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TRITIUM RELEASE FROM A NONEVAPORABLE 
GETTER-PUMP CARTRIDGE EXPOSED TO MOIST 

AIR AT AMBIENT TEMPERATURE 

ABSTRACT 
We measured the amount of tritium released when a commercially available 

getter-pump cartridge was exposed to moist air at ambient temperatures. The cartridge con
sisted of Zr-Al powder pressed onto an iron substrate, which is the type of cartridge 
proposed for use in the Tokomak Fusion Test Reactor. While we found that the initial 
release of tritium was rapid, the total activity released was less than 0.005% of the cartridge 
loading. Of this amount, at least 80% was released as iritiated water. 

INTRODUCTION 

Although the potential problems of tritium 
technology associated with fusion reactor systems 
have been anticipated for: some time;1 --fusion lest 
facilities that use tritium as fuel are now being huill; 
concepts are becoming realities: Handling this 
highly radioactive hydrogen isotope safely and 
economically requires knowing how well the 
proposed components will function during routine 
operations and knowing the consequences of unex
pected failures. 

One component proposed for use in the 
Tokomak Fusion Test Reactor (TKTR) currently 
under construction at the Princeton Plasma Physics 
Laboratory is a commercially available getter 
pump. [The pump and cartridges are manufactured 
by Societa Apparicci Elettrici e Scienlifici (SAES), 
Italy, and distributed in the U.S. by Westinghouse 
Electric Corp. and SAES Getters/USA.JThis pump 
backs up lurbomolcculur pumps, which remove 
residual tritium and deuterium from the torus after 
each burn, and services neutral-beam injectors.-1 

Previous investigations conducted at Lawrence 
Livermore Laboratory (LLL) determined the 
pumping speed of tritium, the effects of impurities 
on pumping speed, and the equilibrium base 
pressures at loadings anticipated in the TFTR: 4 The 
present investigation determined the amount of 
tritium released when a tritium-loaded cartridge 
was exposed to moist air at ambient temperature. 

The gettei" pump consists of a Zr-Al cartridge, a 
heater, and an outer case with cooling-water coils 

FIG. 1. SAES getter pump in stainless steel outer 
container with cooling coils. 

(Fig. I). (An unenclosed pump, consisting of only a 
cartridge and heater mounted on a flange, is called a 
nude pump.) The cartridges are made by pressing a 



p o w d e r e d a l l o y (X4'V / . i r e o n i u n i .1 n i l I 6 ' ' _ 

a l u i i i i i i u m i o n t o an i r o n subs t ra te I n a p rop r ie ta ry 

process. (The SAI-.S t rade n::me lo r the A - A I m i \ -

t u re is St IDI a l ios . ) F o l d e d st r ips o f this m a t e r i a l 

are then ar ranged in p lea ted fash ion at 4-deg angles 

In IHr i i i a c i rcu lar ca r t r i dge w i t h n u v i m u i n sur face 

area and t rapp ing ef f ic iency ( F i g . I ) . The ca r t r i dge 

fits a round a rod-shaped heat ing element that is 

m o u n t e d t in a C o n f l a l - s t v l e f lanue w i t h e lec t r ica l 

I 'ccd- lhrougl is . I his heater b o t h activates the car

t r i dge ( i n hea l ing to 750" ( in vacuo) and m a i n t a i n s 

the p u m p :;t a desi red u p e n d i n g tempera tu re : o p -

t i m i i i u tempera tures d e p e n d on the pa r t i cu la r ap 

p l i ca t i on . T h e heater a lso regenerates hyd rogen 

p u m p s . Tab le I l ists the manu fac tu re r ' s p e r f o r 

mance data l o r Ihe C - H X I car t r idge that we i n 

vest igated and the (~-:'>~n cartnd.L'c p roposed l o r use 

w i t h the "I I I K . 

T A B L E I . Car t r idge performance.* 

Cartridge 

Active 
surface. 

