actual experimental apparatus is shown in Fig. 4. 
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Figure 1. Typical ch?x>matogram of a 2 cm /(STP) air 
sample obtained with the apparatus shown 
in Figure 2. 
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Figure 2. Flow diagram of getter bed and helium-hydrogen 
gas chromatograph. 
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Figure 3. Schematic representation of apparatus for tr i t ium flow 
experiments. 



Figure 4. Photograph of actual hardware for tritium flow experiments. 



For the measurements described in the following sections, the ioniza
tion chamber was operand in the electron collection mode with a polarizing 
voltage of 90 volts. A determination of the current-voltage characteristics 
of the detector showed this voltage to be within the necessary plateau 
region. The measured sensitivity of the chamber was 0.9 pA/p Ci with a 
lower detection limit of slightly less than 1 u Ci/m . All currents were 
measured using a Cary 401 Vibrating Reed Electrometer. Since the detector 
is essentially dead-ended due to the small holes in the ceramic end spacer, 
the measured ion current corresponds roughly to the time integral of the 
amount of tritium escaping from the getter bed. 

MATERIALS 

In total, nine jretters were evaluated during the course of this work. 
Y-993 is a hydrogen absorber available- in research quantities from the 
Union Carbide Corporation and consists of a proprietary formulation based 
on manganese dioxide and palladium black. The palladium/molecular sieve 
system (SK-100) for catalytically converting hydrogen-oxygen mixtures to 
water that is then strongly absorbed in the matrix of the molecular sieve 
was obtained from the Linde Division of Union Carbide. It was originally 
prepared for pentane-hexane catalytic isomerization studies and contained 
0.5 weight percent palladium. Activation consisted of heating the product 
at 800K in the presence of 10 cm (STP) of hydrogen/gram of getter for a 
period of 4-6 hours. DPPE is an organic material, l,6-diphenoxy-2,4 
hexadiyne fdirnerized phenyl propargyl ether] developed by Sandia Labora
tories ' to getter hydrogen. The organic material is supported on a 
calciu7„ carbonate substrate containing 5° palladium to act as a catalyst 
for the hydrogenution of acetylenic linkages in the molecule. Various con
centrations up to 7S% by weight of DPPE were tested. Erbium was evaluated 
as a getter because it has previously been used by Sandia Laboratories as 
a hydrogen occluder in neutron tubes. Metal powder ..-as purchased from the 
Research Chemicals Division of Nuclear Corporation of America and sieved 
to obtain erbium particles <300 um in size for testing purposes. Prior to 
use it was activated by heating to 673K for 30 minutes in vacuum. 
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The bariun powder getter used in this fctwi is ocsnercially available 
from the Lindr Bivisioai of Uiion Carbide Corporation in both powder and 
tablet form. It is grey-black in appearance and consists of subsicron 
sized particles of pure bariin nctal with an uipackcd density of 0.25 
g/cn . It reacts spontaneously with active gases at roon temperature 
and has a design capacity for hydrogen of 145 cm (STP) per gram of getter 
compared to the theoretical value of 163 cm (STP)/g for barium hydride 
(BaH 2). ST101, ST171, and ST181 are registered trade names for getters 
produced uy S.A.E.S., S.p.A., Milan, Italy. Sables of these products 
in pellet form were obtained through S.A.E.S. Jetters/USA for test pur
poses. Prior to use, the pellets were activated by heating for 10 minutes 
at 1073K. A sample of ST101 powder provided by S.A.E.S. was used in the 
flow experiments. The development and use of ST101 at elevated temperatures 

fi-R has been described previously in the literature. H-36 is a proprietary 
zirconium base alloy developed by the General Electric Company. The powder 
used in this work was screened to 75-150 um in size and then activated for 
1 hour at 823K before exposure to hydrogen. 

RESULTS AND DISCUSSION 

Capacity Measurements with Hydrogen 

Table 1 presents a list of the getters examined in this work and their 
capacity to absorb hydrogen at room temperature. Y-993 was found to be slow 
in reacting with hydrogen in a static system, i.e. with no flow through the 
getter. The kinetics were roughly linear though with an uptake of 3.7 x 
10 moles/sec/g following an initial induction period with a slightly 
slower rate. For proper functioning, this getter must contain approximately 
15% water. In the case of the Pd/molecular sieve system, the total capacity 
of the getter at equilibrium was never achieved. In all cases the reaction 
ceased except for a small amount of physi-sorption of the gases, when the 
oxygen supply was exhausted. By evacuating the residual gases over the 
molecular sieve and then heating the sieve container, the water formed by 
the reaction could be condensed into a cold finger for measurement. If the 
molecular sieve and cold finger were both brought to room temperature and the 

