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(54) Removal and Recovery of 
Trit ium from Light and Heavy Water 

(57) A method and apparatus for 
removing tritium from light water 
comprising contacting tritiated feed 
water in a catalyst column (10) in 
countercurrent flow with hydrogen 
gas originating from an electrolysis 
cell (11) so as to enrich this feed 
water with tritium from the 
electrolytic hydrogen gas and passing 
the tritium enriched water to an 
electrolysis cell (11) wherein the 
electrolytic hydrogen gas is generated 

and then fed upwards through the 
catalyst column or recovered as 
product. The tritium content of the 
hydrogen gas leaving the top of the 
enricher catalyst column is further 
reduced in a stripper column (14) 
containing catalyst which transfers 
the tritium to a countercurrent flow of 
liquid water. Anodic oxygen and water 
vapour from the anode compartment 
may be fed to a drier (16) and 
condensed electrolyte recycled with a 
slip stream or recovered as a further 
tritium product stream. A similar 
method involving "heavy" water is 
also described. 
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SPECIFICATION 
Removal and Recovery of Tri t ium f rom Light 
and Heavy Water 

This invention relates to a method and 
5 apparatus for removing tritium from heavy water, 

0 2 0 and light water H z0 and more particularly to 
a combined electrolysis-catalytic exchange 
process and apparatus. 

Sources of tritium are for example, as follows: 
10 in nuclear fuel reprocessing plants (tritium in light 

water); in waste streams from military operations 
connected with nuclear weapons programs; and 
in heavy water nuclear power reactors both 
moderator and coolant resulting from neutron 

15 capture in deuterium. 
At the present time the removal of tritium from 

water is accomplished by various hydrogen 
separation techniques, e.g. water distillation, 
cryogenic distillation of hydrogen, etc. The 

20 processes have small separation factors and are 
not very suitable for the primary preconcentration 
stage or stages. However, cryogenic distillation of 
hydrogen is probably the most suitable process 
for the final enrichment of tritium to 99% tritium 

25 (T2). 
In nuclear power reactors of the type using 

heavy water as coolant and moderator, the 
progressive build-up of tritiated heavy water 
(DTO) in the D2Q can lead to problems in 

30 controlling radiation exposure at the nuclear 
power stations. This DTO impurity is produced 
continuously in the reactor as the D20 is 
subjected to neutron irradiation. In present 
Canadian nuclear generating stations, the average 

35 tritium levels are the order of 1 curie per kg. of 
D20 in the primary heat transport systems and 
over 10 curies per kg of D20 in the moderator 
systems and these levels are rising. Thus the 
tritium while present in comparatively minute 

40 quantities, because of its radioactivity 
nonetheless poses significant radiation problems 
wherever D20 leaks occur or where it is purged 
from the system. 

Although tritium is an undesireable 
45 contaminant in heavy water reactors, and other 

processes, it is foreseen that this material will 
have in the future high commercial value e.g. in 
laser-induced fusion reactions, in devices 
requiring small sources of radioactive energy etc. 

50 It is an object of the present invention to 
provide a safe and economic method and 
apparatus for removing tritium from heavy and 
light water. 

It is another object of the invention to provide a 
55 system for reducing tritium levels in light water 

systems such that the water can be safely 
discharged to the environment. 

It is another object of the invention to provide 
apparatus for reducing the tritium levels in the 

60 heavy water moderator/coolant systems in 
nuclear power reactors. 

These and other objects of the invention are 
achieved by a method comprising contacting 
tritiated feed water in a catalyst column in 

65 countercurrent flow with hydrogen gas originating 
from an electrolysis cell so as to enrich this feed 
water with tritium from the electrolytic hydrogen 
gas and passing the tritium enriched water to an 
electrolysis cell wherein the electrolytic hydrogen 

70 gas is generated and then fed upwards through 
the catalyst column. The tritium content of the 
hydrogen gas leaving the top of the enricher 
catalyst column is further reduced in a stripper 
column containing catalyst which transfers the 

75 tritium to a countercurrent f low of liquid water. 
These objects of the invention are also 

achieved by apparatus for removal of tritium from 
light and heavy water comprising a catalyst 
isotope exchange column with hydrogen gas and 

80 liquid water passing therethrough in 
countercurrent isotope exchange relationship, an 
electrolysis cell having an anode side and a 
cathode side and a separator therebetween, a 
dehumidifier-scrubber, means for passing the 