I'ellcr 
weight, 

S 

Pumping speeds, I As 

(J N , I I , 1 ' 

Permanent sorption 
capacity for one 
activation, Torr-I 

CO N 7 

Reversible 
sorption capacity 

of H 2 , Torr-1 

C-100 
Nude 
l-jiclosed 
C-500 
Nude 
Enclosed 

2600 8(1 
300 110 650 
100 50 280 

750 32(1 2000 
500 250 1400 

55 

280 

55 135L 780 1' 

•1000" 

•"Data from ReC ft. 
"Hydrogen pumping speed at 4(Mrc. 
Tuui l ihr ium pressure: 3 X K l " 6 al 400"C. 
''Equilibrium pressure: I X I 0 " 4 al 400'C. 

PROCEDURES AND RESULTS 
W e act ivated an enc losed S A I - S C-K10 get te r 

p u m p car t r idge used in prev ious g e t t e r - p u m p 

eva luat ions by hea l ing it l o r 14 h at over 75( ) "C: an 

ac t i va ted -u ran ium t r a p was used to prevent res idua l 

t r i t i u m dr i ven o f f hv hea l i ng f r o m enter inu the a l -

mosphe re . W h e n the d y n a m i c pressure reached 5 X 

l ( H T o r r . the u r a n i u m t r a p was iso la ted a n d the 

ca r t r i dge was p u m p e d o n d i rec t l y using a m e r c u r y 

d i f f us i on p u m p u n t i l the pressure reached 2..V X 

I 0 ~ s T o r r . T h e ca r t r i dge was then iso la ted u n d e r 

v a c u u m un t i l it was l oaded w i t h t r i t i u m . 

F igure 2 shows the sys tem used to load the 

ge t t e r -pump car t r idge a n d ana lyze the res idual gas 

a l t e r l oad ing . T h e ca l i b ra ted m a n i f o l d was filled 

w i t h 96.69% t r i t i u m t o the pressure that w o u l d g i ve 

a car t r idge load ing o f 7 5 0 C i : a l l appara tus was at 

ambient temperature. W i t h i n 30 m i n af ter l o a d i n g , 

w e analyzed the res idua l gas in the m a n i f o l d w i t h a 

U T I - 1 0 0 C residual- l ias ana lvzer : it showed that the 

gas was-essent ia l ly l l e l i u m - 3 . the p roduc t o f T ; 

decay. T h e get ter p u m p was then evacuated t o 1.4 X 

I t ) 0 T o r r and i so la ted . 

lief o re r e m o v i n g t he get ter car t r idge f r o m the 

l o a d i n g system, the a c t i v i t y level o f the gas ove r the 

ca r t r i dge was measured us ing an ion chamber . T h e 

m a n i f o l d , l ines, a n d p u m p were filled w i t h d r y 

a rgon (1 -2 p p m (v ) w a t e r ) to 760 T o r r and the 

a rgon c i rcu la ted t h r o u g h the system and ion c h a m 

ber using a meta l b e l l o w s p u m p . T h e ion c h a m b e r 

readings (cor rec ted f o r the a rgon car r ie r gas) i n - ' 

d ica ted that a b o u t 9 m C i o f t r i t i u m was in the gas i n 

the getter p u m p w h e n i t was iso la ted. H o w e v e r , 

because the system a n d i on chamber were severely 

c o n t a m i n a t e d f r o m p r e v i o u s w o r k , we bel ieve t h i s 

read ing was e r r o n e o u s . A f t e r the i on c h a m b e r 

readings were m a d e , the a rgon pressure was i n 

creased to 79(1 T o r r . the getter p u m p va lve was 

: c losed . and the p u m p was removed f r o m the 
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I K ; . 2. Calibrated manifold system used to load (•ctter-pump cartridge and analyze residual gas after loading. 

manifold and transferred to the inert-atmosphere 
box for disusicmhly and removal of the cartridge. 

The activity in the inert-atmosphere box was 
measured using two ion chambers separated by a 
molecular sieve bed. The total activity (tr i t ium and 
tritiated water) was measured in the first chamber: 
the gas sample was then passed through the 
molecular sieve bed Vo remove water vapor, ami the 

activity of the t r i t ium gas was measured in the 
second chamber. 

