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Résumé

On a mi s à l'essai des échantillons de t r i t i u r e de t i tane de forte act iv i -

té spécifique pour déterminer leur s tab i l i té dans un milieu aqueux.

Le t r i t ium ayant pénétré dans le solvant et dans l'atmosphère se trouvant

au-dessus du solvant, a été mesuré respectivement comme HTO et HT. Le

dégagement fractionnel cumulatif après 100 jours a l l a i t de 0,9 à
-5 R

6,7 x 10 pour HTO et de 1 à 189 x 10 pour HT. L'effet du t r i t ium

adsorbé en surface sur le dégagement total a été observé durant les

essais.
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ABSTRACT

Samples of high specific activity titanium tritides were tested to
determine their stability in an aqueous environment. The release of
tritium into the leachant and into the air atmosphere above the leachant
was measured as HTO and HT, respectively. The cumulative fractional
release after 100 days ranged from 0.9 to 6.7 x 10~5 for HTO and from
1 to 189 x 10" 8 for HT. The effect of surface adsorbed tritium
on the total release was observed in the testing.
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1. INTRODUCTION

Titanium metal has been selected for the immobilization and long-term
storage of tritium (T2) because of the low equilibrium pressure of
tritium at normal storage temperatures, ease of preparation of the metal
tritide, and the ability to recover the tritium if required (1). An
experimental program at Chalk River Nuclear Laboratories (CRNL) has demon-
strated the chemical stability of the titanium tritide in both storage and
accident conditions. This program has included surface area measurements
of the titanium hydride sponge samples, examining the effect of hydriding/
dehydriding cycles on particle size and the effect of particle size on the
ignition temperature, and leach testing of the metal tritldes to determine
the tritium release in an aqueous environment. The results of leach
testing high specific activity metal tritides will be discussed in this
paper.

The leaching behaviour of titanium and zirconium deuterides containing
small amounts of tritium was examined in previous work (2). These samples
were prepared from deuterium gas containing ~185 MBq (5 mCi) tritium/L,
which was reacted with both Ti metal sponge (0.4 - 4.7 mm) and rod (1.6 and
6.4 mm diameter). The test data obtained from these samples showed that
the hydrides were stable compounds in water. To determine if samples
prepared from high specific activity tritium would have a similar low
release, samples of titanium hydride sponge (6.3 - 9.5 mm) prepared with
gas mixtures of 20 and 50% T2 in H 2 and with pure T2 (19 TBq/m-

5, 48 TBq/m3

and 96 TBq/m , respectively) were tested.

Tritium may be released from titanium hydride either by isotopic exchange
with the leachant,

TiT2 + H20 •• Ti(H,T)2 + (H,T)20

or by chemical reaction with water,

TiT2 + 2H2O »-Ti(0H)2 + 2HT

TiT2 + 2H2O ^TiO 2 + 2HT + H2

Because tritium can be released in the hydrogen form, i.e. HT or T 2, as
well as in the aqueous form (by isotopic exchange),the tests were set up to
determine the release of tritium into the aqueous phase (as HTO) and into
the air atmosphere above the leachant (as HT).
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2. EXPERIMENTAL

2.1 Sample Preparation

The high specific activity titanium tritides were prepared using the
hydriding apparatus in the CRNL Tritium Laboratory (3). The titanium
sponge, -3/8 + 10 mesh, was obtained from Alfa Products, Ventron Division
(Danvers, MA). Only sponge pieces ranging from 6.3 mm to 9.5 mm were used
in the tests. Because of the high specific activity of the small samples
(22.4 TBq (605 Ci) per gram of Ti for T i T ^ , only a limited number of
samples were prepared initially (Series A ) , and a second set (Series B)
prepared and tested at a later date to expand the data base. Details of
the samples prepared and tested are given in Table 1.

After reaction of the titanium sponge samples with tritium gas, any tritium
remaining was pumped away and argon added and circulated through the
apparatus to remove residual tritium from the Ti surface. The reaction
vessels were evacuated to ~10~2 p a before removal from the hydriding
apparatus. The Series A samples were then transferred directly to the
leach test vessels. However, the Series B samples were removed from the
reaction vessels and placed in open sample vials in the Tritium Laboratory
inert atmosphere glove box for 7 days to promote the release of tritium
adsorbed on the sponge surface prior to beginning the leach tests. The
vials were then capped and moved to a special air atmosphere glove box set
up to contain the leach test samples. Each vial was opened separately and
a measurement of the tritium concentration in the glove box atmosphere
indicated tritium was still being released from the sponge surface. The
vials were left open in the box for 1 week. At this time each vial, when
exposed separately, resulted in a glove box atmosphere concentration of
0.1 - 1 MBq/m3 (10 - 100 pCi/m3) near the open vial. The total tritium
released prior to the start of the leach test was not measured but the
pre-test release is noted in the comparison of the tritium released during
the test from the Series A and Series B samples. These samples were then
transferred to the leach test vessels.

