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TRITIUM RELEASE FROM A NONEVAPORABLE
GETTER-PUMP CARTRIDGE EXPOSED TO MOIST
AIR AT AMBIENT TEMPERATURE

ABSTRACT;

proposcd for use m' lth?TOkOm‘ll\"FUQIOH Test. Rudubr Whll(. we found that the initial

release of tritium was rapid, the total aclivity released was less than 0.005% of the cartridge

loading. Of this amount, at leasl 80%

wis released as tritiated water.

INTRODUCTION

Although the potential problems of tritium
'u.t.hnolu;b. mnuy'_ ed wi

hlghl\ mdumclw g
cconomically e K }
proposed wmponcnls will' funtllon durm;b routine
operations and knowing the consequences of unex-
pu:u.d failures. ‘
Tokomuk Fusion Tul Ruu.lor (TI-TR) Luranll\'
under construction at the. Prmu.lon Plasma Physlcs

Laborutory is a commercially available getter
pump. [The pump and cartridges are manufaclured
by Societa Apparicei Elettrici ¢ Scientifici (SAES),
Italy, and distributed in the U.S. by Wesfinghouse
Electric Corp. and SAES Guu.rﬁ/USA 1This pump

* backs up. turbomolecular pumps, which remove

“residual tritium and deuterium from the torus after
3

cach burn, and services ncutral-beam injectors.” - -
Previous investipations conducted at Lawrence

Livermore Laboratory (LLL) deterniined the

_pumping speed of tritium, the effects of impurities — "~

~on pumping “speed; and the equnllhnum base
. pressures at loadings anticipated in the TFTR AThe
" ‘present investigation determined the amount -of

* tritium’ released when a tritium-loaded cariridge -

oowas cxposed to moist air at ambient temperature.

*'_i7 7 The getier pump consists of a Zr-Al cartridge. a”

hc.m:r .md an oulu case “nh coolm;__-\mu.r coils

fusnon reactor, systems -
: mL 12 luslon lLﬁl” -

Cooling
-coil

FIG. 1. SAES getter pump in staililés steel outer
comniner with cooling coils. ‘

(I'u: I) (An anenclosed pump, consisting of only 1
cartridge and heater mounted on a flange, is called a
nude pump.) The cartridges are made by pressing a




powdered alloy (84 zirconium and 16"
aluminum) onto an ron substrate by a proprictan
process. (Fhe SAES trade name for the Zr-Al mis-
ture i ST altoy.y Folded strips of this nysterial
itre then arpanged in pleated fushion ar d-deye angles

to form s cireubar cartridge with musamum surface

arca and trapping efficiencs (Fig

1y, The cartriduoe
fits around o rod-shaped heating clement that iy
mounted on o Confliat-style thinge wah electrical

TABLE 1,

feed-throaghs, This heater hoth activates the car-
tridpe (hy heuting to 730°C ju vacuoy and maintains
the pump st dusired operating temperature: op-
tmum tenperatures depend on the particular ap-
plicationr, The heater also regencerates hydrogen
pumps. Table st the munulacturer’s perfor-
manee dati lor the C-100 cartridge 1that we -
vestigated snd the C-350 cartnidge proposed for use
with the TIVTR.

Cartridge performance.”

Permanent sorption

/'\c!ivc (iu.llur Pumping specds, §/s :z‘::::::l}mm;‘::: K‘l.-vcrsihlc )
surface, weight, — surplion capacity
Cartridge om s (&) Ny “2" (&9 Ny of Hy, Torr-1
C-100 2600 80 - - - 55 55 135¢ 780
Nude - - 300 110 650 - - - -~
Enclosed - - 100 50 280 . - - - -
C-500 13000 38§ - - - 280 w0 - ATOC - 3000t
Nude - ) - 750 320 2000 - 7 - -
Enclosed - - 500 250 1400 - - - -
Mata from Ref, 6. ) o
"llydrogcn pumping speed at 400°C. -

3 % 1070 ar d00°C.
1% 1074 a q00°C,

CEquilibrium pressure:

dliquilihrium pressure:

PROCEDURES AND RESULTS

We activited an enclosed SAES C-JO(/) getler
pump curtridge used in - previous  getter-pump
evaluations by heating it for 19 hat gver 750°C: an
activated-uranium trap was used l/;_\"brc\'c’nl residual
tritium driven off by heating frém entering the at-
mosphere. When the dynamic pressure reached 5 X

107 Torr, the uranium trap was isolated and the

cartridge was pumped on directly using a mercury
diffusion pump until the pressure reached 2,3 X
107% Torr, The cartridge was then isolated under
vacuum until it was loaded with writium,
Figure 2 shows the system used 10 loud - the
getter:pump cartridge and analyze the residual gas
Lafter loading, The calibrated manifoid was filled
with 96.69% tritium to the pressure that would give
a cartridge loading of 730 Ci: all apparatus was at
ambicnt temperature. Within 30 min alter loading.,
we anilyzed the residual gas in the manifold with a
UTI-100 C residusl-gas analvzer: it showed that the

(]

aus witss essentially Helium-3, the product of T
decay. The getter pump was then evactated to 1.4 X
10°% Torr and isolated.

Before removing the getter cartridge from the
loading system, the activity level of the gas over the
cartridge was measured using an ion chamber, The
manifold, lines, and pump were filled with dry
argon (1-2-ppm. (v) "\\'ulcr) w 760 Torr and the
argon circulated through the system and ion cham-
ber using a metal bellows pump. The ion chamber
readings (corrected for the argon carrier gas) in-*
dicated that about 9 mCi of tritium was in the gas in
the getter pump when it was isolated. However.
beciuse the system and jon chamber were severely
contaminated from previous work. we believe this
reading was crroncous. After the ion chamber

readings were made, the argon pressure was in-
creased 1o 790 Torr. the getter pump valve was
«losed, and the pump was removed from the

!
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FIG. 2, Calibrated manifold system used to load petter-pump cartridge and analyze residual gas after toading.

manifold and transferred to the inert-utmosphere
box for disassemhbly and removal of the cartridge.
The activity in-the inert-stmosphere box was
~measured using two jon chambers sepirated by o
molecular sievé bed. The total activity (tritium and
tritiated water) was measured in the first chamber:
the gas sample was then passed through the
moleeutur sieve bed to remove water vispor, and the

Cactivity of the tritium gas was measured in the

sceond chamber.

A previous experience prompied us o deter-
mine whether the activity measured inan inert-
atmosphere boy after several diys was released
from the cartridges or from the other pump compo-
nents stored in the box, We removed and isoluied
the getter cariidpe in a clean contwner. We then



reassembled the pump body and stored all con-
taminated parts inside it so thiat a separate activity
meisurement could be made later (see Fig. 3). Dur-
ing these manipulations, about 3 mCi of tritium ac-
tivity was refeased in the inert-atmosphere box,
about 80% of which was tritium gas.

Another guestion we hoped (o answer was
whether the Zr-At alloy would release tritium at a
higher rate than predicied on the basis of dissocia-
tion pressure alope. We removed the sealed car-
tridge container from the inert-atmosphere box,
and, using the same tritium monitoring system as
hefore, measured the activity released over a 3-h
perind as the cartridge container was purged with
dry argon. As in the experiment iabove, most of the
activity released was attributable to tritium gas, The
total activity measured during this period was - 500
#Ci, which corresponds to - 0.5 pCi/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 wis exposed to moist air. The
cartridge container was placed in & maintenance en-
closure equipped with a tritium monitoring system,
pressure sensors, moisture monitors, and a tritium-
removil 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 I/min through the cartridge con-
tainer, which had a free volume of nearly 1 litre. The
activity level in the enclosure increased 1o 5.77
mCi/m3 in 16 min. After 20 min, the activity level
begun to drop because of the removal of tritiated
witter by the molecular sicve hed in the nionitoring
system. After 66 min, the getter cartridge was
isolated under an atmosphere of moist air, and the
tritium-removal system of the test enclosure was
turned on. The total activity released during this 66-
min exposurc was 30.4 mCi, T

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,. Because of this, we aperated the ion chambersin