85 liquid water enriched in tritium from the catalyst 
column through the dehumidifier-scrubber to the 
electrolysis cell, means for passing the hydrogen 
gas evolved in the cathode side of the cell through 
the dehumidifier-scrubber to the catalyst column, 

90 said dehumidifier-scrubber adapted to adjust the 
humidity of said hydrogen gas from the conditions 
pertaining in the electrolysis cell to those 
pertaining in the catalyst column and equilibrates 
the tritium in water vapour carried by the 

95 hydrogen gas with the down-flowing liquid water 
stream, a stripper containing the same catalyst as 
the exchange column, means for passing the 
hydrogen gas from the catalyst column through 
the stripper to an output, means for passing a 

100 liquid water feed through the stripper to the 
catalyst tower, said stripper adapted to strip the 
tritium out of the hydrogen gas and transfer it to 
the down flowing liquid water stream, means for 
introducing the tritiated water feed along with 

105 liquid from the stripper to the upper portion of the 
catalyst column, and means for taking an output 
enriched in tritium from the system. The preferred 
arrangement further comprises a gas drier, means 
for taking the oxygen gas evolved in the anode 

110 side of the electrolysis cell and highly tritiated 
water vapour from the cell and passing through 
the gas drier to condense the water, means for 
returning a portion of this water to the cell and 
means for taking the remaining portion as a 

115 tritium product output. 

In drawings which illustrate embodiments of 
the invention. 
Figure 1 is a flow diagram of the process for 
tritium recovery from light water, and 

120 Figure 2 is a flow diagram of the process for 
tritium recovery from heavy water. 

The drawings indicate examples of the 
important parameters of the processes as follows: 

a) liquid and gas flow rates in moles 
125 b) tritium (T) concentrations as curies per 

kilogram (Ci/kg) of water 
c) liquid/gas molar flow rates (L/G) as a ratio 
d) temperature (T) in °C 
e) pressure (P) in atmospheres 
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f) catalyst separation factor (ac) as a ratio 
g) electrolytic separation factor (ae) as a ratio. 
It should be pointed out that the specific 

concentrations and molar flows given in the 
5 figures are by way of example and can be varied 

according to design considerations. 
Referring to figure 1, the chief elements of the 

apparatus are an enricher 10 and an electrolyser 
11. The enricher is an exchange column 

10 containing a packed catalyst bed in which 
hydrogen gas and liquid water pass in 
countercurrent isotope exchange relationship. The 
high separation factor between tritium and 
protium, a E ~ at 25°C, makes this process very 

15 effective for concentrating tritium. The catalyst 
must be wet-proofed, hydrophobic and of course 
active in the presence of liquid water. The 
preferred catalyst material is a Group VIII metal 
having a liquid-water-repellent organic polymer or 

20 resin coating thereon selected from the group 
consisting of polyflurocarbons, hydrophobic 
hydrocarbon polymers of medium to high 
molecular weight, and silicones, and which is 
permeable to water vapour and hydrogen gas. 

25 This type of catalyst is described in U.S. Patent 
No: 3,981,976 issued September 21,1976. 
Preferable types of catalysts are also described in 
a paper entitled "Novel Catalysts for Isotopic 
Exchange between Hydrogen and Liquid Water" 

30 published in the ACS Symposium Series No. 68, 
of the American Chemical Society, (1978). 

The electrolyser 11 is any type of electrolysis 
cell incorporating a separator 12 between the 
anode compartment 11 a and the cathode 

35 compartment 11 b. For economic reasons, it is 
preferable that the cell used has a low water 
and/or electrolyte inventory. 

The electrolytic hydrogen produced in the 
electrolytic cell is already depleted in tritium 

40 relative to the electrolyte by virtue of the kinetic 
isotope effect inherent in the hydrogen evolution 
reaction, passes upward (dotted lines) through a 
dehumidifier-scrubber 13 and through the 
catalyst column 10 where it steadily loses most of 

45 its remaining tritium as it moves up the column in 
countercurrent flow with the tritiated water feed 
(solid lines) introduced above the column and 
trickling down through the column, through the 
dehumidifier-scrubber to the electrolysis cell. The 

50 dehumidifier-scrubber serves to adjust the 
humidity ofthe depleted hydrogen gas to the 
conditions prevailing in the enricher, to bring the 
tritium concentration of the water vapour in the 
gas stream in isotopic equilibrium with the liquid 

