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The trltlun recovery experiment, TRIO-01,
required a gas analysis system which detected the forn
of tritium, the amount of tritium (differential and
Integral), and the presence and amount of other radio-
active species. The system had to handle all contin-
gencies and function for months at a tine; unattended
during weekend operation. The designed system, de-
scribed herein, consisted of a train of components
which could be grouped as desired to match trltlun
release behavior.

Introduction

Tritium is generated in ceramic lithium
oxides from the (Ll,n) reaction. If the oxides are to
be used as tritium breeders in fusion reactors, then
the tritium has to be easily and efficiently recovered,
with a minimum residue remaining. The ternary oxides,
L1MXOV. are one group which are being considered as
tritium breeders. The tritium release behavior during
irradiation of a representative member of the group, y
LlAlOj, was examined in an ln-reactor test by recover-
ing the tritium using helium as a sweep gas. This
experiment was designated TRIO-01, Tritium Recovery In
Situ at Oak Ridge Research Reactor (ORR).

The objectives were the demonstration of
tritium recovery, the determination of the effect of
different variables on tritium release (sweep gas com-
position and flow rate as well as temperature), and the
determination of the amount of tritium permeation. The
overall experimental design is given elsewhere' as are
some preliminary results.^ This paper reports the
design, fabrication and testing of all components and
the final gas analysis system.

Requirements

The flow paths of the sweep gas, which
removes tritium, and the control gas, which controls
the temperature Inside Che capsule, are shown in Fig.
1. The sweep gas Is routed sequentially to a cleanup
system, the y-LiAlOj within the capsule, the sweep gas
analysis train, and then exhausted. The (sweep gas
analysis train is enclosed in a glove box whose atmo-
sphere is routed to a cell vent and then exhausted.
The control gas Is routed sequentially to a cleanup
system, a gap between the primary and secondary
cladding In the capsule, the control gas analysis
train, Che ORR off-gas system, and then exhausted.
Cleanup systems at ORR on all gases consisted of room
temperature mole sieve beds. For the helium used In
the sweep gas, a titanium getter bed was added.

The requirements which the sweep and control
gas analysis systems had to fulfill were: 1) recovery
of - 1 Ci/d of generated tritium; 2) determination of
the ratio of HT to HTO; 3) ability to handle a sweep
gas flow of 0.01 to 1 L/min with a composition He, 0 to
IX H2 in He or 0.2% 02 In He; 4) measurement of tritium
permeation Into the temperature control gas (He and
' A T ) ; 5) detection and measurement of other radioac-

tive species In the sweep gas; 6) realtime data collec-
tion including pressure, flow, and tritium concentra-
tion; 7) Integral data collection; 8) continuous
operation for 3 or more months including unattended
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weekend operation; and 9) flexibility to handle
unplanned events.

Design of the Gas Analysis System

The requirements for the gas analysis system
were achieved by designing an analytical train contain-
ing nodular units connected by scalnless steel tubing
which could be housed In a double glove box An exten-
sive on-line data collecton system was also provided.
The modular units used were oxidation beds, ethylene
glycol traps, sole sieve beds, reduction beds, getter
beds, Kanni chamber's, gas samplers, and furnaces. In
the Initial design, 100Z efficiency of all teds was
assumed. However, the oxidation and reduction beds
were assuned to have only IX active material and were
only 20Z theoretical density. It was further assumed
that when possible, oxygen was added to the oxidation
bed during Its operation to lengthen its lifetime. The
getter bed was also assuned to be 20Z theoretical
density; It was assumed to saturate at 231 hydrogen.

The sizing of units was based noc only on the
tritium handled (~ 1 Ci/d I.e. 8 x 10~6 moles) but
rather on the protlum handled. If 0.12 Hj/He is used
at 1 L/min or IX H2/He is used at 0.1 L/min, 0.062
moles of H2 or H^0 are handled each day. The water
which is contributed by a monolayer on the surface of
the tubing (~ 5 x 10"' isoles) is insignificant. The
capacity of oxidation, reduceioi and getter beds was
then based on the protlum handled. The minimum dimen-
sions were ~ 10 cm high by - 5 cm O.D. Where judged
necessary, redundant units were provided. For each bed
held at 500-600'C, - 100 watts is released into the
double glove box. If six are In operation, - 600 watts
of heat raust be removed by the refrigeration unit
provided on the glovebox.