18 



TABLE 1. imS»DGEN CAPACITY OF VARIOUS GETTERS 

GetUr C a p a c i t y cc (STP) H 2 / gm Tine to Equilibriun 

Y-993 > 5 0 a >2120 
Pd/Molecular Sieve _b 20-300 hrs c 

DPPE*3 210 •̂ 10 hrs 
Er 201 <15 sec 
Ba 85- 13S <15 sec 

ST101 97 •v-10 hrs 
ST171 192 <3 min 
ST1S1 159 M hrs 

H-36 0.3 16 hrs e 

^) equilibrium not achieved 
b) not measured 
c) depends strongly on amount of oxygen present and exact experi

mental conditions 
d) 751 DPPE by weight on CaCOj - 51 Pd 
e) duration of experiment, actual equilibration time unknown 

valve between them opened, the residual pressure in the system went to zero, 
indicating the reabsorption of the water by the molecular sieve. 

DPPE is attractive as a hydrogen getter because it can be handled in 
air, needs no activation, and lias an extremely low equilibrium overpressure 
for hydrogen. Initial experiments with 251 DPPE coated on CaCO, - 51 Pd 
showed that it absorbed hydrogen well, but that it had a pressure dependent 
induction period. Figure 5 shows a plot of the observed pressure-time 
dependence in the range 25-83 kPa (250-625 torr). Since for some applica
tions this induction period is undesirable, ways were sought to reduce it. 
Figure 6 presents the effect of pre-exposing the getter to a small quantity 
of hydrogen before conducting the capacity test. Since the time of these 
experiments, improvements in the preparation of DPPE have resulted in sig
nificantly lower induction periods which can effectively be eliminated 
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Figure S. Pressure dependence of the induction period's duration 
for 25$ by weight DPPE supported on CaCo 3 - SI Pd. 
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Figure 6. Effect of pre-exposing DPPE to hydrogen on the length of 
induction period and capacity. Solid line - virgin material; 
dashed line - hydrogen tested. 



by the hydrogen pre-exposure technique. For the heavily coated supports, 
however, the hydrogen renoval kinetics are nuch slower than with the lighter 
coatings (hours vs. Minutes). 

In the cases of Er and Ba, the reaction with hydrogen is sufficiently 
exothermic to cause the powders to glow cherry Ted. The Ba actually is 
observed to sinter into a solid mass as the result of exposure to pure 
H„ at pressures greater than ISO Pa. Miile the Er samples absorbed the 
theoretical amount of hydrogen expected for the formation of the stoichio
metric hydride, the Ba samples did not. Capacities between 85 and 135 
cc(STP) HVg were observed depending on the amount of exposure the Ba 
powder had to active gases during sample preparation. ST171 behaved in 
a manner similar to Ba and Er with regard to reaction kinetics and exo-
thermicity. When exposed to 50 kPa of H 2, the pellet began to glow after 
a few moments and the reaction was completed in less than 3 minutes. While 
ST181 showed an immediate reaction on exposure to hydrogen, it reacted at 
a rate much slower than the 171 alloy. More than 4 hours were needed to 
saturate the test pellet. The ST101 pellets absorbed hydrogen at an 
even slower rate than the other two S.A.E.S. getters and required roughly 
10 hours to reach saturation. Both the ST171 and ST181 pellets cracked 
as the result of stress during hydriding but retained their massive form. 
The pellets of ST101, on the other hand, completely disintegrated into 
a pile of small grains as the result of the reaction with hydrogen. Room 
temperature gettering tests with H-36 were conducted in both activated 
and unactivated conditions. The H, capacity was found to be very small 
in both cases. 

Another type of capacity experiment is also underway. In this test 
the getters are contained in small evacuated capsules attached to a hydrogen 
manifold by palladium alloy leaks having a leak rate of roughly 6.6 x 10 
cm (STP) H,/sec. Since this test was begun, 2800 hours have elapsed and 
all getters are performing as expected. 

Capacity Measurements with Tritium 

Both Ba and DPPE were exposed to tritium to determine the extent of any 
isotopic differences. Duplicate experiments with H, and T, for Ba revealed 
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no quantitative differences in either the gettering rates or the saturation 
capacity (ySl cc(STP) H 2/G) at exposure tines <60 minutes. The tritiated 
samples, however, were filled to 53 kPa with an overpressure of T, and 
examined 6 months later. At that tine it was found that the gas phase 
pressure had decreased substantially, thus indicating that the Ba con
tinued to react with the T 2, although at a much slower rate than when first 
exposed. The total anoint of T, consumed was about 754 of the theoretical 
amount necessary to form BaT,. 