A previous experience prompted us to deter
mine whether the activity measured in an inert-
atmosphere box after several days was released 
from the cartridges or from the other pump compo
nents stored in the box. We removed and isolated 
the seller cnrtrulue in ;t clean container. We then 
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reassembled the pump hody and stored all con
taminated parts inside it so that a separate activity 
measurement could he made later (see I'ig. 3). Dur
ing these manipulations, about 3 mCi of tritium ac
tivity was released in the inert-atmosphere box, 
about 80% of which was tritium gas. 

Another question we hoped to answer was 
whether the Zr-AI alloy would release tritium at a 
higher rate than predicted on the basis of dissocia
tion pressure alone. We removed the scaled car
tridge container from the inert-atmosphere box, 
and. using the same tritium monitoring system as 
before, measured the activity released over a 5-h 
period as the cartridge container was purged with 
dry argon. As in the experiment above, most of the 
activity released was attributable to tritium gas. The 
total activity measured during this period w;is 500 
jjCi, which corresponds to 0.5 uCi/Ci on the car
tridge over 8 h. After this measurement, the getter 
cartridge was isolated under dry argon. 

We then measured the level of tritium released 
when the cartridge was exposed to moist air. The 
cartridge container was placed in a maintenance en
closure equipped with a tritium monitoring system, 
pressure sensors, moisture monitors, and a tritium-
removal system (Fig. 4). A diaphragm pump and 
flowmeter were attached to the cartridge container, 
and moist air (6000-7000 ppm (v) water) was 
pumped at about 9 1/min through the cartridge con
tainer, which had a free volume of nearly I litre. The 
activity level in the enclosure increased to 5.77 
mCi/m 3 in 16 min. After 20 min. the activity level 
began to drop because of the removal of triliated 
water by the molecular sieve bed in the monitoring 
system. After 66 min. the getter cartridge was 
isolated under an atmosphere oT moist air, and the 
tritium-removal system of the test enclosure was 
turned on. The total activity released during this 66-
min exposure was 30.4 mCi. 

After we began this experiment, we discovered 
that the second ion chamber had a bias that pre
vented accurate measurement of tritium released as 
T 2 . Because of this, we operated the ion chambers in 
parallel rather than in series, and, by comparing the 
two readings, we estimated that at least 80% of the 
tritium released was in the form of tritiated water. 

After the cartridge had been stored under moist 
uir for about 24 h, it was again exposed to moist air 
flowing at about 9 l/min. To prevent removal of 
tritiated water by the molecular sieve bed in the 
monitoring system, the bed was bypassed during 
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FIG. 3. Tritium activity of getter pump body and all 
contaminated parts measured after storage under 
argon for one week; total tritium release was about 
9.8 mCi, about X(l% of which was tritium gas. 

this exposure. The activity levels measured in the 
enclosure were ten times lower than those ohserved 
on the previous day. (These readings included the 
activity released during the storage period.) After 12 
min, the measured tritium release rate was about 5.5 
fiCi/min. Because of the large enclosure volume 
(5.46 nv). small variations in ion chamber readings 
resulted in large fluctuations in the apparent tritium 
release rales, e.g.. the rale varied between 1.6 and 11 
>iCi/min during the latter part of the exposure. Af
ter 32 min, the exposure was terminated and the car
tridge was again stored under an atmosphere of 
moist air. A total of 2.5 mCi of tritium was released 
during this exposure. 

Because the maintenance enclosure was needed 
for other experiments and because the tritium 
release rates were so low, we removed the cartridge 
in its container and attempted to measure the 
release rates using other monitoring systems. Un
fortunately, because of a combination of factors, 
the results of these measurements were not entirely 
satisfactory. 