55 water from the enricher, and to transfer any 
entrained electrolyte in the hydrogen gas to the 
downflowing water stream. The hydrogen gas 
after passing through the enricher passes to 
stripper 14, which also contains the hydrophobic 

60 catalyst so that the tritium content of the already 
depleted hydrogen is further reduced by 
transferring the tritium to the countercurrent 
stream of liquid water. The hydrogen gas then 
flows to the vapor-liquid equilibrator 15 which 

65 serves to bring the tritium concentration of the 

water vapor in the gas stream isotopic equilibrium 
with a natural liquid water input (e.g. 100 mol, 
having a tritium concentration TaO). This liquid is 
then returned to the stripper. If the tritium 

70 concentration of the output hydrogen gas is 
reduced to sufficiently low values it could be 
released directly to the atmosphere. The hydrogen 
could be burned as a source of energy and the 
resulting water could be used as process water in 

75 the system. Part of this water could thus be used 
as feed water to the stripper column. 

The liquid to gas molar ratio, L/G, in stripper 
column 14 can be varied in the practical range of 
0.2 to 0,8. At lower values of this ratio, the 

80 catalyst volume increases and it is difficult to 
operate the column. At an L7G ratio=0.5 (as 
shown in figure 1,) the number of times the 
tritiated water feed must be electrolysed is 2. As 
the L/G increases, the number of times this feed 

85 must be electrolysed increases rapidly e.g. at 
L/G=0.8, it becomes 5. In the system shown in 
the figure, a natural water feed is used for 
stripping and its low tritium content makes the 
stripping operation easy. As mentioned above it is 

90 also possible to use part of the hydrogen 
converted to water as this feed. In removing 
tritium from the water from a feed reprocessing 
plant it may only be necessary to reduce the 
tritium level by about a factor of 6. In this case, 

95 the stripper column may be necessary. The 

hydrogen product from the enricher column could 
be converted to water and returned as process 
water to the fuel reprocessing plant. 

The oxygen gas and water vapor H2Ov, from 
100 the anode side of the electrolysis cell 11 is passed 

to drier 16 that removes the water and the heavily 
tritiated liquid water is returned to the cell. A 
fractional output is taken as product. The drier 
could be for example a condenser involving a 

105 packed column, molecular sieve driers, etc. The 
oxygen output, 02 , may be exhausted to the 
atmosphere or used in the conversion of the 
hydrogen output to water. 
The tritium product from this process may be fed 

110 to a small electrolysis cell and the hydrogen 
produced is dried and deoxygenated before it is 
fed to a cryogenic hydrogen distillation column for 
final enrichment. Alternatively, a fraction of the 
hydrogen stream to the enricher column could be 

115 dried deoxygenated and fed to the cryogenic 
distillation column. The product could also be 
withdrawn from the liquid electrolyte of the cells 
or from the water in those cells which incorporate 
a solid electrolyte. 

120 Referring to figure 2 a flow diagram for the 

process adapted for removal of tritium from heavy 
water is shown. The tritiated liquid heavy water is 
fed to the top of the enricher 10. A burner 17 
recombines the 0 082 and hydrogen gas outputs 

125 to provide a D20 product output and reflex liquid 
water to stripper 14. In this system, the hydrogen 
water separation factor, a c in enricher 10 and the 
stripper 14 is small, e.g. 1.66 at 25°C and the L/G 
ratio of the stripper is governed by the amount of 

130 stripping required and the separation factor. 
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Practical L/G values lie in the range of 0.4 to 0.7. 
The electrolytic D/T separation factor, ctE, also 

smaller in this case and has values ranging from 
about 1.3 to 2 depending on electrode material 

5 and operating conditions. Because a stripper 
column is required, the number of times the 
tritiated heavy water feed must be electrolysed is 
about 1.7 to 3.5 times and in the example shown, 
it is electrolysed 3.0 times. Because the 

10 separation factors a c and crE are much smaller for 
the tritium-deuterium system compared to the 
tritium-protium system, tritium recovery from 
heavy water is more difficult. Thus, in a single 
stage, the overall enrichment factors are smaller 

15 e.g. 100 to 5000 as compared to 106 to 10s for 
tritium recovery from light water. 

In the above descriptions, the output is taken 
from the water stream returning from the drier to 
the ceil. Alternatively, an output could be taken 

20 from the hydrogen gas stream passing from the 
dehumidifier-scrubber to the enricher as shown 
by line 21 in both figures. 