In the case of DPPE, vast differences in the reaction rate were observed 
in the behavior of the getter with H, and T,. Figure 7 shows the H» absorp
tion data starting 70 minutes into the run subsequent to refilling the refer
ence volume with hydrogen. After 600 minutes the reaction was essentially 
complete whereas with T 2, as indicated in Fig. 8, the reaction was only 464 
complete. The reaction rate with T 2 after 600 minutes became approximately 
linear and equal to 9 x 10 moles/sec/g. After 4 x 10 minutes, however, 
the reaction had only reached 874 of the measured hydrogen capacity. Pos
sible explanations for this behavior include radiation damage to the organic 
by the tritium and blanketing of the solid by the in the tritium (y20% 
by volume). An analysis of the gases over the tritiated DPPE after 6 months 
exposure to tritium showed the presence of more methane and carbon dioxide 
than in the control sample. These gases probably originate from the radi-
olytic decomposition of the DPPE and the CaCO, support. As with the Ba, 
the DPPE continued to getter the gas phase T, contained in the storage 
vessel after it was sealed. 

Flow Experiments with Hydrogen and Deuterium 

As described previously, a gas chromatograph was employed to assay 
the gas eluting from a packed cylindrical bed of getter material. In 
these experiments H 2 or D 2 was mixed with the argon carrier gas in known 
amounts with Tte added as a tracer because its retention time is compar
able to that of the hydrogen isotopes. Beds of several different sizes 
were employed during the course of the work, "or Y-993, gas mixtures 
containing 48 ppm, 500 ppm, and 1550 ppm H, were used at flow rates 

3 between 0 "! and S cm /sec. No hydrogen was observed in the effluent of 
an 18 mm diameter by 30 cm long bed until the flow rate exceeded 3.6 
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cm /sec with the 1SS0 ppo l^/Ar mixture. A second type of experiment was 
done to exanine the long tern behavior of the getter at a fixed flow Tate. 
The 500 ppm H 7/Ar mixture was continually metered into the gettc- bed at 
a rate of 1 cm /sec for a total of 443 hours befoie any hydrogen was 
detected in the effluent. At that point, the getter had reacted with a 
total of 12.2 cm(SIP) H2/gram of material. 

Flow experiments were conducted in a similar manner for DPPE, Er, Ba, 
and ST101. Both Ba and Er behave qualitatively similar to Y-993 in that 
no hydrogen was observed in the gas eluted from the getter bed until the 
bed reached >254 of the hydrogen saturation level observed in the capacity 
measurements. The difference in the values observed in the two types of 
experiments can probably be attributed to the phenomenon of channeling. 
That is, the gas flowing through the column takes the path of least flow 
resistance and hence areas of higher than average density tend to see less 
gas because it is channeled around them. Since all the columns were hand 
packed with loose powders, it is very possible that preferential flow 
channels existed. Channeling would also account for the fact that large 
variations were observed in the amount of unreacted material at the time 
of hydrogen breakthrough. Table II summarizes some of the chromatography 
results. 

The ST101 behaved differently than the tĥ -ee other getters described 
above. Breakthrough was observed after only one-half hour exposure to the 
flowing hydrogen mixture. A possible explanation is found in the published 
data on ST101. At elevated temperatures the gettering process is thought 
to be diffusion controlled and high temperatures undoubtedly facilitate 
the migration of hydrogen into the bulk. At room temperature, on the other 
hand, the activated getter is primarily surface active, and once a layeT of 
hydrogen forms on the surface, gettering ceases until that hydrogen can 
diffuse into the bulk. In the dynamic experiments there was insufficient 
time for the diffusion to occur and once the surface capacity of the bed 
was exhausted, hydrogen was detected in the effluent. 

DPPE also behaved quite differently from Y-993, Ba and Er. Figure 9 
shows the time history of the hydrogen concentration in the effluent from 
a 14.0 cm long by 3 mm I.D. bed of DPPE subjected to a 0.02 cm /sec flow 
of argon containing 220 ppm of D-. The activation period is clearly 
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TABLE I I . GAS attOMATOGRAPH RESULTS 

Getter 
Column Dimension Time to 

Breakthrough (hr) 
Gas Composition 

H2/Ar 
Flow Rate 
(cm3/sec1 Getter diameter (mm) length (era) 

Time to 
Breakthrough (hr) 

Gas Composition 
H2/Ar 

Flow Rate 
(cm3/sec1 

Y-993 
Ba 
Er 
ST101 

18 30.0 
3 26.4 
3 26.4 
3 26.4 

443 
217 
226 
0.5 

500 ppm 
970 ppin 
970 ppm 
970 ppm 

1.0 
0.9 
1.0 
0.9 
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Figure 9. Concentration of deuterium in effluent from DPPE gp' ' r column as a 
function of time. 220 ppm D7/Ar. Plow rate 0.02 a i r / sec . Bed length 
14.0 cm. 