Both the Series A and Series B samples were tested in 100 mL of deionized
water. The leachant was changed only at the end of the test of the Series
A samples to determine if this would affect the release rate. Most of the
test was carried out at room temperature. The temperature of the Series A
samples was increased to 50°C for a short period at the end of the test to
examine its effect.

2.2 Analysis

To determine the tritium released into the aqueous phase as HTO and into
the air atmosphere above the water as HT, special sample vessels were made
as shown in Figure 1. During testing the two volumes were open to each
other. The upper volume was isolated and removed for HT analysis of the
air atmosphere.
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Sample

Series A

1
2a

Series B

Hydriding of

Gas
Composition

T2
80% H2/20% T 2

TABLE 1

Titanium Metal

Ti Weight

(g)

0.5132

1.5235

Sponge

(H,

1

0

T)/Ti

.0

.9

Total T
TBq (Ci)

11.1

5.7

(301)

(154)

50%

50%

T2

T2
H2/50% T 2

H2/5O% T 2

1.1670
0.4620

0.6437

0.6505

0.5682

1.8
1.0

-

1.0

1.0

47.7
10.1

7.4

6.5

(1290)
(274)

—
(201)

(175)

Notes

a) The sample was divided into 3 for leach testing. A separate hydrogen
extraction test of sponge samples indicated that uniform hydriding of
all the sponge pieces in a sample could not be assumed for H/Ti ratios
<1.8, therefore the leach results are reported for a single sample
because of the uncertainty of the total tritium in each as the divided
samples.

b) Because of the high T/Ti ratio, uniform hydriding was assumed and the
sample divided for testing — 2 samples of 0.3422 g plus 1 of 0.1992 g
tested with no water in the flask as a control. Because of the
brittleness of this sample, some fines were produced during hydriding
and in dividing the sample but were not tested.

c) A hydriding reaction was not observed with this sponge sample when it
was exposed to T2. It was used in the leach tests as a control.
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STOPCOCK (to isolate upper volume)

AIR ATMOSPHERE M20mL volume)

STOPCOCK (to isolate upper volume)

100mL H2O (leachant)

Ti TRITIDE SPONGE SAMPLE

FIGURE 1 : SCHEMATIC OF LEACH TEST VESSEL
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FIGURE 2: SCHEMATIC OF HT ANALYSIS SYSTEM
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The leachant and air atmosphere were analyzed daily for the initial two
weeks, then weekly, and finally biweekly. Leachant sample aliquots of 10 -
100 yL were removed and the HTO concentration determined by liquid scin-
tillation counting (using a LKB 1215 Rackbeta counter). The HT in the air
atmosphere above the leachant was analyzed by isolating the upper volume of
the sample vessel and circulating this atmosphere through an ionization
chamber. The analysis system is illustrated in Figure 2. The amount of
tritium determined by the ionization chamber reading was corrected to take
into account the total volume above the leachant and not only that of the
upper volume. The volume was flushed with clean air after each analysis.
The maximum air atmosphere concentration noted was ~37 MBq/m^ (1 mCi/m-^)
which decreased to less than 0.37 MBq/m^ at the test end. The tritium
concentration in the leachant increased during the test to a maximum of
3.7 TBq/m^. With this tritium concentration in the leachant, the corre-
sponding vapour concentration of HTO was calculated to be approximately
04 MBq/m3.

The leaching behaviour is reported as the cumulative fractional release

(CFR) of tritium where

CFR
Ao

and A n = Activity released in each analysis period.
A o = Activity initially present in sample

(not corrected for decay).

3. RESULTS AND DISCUSSION

The cumulative fractional release (CFR) of tritium into the leachant from
the titanium sponge samples is given in Table 2 for 1, 10, 50 and 100 days
of leach time and for 150 days for the Series A samples. The CFR versus
time is plotted in Figure 3. The release pattern is characterized by an
initial release rate of tritium which decreases with time resulting in a
plateau-type curve. The tritium release, as HTO, was similar from all of
the samples tested. The CFR ranged from 0.9 - 6.7 X lO"-1 after 100 days of
testing. There does not appear to be any effect of the gas composition
used for hydride preparation or of the final tritium-metal ratio on the
CFR. The variability observed in the results for samples hydrided to the
same final ratio and/or with the same gas composition is likely due to the
different surface characteristics and the amount of adsorbed tritium. The
lower release from the Series B samples compared to that from Series A is
likely a result of the more complete removal of adsorbed tritium prior to
testing. These results are similar to those observed in the low-level
tests (2) where the CFR ranged from 7.4 x 10"6 to 2.4 x 10"4 after 150 days
of testing of Ti sponge (-4 + 40 mesh) samples under both static and
dynamic conditions. Some uncertainty in the HTO sampling and analysis was
evident from the scatter of data in Figure 1.