Mockup Tests

A simple arrangement of the basic components
to be used In the analytical trains was constructed In
a hood at Argonne. The units were Identical to those
to be used in the TRIO-01 experiment. The results of
mockup tests done are described below.

Oxidation Bed: The conversion of tritium to
HTO and its recovery is a method of obtaining Integral
data. A CuO bed (reagent grade wire) was tested to
determine how efficiently it converted HT, etc. to
HTO. It was 99.51 efficient at 500°C. With 0.1Z H2/He
at 0.1 L/min, the tritium clearance time from the bed
was exponential with a time constant of - 30 minutes.
Complete elution required ~ 2.5 hr. At 0.01% H2/He,
residence times were < 16 h. The use of 02 prolonged
the life of the bed as expected. No degradation was
noted.

Ethylene Glycol Bubbles: The use of ethylene
glycol as a trap for HTO has been demonstrated.3 A
linear relationship was found between the air volume
handled and the bubbler volume needed for equivalent
HTQ retention. The use of two bubblers containing - 20
cm3 of ethylene glycol each resulted in the capture
of 2. 98.2% of the trltlated water expected to be pre-
sent in 0. It H2/He flowing at 0.1 L/min for 3 days.
For tests run 1 day, the first bubbler was 99.9%
efficient. At 1 L/mln, the trapping efficiency should



decrease. An estimate was made of this by assuming
that the trapping efficiency was linearly related to
the gas volume handled. Using two bubblers at 1 L/raln
for 3 days, > 925! of the trttlated water should be
trapped. In the TRIO-01 experiment, the bubblers are
backed by mole sieve beds which trap this entrained
water. Also at 25°C, the vapor pressure of ethylene
glycol Is 0.12 m ; therefore, ~ 0.06 g is moved from
the bubblers each day at a flow rate of 0.1 L/mln.

The following analytical procedure was de-
veloped to count the tritium in the ethylene glycol. A
known volume of ethylene glycol (- 15 cm') is Intro-
duced Into each trap before use. After each experi-
ment, a known aliquot of the trap solution (aaxlaum of
0.2S mL), 0.1 mL water and 20 nl of Beckaan GP scintil-
lation cocktail Is mixed and then counted. The back-
ground Is subtracted. The expected counting efficiency
Is 40.6Z (Table 1). The quenching Introduced by the
ethylene glycol reduces the accuracy of the total
counts by - 41 (see Fig. 2). The procedure Is adequate
for flow rates £ 1 L/nln and collection times of a day
at this flow rate. The total water collected in a 0.25
raL aliquot Is orders of magnitude smaller than the 0.1
mL water added; thus, the quenching curve is not
affected.

Table 1. The Tritium Counting Efficiency Found With
Ethylene Glycol and an NBS Certified
Trltlated Water Standard

Wt. of Stn. Known Efficiency
Experiment (g) cpm-Bkga (d/m) (Z)

1
2

Average

0.0885
0.0968

5998
6463

14608
15982

40.
40.
40.

72
44
6

a Background - 50 cpm.

Mole Sieve Beds: An alternative trap for HTO
are Linde 4A molesieves" (1/16" pellets). They also
trap entrained ethylene glycol as mentioned. The capa-
city of the sieves is 0.5 g lUO/lOO g of bed at
100°C. The tritium is removed either by heating the
bed to 200°C (a requirement due to the bed construction
In this experiment) or else water Is added to the sieve
to leach the tritium out.

Reduction Bed: Conversion of the tritium, to HT, etc.
before passage of the sweep gas to a Kanne chamber, is
a means of obtaining real time data. A magnesium bed
(reagent grade turnings) at 400°C or at 500°C witn 0.1Z
t^/He, 0.1 L/mln as a sweep gas converted trltlated
water to HT/T2 with 99.5Z efficiency. Using protium-
free helium at 300°C, resulted in minor tritium reten-
tion in the bed. Retention was negligible at 400° or
500° using 0.1Z Hj/He. The clearance time followed an
exponential decay. The time constant was ~ 60 minutes
at 400° or 500°C (0.1Z H2/He at 0.1 L/min).

Getter Bed: A titanium getter bed (reagent grade
granules) can be used to obtain Integral data, i.e.
total tritium recovered. The bed is operated at ~
230°C after being activated at 600°C under vacuum to
remove hydrogen. To remove the trapped hydrogen (H,
T), the bed is purged with helium at 600°C.