apparent in that initially very little of t!ie deuteriun entering the bed 
was absorbed. After reaching full activation, this bed then behaved 
similarly to those made of Y-993, Ba and Er. The effect of flow rate on 
the activation process can be observed in Fig. 10. Here the upper curve 
was obtained at a flow rate of 0.26 cm /sec and the lower one at 0.02 
cm /sec. The abscissa on the graph is the total amount of D~ that has 
entered the bed. The effect of the contact time between the hydrogen 
isotope and the getter can be explained by the following simple model. 
For a first order reaction, the time rate of change of the hydTOgen con
centration C at any point in the bed is given by 

§ • " k c w 
whereas the spatial distribution of the hydrogen along the bed is given 
by 

dC _ dC . dt _ 1 . 
S ' E I K Cv f" C 2 ) 

where the flow velocity v, of the gas has been substituted for (dx/dt). 
In the case of an inert gas carrier sweeping hydrogen through the bed, 
v f is a constant, and so Eq. (2) can be integrated to give 

kx 
C = C 0 expf-^p . (3) 

Thus, at the exit of the bed where x is a constant, increasing the flaw 
velocity should increase the observed concentration in the gas in quali
tative agreement with the data. 

Flow experiments with the Pd/molecular sieve getter were conducted in 
a somewhat different manner due to the required presence of oxygen. In 
this case a 13 cm long by 18 rum diameter bed of getter was placed in series 
with a stainless steel bellows pump in a circulation system. After the 
sieve had been activated at 800K in hydrogen, it was cooled to room temper
ature and exposed to a nearly stoichiometric hydrogen-air mixture. Within 
5 minutes after starting the bellows putp, the pressure had dropped to that 
previously calculated for the complete removal of hydrogen from the system. 
The reaction proceeded so rapidly that the temperature of the molecular 
sieve bed rose to a point uncomfortable to the touch. This temperature 
rise is attributable to the AH for the hydrogen-oxygen reaction. 
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Flow Experiments with Tritium 

To date, tritium flow experiments have only been conducted with H-36, 
DPPE and Ba. Figure 11 summarizes the data obtained in these tests. 
Since H-36 does not react apprecial iy with the hydrogen isotopes at room 
temperature, the H-36 curve really portrays the system response to a 10 
cm /sec tritium leak. At early times, the DPPE curve follows the H-36 
curve except for small differences in leak rate and system volume. -'-; 
later times though, the activation of the getter is apparent and the amount 
of tritium exiting from the bed decreases significantly. With the barium 
getter, three facts are apparent. First, the time to the initial tritium 
breakthrough is longer by roughly a factor of four than for either H-36 
or DPPE. The probable reason for this behavior is the faster hydriding 
kinetics of the Ba. Second, the slope of the curve is smaller, indicating 
that less tritium is exiting from the bed per unit time than in the other 
two instances. Third, since the data represent the integral of the total 
amount of ungettered tritium, the Ba is clearly the most efficient getter 
of the three. A test with hydrogen pre-exposed DPPE has not yet been con
ducted, however. Future tests are also planned with Y-993, ST171, and 
ST181 using T 2 to compare these getters with those already evaluated. 

SUMMARY 

A total of nine getters have been evaluated for their ability to re
move hydrogen isotopes from flowing gas streams under room temperature 
conditions. Table I smmarizes the observed hydrogen capacities under 
static conditions. Of the nine, H-36 and ST101 were the least effective 
getters under dynamic flow conditions. Although both barium and erbium 
proved to be excellent hydrogen getters in this mode, their one disadvan
tage is that they must be hand.1 *d in an inert gas atmosphere to retain 
full activity. ST171, ST181, and SK-100 Pd/molecular sieve can be handled 
in air prior to activation and work well once activated. On the other hand, 
Y-993 and DPPE can be handled in air, need little or activation, and can 
remove hydrogen from flowing gas streams at room temperature. These reasons 
may give the latter two getters a slight advantage for use in scrubbing CTP> 
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Figure 11. Tritium concentration in the ionization chamber 
as the result of 1 x 10" 6 cm /sec of tritium 
entering getter beds of H-36, DPPE and Ba. 
See Figures 3 and 4. 

32 



pinp exhausts. Por any of the getters Mentioned in this report, however, 
one area that still renains to be investigated is the effect of organic 
puip vapors ard other poisons on getter kinetics and capacity. 
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