To test the effect of lower relative-humidity 
levels on the release rale, we made four runs with 
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FIG. 4. Maintenance enclosure used for moist-air exposures. This system was equipped with a tritium monitor
ing system, pressure sensors, moisture monitors, and a tritium-removal system. 

dry air (3.3 ppm (v) water). We used a monitoring 
system, similar to the one described in Fig. 4, that 
consisted of two ion chambers separated by a 
molecular sieve bed with a provision to bypass the 
sieve bed if desired: the system was open to the at
mosphere and vented into a fume hood. Figure 5 
shows a typical run; nearly 80% of the activity was 
attributable to tritium gas. During one of these 
runs, we aiso varied the flow rate: although we ex
pected the tritium concentration to increase as the 
flow rate decreased. Fig. 6 shows that changing the 
flow rate did not change the measured activity 
levels. 

The final moist-air exposure was also made us
ing this open system. After 500 h had elapsed, the 
tritium release rates were very low and flow rates 
had to be reduced to extremely low values to see any 
significant changes in ion chamber readings; unfor
tunately, it was almost impossible to keep such low 
flow rates constant. We continued the final ex
posure for over 770 h. We observed the major 
change in release rate during the first 100 h; subse
quent changes were small and fluctuated with 
changes in relative humidity (Fig. 7). Figure 8 shows 
the observed changes in release rate over the entire 
exposure period of about 1200 h. 
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FIG. 5. Ion chamber readings for typical run (No. 
8) of cartridge exposed to dry air (3.3 ppm (v) 
water); nearly 80% of the activity was attributable to 
tritium gas. The cartridge had been stored under dry 
air for about IS h; the air flow was 740 cnrVmin, and 
the container volume was 930 cmV 

FIG. 6. Ion chamber readings for run No. 9 (car
tridge exposed to dry air); the flow rate was varied 
during this run, but no significant changes in the ac
tivity levels were observed. The cartridge had been 
stored under dry air for about 5.6 h. 

10 J 

U 
• a . 

I 
> 

CO 

E 
3 

10 2 

10 

oo, «*QO 
CD <W, 

#~P 
d5 l 

% # 

o Tritium gas and 
tritiated water 

a Moisture content 

_L _L 

10b 

10* 
E 
Q. 
a. 

s 103 » 

I 
10 102 

Time —h 
103 
102 

FIG. 7. Ion chamber readings for run 
No. 11 (cartridge exposed to moist 
air); the major change in release rate 
occurred during the first 100 h; subse
quent changes were small and fluc
tuated with changes in relative 
humidity. The air flow was 235 
em'/min. 
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CONCLUSIONS 

- Our; observations-showed that the initial 
tritium release from a loaded C-100 getter cartridge 
exposed to moist air is rapid but that the amount 
released represents only a small fraction or the car
tridge loading. More than 72% oTlhe total tritium 
released during the exposure was released during 
the first 4 min; the release measured in 66 min 
amounted to less than 0.005% of the cartridge 
loading. As predicted by Singleton and Griffith,'' 
the release rale decreased rapidly with time; after 

more that 1200 h, the total tritium activity released 
by the cartridge amounted to less than 0.1 Ci (about 
_0,0j% pr the cartridge loading). 

A comparison of our data with the reported 
release rale of tritium from titanium tritide sources 
under dry air 5 indicates that the release rate of the 
Zr-Al alloy is significantly lower. However, there 
are insufficient data to demonstrate that such a 
comparison is valid. 

RECOMMENDATIONS 
The C-500 getter pumps proposed for use in the 

TFTR will contain significantly larger getter ele
ments with approximately five times the active sur
face area of the C-100 pump cartridges we teilbd. 6 If 
we assume equal loading and release proportional 
to the active-surface area, we would expect the ini
tial released vieach C-500 pump to be about 0.15 Ci 
if the setter is exposed to air. If an entire array of12 

pumps were exposed simultaneously, about 2 Ci 
would be released almost immediately. Because 
most of the release would be tritiated water and 
because the biological uptake of tritiated water is 
much more rapid than lhat of tritium gas. we 
recommend that special techniques and handling 
fixtures be used to prevent or reduce radiation ex
posures of operating personnel. 
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