Claims 
1. Apparatus for removal of tritium from light 

25 and heavy water comprising: 
a) a catalyst isotope exchange column enricher 

with hydrogen gas and liquid water passing 
therethrough in countercurrent isotope exchange 
relationship, 

30 b) an electrolysis cell having an anode side and 
a cathode side and a separator therebetween, 

c) a dehumidifier-scrubber, 
d) means for passing the liquid water enriched 

in tritium from the catalyst column through the 
35 dehumidifier-scrubber to the electrolysis cell, 

e) means for passing the hydrogen gas evolved 
in the cathode side of the cell through the 
dehumidifier-scrubber to the catalyst column, said 
dehumidifier-scrubber adapted to adjust the 

40 humidity of the tritium depleted hydrogen gas to 
the conditions prevailing in the enricher, to bring 
the tritium concentration of the water vapor in the 
gas stream in isotopic equilibrium with the liquid 
water from the enricher, and to transfer any 

45 entrained electrolyte in the hydrogen gas to the 
downflowing water stream, 

f) a stripper, 
g) means for passing the hydrogen gas from 

the catalyst column through the stripper to an 
50 output, 

h) means for passing liquid water feed through 
the stripper to the catalyst tower, said stripper 
adapted to reduce the tritium content of the 

• already depleted hydrogen by transferring the 
55 tritium to the countercurrent stream of liquid 

water, 
i) means for introduci g the riiaed aaer feed to 

the upper portion of the catalyst column, 
j) a gas drier, 

60 k) means for taking the oxygen gas evolved in 
the anode side of the electrolysis and highly 
tritiated water vapor from the cell and passing it 
through the gas drier to remove the water, 

I) means for returning this water to the cell, and 

65 m) means for taking a tritium product from the 
system. 

2. Apparatus as in claim 1 wherein the means 
for taking a tritium product is means for taking a 
portion of the water from the oxygen gas drier and 

70 passing to an output. 
3. Apparatus as in claim 1 wherein the means 

for taking a tritium product is means for taking a 
portion of the hydrogen gas stream between the 
dehumidifier-scrubber and the enricher and 

75 passing to an output. 
4. Apparatus for removing tritium from light 

water as in claim 1 further comprising a vapor-
liquid equilibrator, means for introducing a natural 
liquid water input to the equilibrator, means for 

80 passing the hydrogen gas from the stripper to the 
equilibrator, said equilibrator adapted to bring the 
tritium concentration of water vapor in the gas 
stream into isotopic equilibrium with the natural 
water input, means for passing the liquid water 

85 from the equilibrator to the stripper, and means 
for passing the tritium depleted hydrogen gas 
from the equilibrator to an output. 

5. Apparatus for removing tritium from heavy 
water as in claim 1 further comprising a burner for 

90 recombining oxygen and hydrogen, means for 
passing the hydrogen gas from the stripper to the 
burner, means for passing a portion of the 
recombined water from the burner to the stripper, 
and means for returning the remaining portion of 

95 the recombined water depleted in tritium to the 
source. 

6. A method of removing tritium from tritiated 
light or heavy water, which comprises 
countercurrently contacting the tritiated light or 

100 heavy water in an enrichment zone containing an 
isotope exchange catalyst with a stream of 
gaseous hydrogen produced by electrolysis of an 
aqueous electrolyte thereby to enrich the tritiated 
feed water with further tritium from the 

105 electrolytic hydrogen gas, passing the tritium 
enriched water from the enrichment zone to an 
electrolytic cell and electrolysing the tritiated 
enriched water therein to produce said stream of 
hydrogen gas, recovering from the enrichment 

110 zone a tritium depleted hydrogen output stream, 
and recovering from the electrolytic cell a tritium 
enriched product water stream, and/or a slip 
stream of said electrolytic hydrogen gas as a 
tritium enriched product hydrogen stream. 

115 7. A method according to claim 6, wherein, 
prior to passage through the enrichment zone, the 
stream of electrolytic hydrogen gas from the 
electrolytic cell is passed through a dehumidifier-
scrubber in countercurrent contact with the 

120 enriched tritiated water stream from the 
enrichment zone, thereby to adjust the humidity of 
the electrolytic hydrogen gas stream to conditions 
prevailing in the enrichment zone, to bring the 
tritium concentration of water vapour in the 

125 electrolytic hydrogen gas stream into equilibrium 
with water from the enrichment zone, and to 
transfer any entrained electrolyte from the 
electrolytic gas stream to the enriched tritiated 
water stream. 
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8. A method according to claim 6 or 7, wherein 
there is recovered from said electrolytic cell an 
anodic gas stream comprising oxygen and 
tritiated water vapour and wherein said anodic 

5 gas stream is treated to condense said tritiated 
water vapour to provide a recycle electrolyte 
stream which is returned to the electrolytic cell 
and wherein part of said recycle stream is 
withdrawn as said tritiated water product. 