The CFR of tritium released in the elemental form into the air atmosphere
above the leachant is given in Table 3. Figure 4 is a plot of the CFR
versus time. The release pattern is similar to that described for the HTO
release. There is larger variability in the final CFR for HT than noted
for HTO. The CFR for the two Series A samples ranged from 15 to 189 x 10~a

after 100 days, while that for the Series B samples ranged from 0.7 to
32.3 x 10"8.
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TABLE 2

CUMULATIVE FRACTIONAL RELEASE OF 3H AS HTO FROM TITANIUM TRITIDE

Ti(H

Ti(H

Ti(H

TiTt

TiTj

TiT1

TiTx

Sample

,T) 0

,T>1

*
.0

**
.0

**
.8

**
.8

.9

.0

.0

20%

50%

50%

*
T

**
T

**
T

Cumulative

1 day

0.7

0.2

—

2.0

0.1

0.1

0.2

10

1

0

0

4

0

0

0

Fractional

days

.2

.3

.6

.1

.7

.4

.8

Release (HTO) x

Total Leach Time

50

1

1

1

5

3

1

2

days

.6

.0

.3

.8

.1

.1

.3

100

1.

1.

1.

6.

3.

0.

2.

days

9

0

3

7

4

9

4

105

150 days

2.0

—

—

6.6

—

—

—

Series A

Series B
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FIGURE 3 CUMULATIVE FRACTIONAL RELEASE (CFR) OF 3H (as HTO) FROM TITANIUM TRITIDE

A *-

50 100

LEACH TIME, days

150

-TT*

SERIES A

O Ti(H,T]09-20%T

* TiT,.o

SERIES B

x Ti(H,T)10-50«/oT

O Ti(H.T)10-50%T

D TiT,.o

O TiT,8

A TiT te

200



- 8 -

TABLE 3

CUMULATIVE FRACTIONAL RELEASE OF ->H AS HT FROM TITANIUM TRITIDE

Sample Cumulative Fractional Release (HT) x 10ö

/o T

Ti(H,T). _ - 50% T
1 »U

**

Ti(H,T)
1 • u

TiT
1.0

TiT

TiT

**
1.0

1.8

TiT
1.8

Series A

**
Series B

Total Leach Time

1 day 10 days 50 days 100 days 150 days

4.5 7.3 12.3 14.8 15.3

0

0

1

0

9

24

1
• J.

.1

16

.4

.7

.8

0.2

0.3

140

2.5

10.7

27.5

1.2

0.7

172

5.2

11.5

31.5

1.2

0.7

189

5.7

11.9

32.3

191
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FIGURE U CUMULATIVE FRACTIONAL RELEASE (CFR) OF JH (as HT) FROM TITANIUM TRITIDE
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A comparison of the release from samples with a (H,T)/Ti ratio of 0.9 and
1.0 indicates that exposing the Series B samples to a flowing air stream
for a number of days significantly reduced the amount of adsorbed tritium
by exchange or reaction with Û£ or H2O and hence, the release of elemental
tritium during the leach test. Specific surface characteristics of each of
the samples may also affect this comparison. The TiT^o sample in Series A
appeared to release significantly more tritium both to the gas phase and
the aqueous phase. The HT release from the Series B samples indicates a
possible effect of the initial gas composition and the tritium/metal ratio.
However, the limited data and small release values add uncertainty to this
being a real effect. The CFR was lowest for the samples prepared from a
50-50 H2/T2 mixture and highest for one of the TiTj^g samples.
The variability in the release from the two TiT^#g samples may be due
to different surface characteristics (not visible). The increased brittle-
ness and lattice expansion of the metal from hydriding to this high tritium/
metal ratio may have resulted in a larger amount of adsorbed tritium which
contributed to the release.

The release of elemental tritium is one to three orders of magnitude lower
than the release into the aqueous phase. The elemental tritium results
from the release of either adsorbed tritium and/or from the corrosion
reactions which produce titanium oxide and/or hydroxide and tritium gas.
Because the tritium release into the water was much higher, the indication
is that isotopic exchange is the predominant release path for tritium from
titanium tritide samples in an aqueous environment. However, the samples
were discoloured from an original silver-gray to dark brown/black
indicating formation of a surface oxide.