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
air for about 24 h, it was again exposed to moist air
flowing at about 9 1/min. To prevent removal of
tritiated water by the molecular sicve bed in the
monitoring system, the bed was bypassed during

10§ T | I

Tritium activity — pCi/m3

o Tritium gas and
tritiated water

& Tritium gas

10 ! i 1
0 24 48 72
Time — min

F1G. 3. Tritium activity of getter pump body and all
contaminated parts measured after storage under
argon for one week; total tritium release was ahout
9.8 mCi, about 80% of which was tritium gas.

this exposure, The activity levels measured in the
enclosure were ten times lower than those observed
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
uCi/min. Because of the large enclosure volume
(5.46 m*), small variations in jon chamber readings
resulted in large Auctuations in the apparent tritium
releuse rates, e.g.. the rate varied between 1.6 and 11
uCi/min during the latter pant of the exposure. Afl-
ter 33 min, the exposure was terminated and the car-
tridge was again slored under an amumosphere of
maoist 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 1o measure the
release rates using other monitoring systems. Un-
fortunately, because of a combination ol Tactors,
the results of these measurements were not entirely
satislactory.

To test the effect of lower relative-humidity
levels on the release rate, we made four runs with
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FIG. 4. Malnlenance enclosure used for moist-air exposures. This system was equipped with a tritium monitor-
ing system, pressure sensors, “muisture momlors. and a tnllum-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 sicve bed with a provision to bypass the
sieve bed if desired: the system was open to the al-
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
Mow 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 300 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-
posurc for over 770 h. We ohserved 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. 6. Ion chamber readlngs for run No. 9 (car-
o tridge exposed to dry air); the flow rate was varied

tivity levels were observed. The cartridge had been
stored under dry air for about 5.6 h.

FIG. 7. lon 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 smail and fluc-
tuated with changes in relative
humidity. The air flow was 235
" em¥/min.
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FIG. 8. Change in release rate over the entire ex-
posure period of about 1200 h.

CONCLUSIONS

o O'ur.,.vnhscrvublibrﬁng'i—shév\\'cd “ that™ the - initial =+
" tritium release from a loaded C-100 getter cartridge -

expused to Moist air is rapid but that the amount
released n.pn.scnls onl\ a smal) Traction of the tar-

tridge loading. More than 72% of the total tritium

released during the exposure was released during
the first 4. min; the relesse meuasured in 66 min
amounted. to less’ than- 0003% of the carlndge
Jouading. As pn,du,lt.d by Smg]t.lon and’ Griffith,?

the release rate decreased rapidly with um(. dflv.r'

miore that 1200 h, the total triti activity released
by the cartridge amounted to less than 0.1 Ci (about
OOI‘o of the cartridge loading).

- A comparison of our data with the reported

“release rate of tritium.from titanium tritide sources
" under dry 1|ir,5‘indiculcs that the release rate of the

Zr-Al alloy is significanily lower. However. there
are’ insufficient data to demonstrate that such a
comparison is valid.

RECOMMENDATIO\IS

The C-500 ¢ u.lltr pumps propoﬁcd for uscin lhc:_
TFTR will contain slgmﬁcanlly larger ;,eller “ele-

',_'mcnls with dpproxumdlcly five times the active sui-
‘fuce area of the C-100 pump cartridges we tesizd. S If

we assume equal Io.lding und release ‘proporliondln

1o the d(.llVC <urfacc area, we would expeet the 'inj-
tial release”.
if.the getteris exposed to air. If an entire array of 12

We thank other mcmbcrs oflhc lrmum delllly
staff for their assistance on this project. Dan Disch
and Lyall »Milléf,providcd the electronic support re-
quired to make the cartridge-loading system

‘each C-500 pump to be about 0.15°Ci ##+

_pumps were exposed, snmuhancouslv about 2 Ci

would be rt.lt:dS;d ‘almost ‘immedidately. Because
most of the release would be tritiated water and
because the biological uptake of tritiated water is
much more rapid than that of tritium gas, we
rcco’hirhend that special techniques and handling
fixtures be used to prevent or reduce radiation ex-

_posures of,opcruling,pcrsoﬁnel. -
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