10 9. A method according to claim 6 ,7 or 8, 
wherein the tritium depleted hydrogen gas stream 
from the enrichment zone is subsequently passed 
to a stripping zone and countercurrently 
contacted therein with a substantially tritium-free 

15 water stream in the presence of a further quantity 
of isotope exchange catalyst to produce hydrogen 
output stream substantially free of tritium, and 
passing the water stream from the stripper to the 
enrichment zone concurrently with tritiated water 

20 feed. 
10. A method according to claim 9, wherein 

the tritiated water feed is a light water feed and 
the water stream fed to the stripper is a stream of -
natural water. 

25 11. A method according to claim 10, wherein 
the stream of natural water is equilibrated with 
the product hydrogen gas stream from the 
stripper prior to passage through the stripper. 

12. A method according to claim 9, wherein 
30 the tritiated water feed is a heavy water feed and 

the water stream fed to the stripper is a heavy 
water stream. 

13. A method according to claim 12, wherein 
the product hydrogen gas stream from stripper, 

35 being a substantially tritium free deuterated 
hydrogen stream, is burned in a combustor to 
produce said heavy water stream to the stripper. 

14. A method according to claim 13, wherein 
part of the heavy water stream from the 

40 combustor is recovered as a process product. 
15. A method according to claim 13 or 14, 

wherein the deuterated hydrogen stream from the 
stripper is burned in the presence of anodic 
oxygen recovered from the electrolytic cell. 

45 16. A method according to claim 6, 
substantially as hereinbefore described with 
reference to Fig. 1 or 2 of the accompanying 
drawings. 

17. Apparatus for the removal of tritium from 
50 tritiated light or heavy water comprising 

a) an enrichment column containing or 
chargeable with an isotope exchange catalyst; 

b) means for feeding a tritiated light or heavy 
water feed and a gaseous hydrogen stream 

55 countercurrently through the enrichment column; 
c) an electrolytic cell comprising a cathode 

compartment and an anode compartment and a 

separator therebetween; 
d) means for feeding a tritium enriched water 

60 stream from the enrichment column to the 
electrolytic cell for electrolysis therein and means 
for feeding an electrolytic hydrogen stream from 
the cathode compartment of the electrolytic cell 
to the enrichment zone for countercurrent contact 

65 therein with the tritiated light or heavy water 
feed; and 

e) means for recovering a tritiated product from 
the system. 

18. Apparatus according to claim 17 
70 comprising a 

f) dehumidifier-scrubber connected between 
the enrichment zone and the cathode 
compartment of the electrolytic cell for 
countercurrent contact of the electrolytic gas 

75 stream with the tritium enriched water stream 
from the enrichment column prior to feeding 
respectively to the enrichment column and the 
electrolytic cell. 

19. Apparatus according to claim 17 or 18, 
80 comprising 

g) a stripping column containing or chargeable 
with a further quantity of isotope exchange 
catalyst, 

h) means for feeding a tritium depleted 
85 hydrogen gas stream from the enrichment zone 

through the stripping column countercurrently to 
a stripping water stream, and 

i) means for feeding the stripping water stream 
from the stripper to the enrichment column 

90 cocurrently with the tritiated light or heavy water 
feed. 

20. Apparatus according to any one of claims 
17-19 comprising 

j) a drier-condenser, 
95 k) means connecting the drier-condenser to the 

anode compartment of the electrolytic cell for 
delivery to the drier-condenser of a mixed anodic 
oxygen gas and water vapour stream, 

I) means connecting the drier-condenser to the 
100 electrolytic cell for recycle of a condensed 

electrolytic stream, and 
m) means for taking part of the recycle 

electrolyte stream as the said tritiated product. 
21. Apparatus according to claim 19 or claim 

105 20 as dependent thereon being apparatus for 
recovering tritium from tritiated heavy water 
comprising n) a burner for burning deuterated 
hydrogen gas from the stripper, and 
o) means for passing heavy water from the burner 

110 to the stripper as said stripping water stream. 
22. Apparatus according to claim 17 

substantially as described with reference to Fig. 1 
or 2 of the accompanying drawings. 
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