Kanne Chamber: These units provide real time mea-
surement of all HT species. Tests of the three units
used showed that the units provided linear, reproduci-
ble response to tritium concentration. Meter readings
had to be corrected as: 7.042 uCl/m3 for the 200 cc
unit designated KC 1; 0.9615 uCi/m3 for a 2 L unit KC

2, and 4.098 pCi/m3 for a 2 L unit KC 3. The 200 cc
unit responded 10 times faGter than the 2 L units;
however it had less accuracy at tritium levels <
1000 uCl/tn3. At a 8 L/mln flow rate, 1.5 e was needed
to refill the 200 cc unit; 10 6 was needed for the 2 L
units.

Gas Sampler: A stainless unit with a flow-
thru design was used. The unit was either removed or
left In position depending on what was desired. For
the latter, a germanium detector located below the
sampler and outside the glove box was used to deter-
mine y-radioactive species.

Furnaces: These units were constructed of seml-
cyllndrlcal heating elements, coated with Saurensen
paste. Insulation was wrapped around the heating ele-
ments with electrical leads at the top. Dimensions
were - 10 cm O.D. by 6 cm I.D. by 15 cm high. For each
bed at 500° to 600*C, ~ 100 watts was released.

Stainless Steel Tubing: A 50-foot length of stainless
steel tubing (1/8" diameter) was used in the laboratory
to simulate results expected in the tubing used in the
gas analysis system. Gas clearance times were short
relative to those found for the oxidation or reduction
beds, <_ 30-60 minutes using 0.1Z H2/He at 0.1 L/mln.

Data Collection: Bed temperatures, pressure, and flow
rate of the sweep gas, and real-time tritium releasa
information was collected at timed intervals on a Fluke
data logger. It was recorded on a "write only" magnetic
tape recorder. All other dato was recorded on chart
recorders or on ORRDACS (Oak Ridge Reactor Data
Acquisition Systum).

Alarms: Alarms are of two types, those affecting only
the experiment without interfering with reactor opera-
tion and those affecting reactor safety. All alarms
affecting reactor safety were handled through the 0RR
system. The alarms affecting only the experiment ori-
ginating from the data logger or the box monitor
Kanne chamber were combined into one alarm and trans-
mitted to the reactor control room. When this alarm
was tripped, it was Investigated and the proper actions
taken to either clear the alarm or contact the exper-
imenters for advice.

Fabrication of Sweep Gas Analysis System

The sweep gas analysis system is the main
analytical train for the TRI0-01 experiment. The lay-
out of this system within a double glove box is as
follows. There are three sets of panels, two in the
left hand glove box and one In the right hand glove
box. The back panel in the left box contains two
oxidation beds, two reduction beds, two getter beds,
each with a furnace, and shutoff valves located below
the beds. The front panel on the left contains six
mole sieve beds (redundancy) with shutoff valves below
the beds. The panel on the right side contains the gas
sampler, six ethylene glycol traps (redundancy), and
all other shutoff valves. A tritium standard is
located on the extreme right hand side on the floor of
the box. Two pumps needed for calibrating the ion
chambers are mounted on the back wall of the box. The
inlet and outlet lines for gases (02, He for flushing
lines) are located on the back of the box on the left
side. The electrical leads are routed to the left wall
of the double glove box.

The glove box is maintained at negative
pressure (-1" water). It and the entry port are
flushed with dry instrument air at a flow rate of 5-10
cfm (140-280 L/raln) to provide tritium containment.
The gas is passed to the ORR cell vent system. Pres-
sure control is provided to ensure that Che box is not
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Figure 1. Gas Analysis Flow Diagram for the TRIO-01
Experiment.
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Figure 2. The Quenching Curve Found for Tritium as
Function of Ethylene Glycol Concent With
20 mL of Cocktail and 0.1 mL Water.

Mode 1 Ethyl.n.
Qljrcol Trapa

Samplar Slava

Mode 2 Reduction
B«d

Kanna
Chambar 2

Bad

Ktnns
Chamber t

K«nni
Chlnbai 2

Samp1*r
O«tl»r

B*d

Mode 3 Reduction

Samplar
Mol.
Slava

Mode 4
Oildallon

Bad

Oxidation
Sad

Kanna
Mo.. Chambar 1
Slava

Samplar Ethylana
Qlvcol Trapa

Kinni
Chamber 2

Figure 3. Operational Configuration for the Sweep Gas Analysis System.