The release of elemental tritium from a dry sample of TiTj^g, i.e. placed
in a test vessel with no water added, was measured to compare with those
samples in water. The CFR from the three TiTj^g samples is plotted
versus time in Figure 5. Initially the release was comparable with the
samples tested in water, but after Day 15 the release rate increased
considerably after some handling. This sudden increase is believed due to
crumbling of the brittle sample and exposure of new surface to the air
atmosphere. This may have allowed for release of adsorbed tritium which
had not yet diffused from the porous sample, or reaction of chemically-
bound tritium with moisture or oxygen. The comparable initial release from
the dry sample and the samples tested in water indicates thaL the moisture
in air is sufficient for oxide/hydroxide formation and HT release.

The titanium sponge sample, which was exposed to T2 but did not roact
(TiT^.005) w a s tested with the other samples. Because the initial
activity was not known, the CFR could not be calculated for this sample.
The cumulative release as HT and HTO per gram of Ti is compared in Table 4
for the Series B samples, including that exposed to T2• The release per
gram of Ti over the 100 day test period is slightly higher for the
"exposed" sample than those prepared from the 50-50 H2/T2 mixture, but
less than the TlT^.g samples. The HTO release (per gram of Ti)
from TiTi,g was only ~3 times higher than that from the "exposed"
.sample, while the HT release was 30 times higher. The HTO release from the
"exposed" sample was approximately 3 orders of magnitude larger tlian the HT
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FIGURE 5 CUMULATIVE FRACTIONAL RELEASE (CFR) OF 3H las HT) FROM TiT18

100

LEACH TIME, days

O TiT1 g-in air, some handling of
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TABLE 4

Cumulative Release of Tritium from Titanium Tritide

Sample
(Series B)

Ti(H,T). - 50% T
1 • \)

Ti(H,T)1>0 - 50% T

TiT1.0

T1T1.8

TiT1.8

Ti(exposüd)a

Cumulative Release/g Ti
(after 100 days leach time)

HT

MBq/g Ti

0.14

0.08

0.89

4.7

13.0

0.32

{jCi/g Ti

3.8

2.3

24.1

127.0

351.0

8.7

HTO

GBq/g Ti

0.12

0.14

0.80

0.46

0.98

0.27

mCi/g Ti

3.2

3.9

21.6

12.3

26.6

7.2

Notes

a) Sample exposed to T2 but no reaction noted (TiT o.OO5^'
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release. This is similar to the range observed for the reacted samples.
The results from testing this sample provide further evidence for the con-
tribution of tritium weakly adsorbed on the metal surface to both the HTO
and HT release.

Although the tests were normally carried out at room temperature and
without changing the leachant between analysis periods, some test varia-
tions were introduced after 180 days of testing the Series A samples and a
plateau-type release curve had been established. There was no effect of
changing the leac.hant on the release rate of HTÜ or HT as shown in
Figure 6. After a total leach time of 220 days, the test temperature was
increased to 50°C by immersing the test vessels in a water bath. This
resulted in a slight increase in the release rate of both HTO and HT
(Figure 6 ) . A similar effect was observed by Bridger and DeFreitas in
their testing of zirconium hydride samples containing low levels of tritium
when they increased the leachant temperature after 120 days of testing (4).
They noted, however, a significant increase in the HTO release rate from
what they termed a "fragmented" sponge sample hydrided to ZrH2- The
apparent surface oxide or hydroxide present on the titanium sponge (surface
darkened) after the length of testing may have limited the effect of this
test variation.

4. CONCLUSIONS

Leach testing of high specific activity titanium tritide samples at room
temperature has shown they are stable compounds in an aqueous environment.
There is a significant contribution from the tritium adsorbed on the
surface to the tritum release into the leachant (HTO) and into the air
atmosphere above the leachant (HT). A cumulative fractional release of
tritium as HTO of the order of 10"^ was obtained after 100 days of
testing of sponge samples with tritium/titanium ratios up to TiT^#g.
The CFR of HT was 10~» - 10~8 for the same test period and samples.
The release rate of both species decreases with time perhaps due to a
surface oxide (or hydroxide) being formed and/or a decrease in the amount
of surface-adsorbed tritium. The results for the HTO release are similar
to those obtained for the low-level samples reported in (2). The test
results indicate the suitability of titanium sponge as an effective
long-term storage media for tritium.
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FIGURE 6 CUMULATIVE FRACTIONAL RELEASE OF TRITIUM
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