Oxidation
Bed

Mole
Sieve

Figure 4. Operational Configuration for the Control Gas

System.



pressurized to greater than 5 Inches of water. A
Kanne chamber Is dedicated to the box to monitor leaks
and/or releases.

Modes ot Operation of the Sjeep Gas System

The sweep gas rnalysls system for TRIO-01 had
to continuously determine tritium under any condi-
tions. To handle this, four main modes of operation
were possible with the system as fabricated. They are
shown In Modes 1-4 in Fig. 3.

In Mode 1, the fora of the tritium is deter-
mined as is the presence of other radioactive spe-
cies. The sweep gas enters; HTO is trapped out In a
set of ethylene glycol traps. The mole sieve bed traps
entrained water and ethylene glycol before the sweep
gas passes to the first Kanne1 chamber. The real tine
signal In this chamber Is due to HT species plus other
radlosctlve species. To determine the tritium contri-
bution, the sweep gas passes through a heated oxidation
bed followed by a set of ethylene glycol traps. A mole
sieve bed is again used to trap entrained water or
ethylene glycol before the second Kannl chamber, KC
2. The difference between KC 2's signal and KC l's is
the tritium content.

The second or third mode is used if a real
time measure of all tritium release is needed. The
sweep gas passes to a reduction bed where tritlated
water is converted to HT. A mole sieve bed traps any
unreacted HTO before the sweep gas passes to KC 1.
Again the signal is due to HT and other radioactive
species. At this point modes 2 and 3 differ. In node
2, the HT is trapped on a getter bed and the sweep gas
passes to KC 2. In mode 3, the HT is oxidized to HTO
and trapped In ethylene glycol. For both modes, the
mole sieve bed traps entrained material as the sweep
gas pesses to KC 2. The difference between the KC 1
and KC 2 is the tritium content.

The fourth mode is a means of obtaining the
integral tritium content. The sweep gas passes through
a heated oxidation bed followed by a set of ethylene
glycol traps. A mole sieve bed traps entrained vater
LT ethylene glycol before KC 1. Real-time data for
other radioactive species is read in KC 1.

Design/Fabrication of the Control Gas Analysis System

The arrangement used in the control gas
system is shown in Fig. 4. It consists of a heated
oxidation bed followed by a mole sieve bed. The pre-
sence of 4'Ar made the system highly radioactive and
therefore the system was located close to the reac-
tor. It was Inaccessible while the reactor was on (2
weeks at a time). No oxygen could be added to this
oxidation bed. It was assumed that the permeation rate
was low enough that this would not be a problem.

Summary of Key Features

The gas analysis systems designed for the
tritium recovery experiment were based on modular
units, easily replaceable. The sweep gas system could
be operated for three days at a tiro-? unattended. The
system recovered the tritium released; determined the
form and amount of the tritium released; detected other
radioactive species; measured perroeatlcn under
irradiation; and collected real-time or integral
data. The system performed within specifications.
Mode 1 was found to be the preferred mode of operation
during Irradiation.

Acknowledgements

We would like to thank V. Maronl and D.
Green, AM., for their help during this phase of the
TRIO-01 experiment.

References

(1] R. G. Clemmer, R. F. Halecha and I. 7.
Dudley, "The TRIO-01 Expariment," Fifth
Topical Meeting on the Technology of
Fusion Energy, April 26-28, 1983,
Knoxvllle, TN.

(2] R. G. Clemmer, P. A. Finn, M. C. Bi l lone.
B. Mlsra, R. M. Arons, R. G. Poeppel, F.
F. Dyer, I. T. Dudley. L. C. Bate, E. D.
Clemmer, J. S. Watson, P. W. Fisher, "The
TRIO-01 Experiment: In-Situ Tritium
Recovery Result*," Third Topical Meeting
on Fusion Reactor Materials, Sept. 19-22,
1983, Albuquerque, W.

[3) W. G. Sheehan, M. L. Curtis, and D. C.
Carter, "Development of a Low Cost Versa-
t i l e Method for Measurement of HTO and KT
in Air," MlM-2205 (1975).

[4) Union Carbide Data Sheet on Llnde Molecu-
lar Sieve Type 4A P e l l e t s .


