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ABSTRACT 
A system for separation of tritium from protium 

based on selective multiphoton dissociation of 
trifluoromethane is under development. In addition to 
the selective multiphoton dissociation process, 
processes have been demonstrated for transfer of 
tritiun from a water feed to the trifluoromethane 
process gas and for the separation of the tritiated 
dissociation product from the trifluoromethane after 
the laser dissociation cell. A simple dissociation 
cell design employing waveguiding of laser radiation 
in hollow cylindrical dielectrics has been tested. 
Work is continuing to integrate the experimental data 
into a computer model of the complete detritiation 
system which will allow us to determine if this 
process can provide the basis for low cost, low 
inventory tritiun separation facilities. 

INTRODUCTION 
Interest in trifluoromethane as the basis for 

hydrogen isotope separation processes was first 
aroused with the discovery of the highly deuterium 
selective multiphoton dissociation of this molecule at 
wavelengths around 10.2 uml.2. Following this 
discovery, work was performed at a number of 
institutions to further characterize the dissociation 
process, and to develop methods for integration of the 
selective dissociation process into a complete 
production process for deuterium^-B. 

In view of this previous work, trifluoromethane 
was a natural candidate to consider for tritium 
separation processes. Theoretical and experimental 
studies of the spectra of this molecule showed that 
strong absorption was present in the CF3T molecule 
around 9.2 um, a region in which the CF3H molecule was 
relatively transparent^»^. Subsequently, experiments 
showed that on irradiation with a COj laser at this 
wavelength, the probability of dissociation of a CF3T 
molecule could exceed that of CF3H by more than 10*, 
confirming that this molecule could indeed form the 
basis for a tritium from protium separation system3-!. 

PROCESS INTEGRATION 
Integration of the selective multiphoton 

dissociation into a complete tritium separation system 
requires several additional process steps. The 
essential elements of such a system, shown 
schematically in Figure 1, are as follows: 
a) An exchanger, where tritiated water (the 
feedstrean in most applications) transfers its tritium 
to trifluoromethane. 
b) A laser dissociation cell, where the isotopically 
selective dissociation takes place. 
c) A separator, where the tritiated dissociation 
products of the laser dissociation cell are chemically 
separated from the remaining trifluoromethane, 

yielding detritiated trifluoromethane which can 
recycled to the exchanger. 
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FIGURE 1 
LASER TRITIUM SEPARATOR SCHEMATIC 

The current status of the methods proposed 
these operations are summarized below. 

for 

EXCHANGER 

The exchanger un i t consists of two par ts : the 
tr i f luoromethane exchanger, where the tr i f luoromethane 
is r e t r i t i a t e d p r io r to laser d issociat ion by contact 
w i th a t r i t i u m bearing water/sodium hydroxide mixture, 
and the l i q u i d regenerator (see below) where the 
t r i t i um-s t r i pped water/sodium hydroxide solut ion from 
the tr i f luoromethane exchanger is recharged with 
tr i t ium-contaminated water, whi le recycl ing the sodium 
hydroxide ca ta lys t . 

The equations 1 ' describing the operation of the 
sodium hydroxide-catalyzed w a t e r / t r i f l uoromethane 
exchange section of a laser d e t r i t i a t i o n plant are the 
fo l lowing: 

CF3H + OH" —• CF3- + H2O 

CF3- + HTO —- CF3T + 0H-

(1) 
(2) 

The rate of reaction (1) is slow at temperatures 
below 100°C, which would lead to a large, high 
inventory exchange tower. However, in the analogous 
reactions involving deuterium, it has been shown that 
addition of dimethyl sulphoxide to the water can 
increase the rate of this reaction by several orders 
of magnitude, leading to an acceptable size for the 
exchange tower. 

Although the addition of dimethyl sulphoxide to 
the water leads to an acceptable rate for the water-
trifluoromethane exchange reaction, the presence of 
dimethyl sulphoxide in tritium-containing solutions 
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gives rise to other problems. In particular, by a 
series of exchange reactions similar to (1) and (2), 
the hydrogen on the dimethyl sulphoxide can exchange 
with the hydrogen on the tritiated water, leading to 
tritiated dimethyl sulphoxide. Although dimethyl 
sulphoxide exhibits excellent temperature stability, a 
small amount will decompose under the conditions of 
the trifluoromethane exchange tower, and the decom
position products will be gaseous, tritium-containing 
compounds. We are concerned that these products will 
be difficult to contain and may be a possible pathway 
for tritium release. 

In order to avoid these difficulties, we are 
exploring the possibility of performing the 
trifluoromethane exchange without dimethyl sulphoxide 
but at high temperatures {> 110°C). Work on the rate 
of hydrogen-isotope exchange has indicated that the 
reaction is fast enough at these temperatures to be 
economically feasible**. However, as the temperature 
is increased, the rate of trifluoromethane hydrolysis 
also increases. It will be necessary to measure this 
hydrolysis rate as a function of temperature to 
determine the optimum operating temperature where the 
exchange rate is fast enough to be practical, but the 
hydrolysis is not sufficiently rapid to cause 
excessive decomposition of the trifluoromethane. 
Preliminary work has indicated that a reasonable 
trade-off between these two processes can be made at 
around 120°C6. 

The second process within the exchanger unit is 
retritiating the water/sodium hydroxide solution that 
leaves the trifluoromethane exchange tower. One 
approach is to use conventional distillation methods 
to remove the tritium-depleted water from the sodium 
hydroxide before adding tritium-rich water. A 
problem with this method is that the sodium hydroxide 
will salt out in a distillation column, resulting in 
an expensive process. 

As a solution to this problem, we have proposed 
that a process known as "exchange liquid regeneration" 
be adopted. This technique is shown schematically in 
Figure 2. The exchange liquid {consisting of water 
and sodium hydroxide) leaving the exchange tower is 
passed to a second tower where it is contacted with 
feed steam in a countercurrent process. As the 
exchange liquid passes down this tower it picks up 
tritium from the feed and exits at the bottom. 
Meanwhile the steam gradually loses tritium as it 
passes up the tower and exits at the top. In this 
way, the tritium content of the exchange liquid is 
replenished without ever separating the exchange 
liquid into its component parts. The major advantage 
is that the exchange liquid does not change its sodium 
hydroxide concentration, and therefore precipitation 
problems are avoided. This type of gas-liquid 
exchange is similar to a number of conventional 
separation techniques1'5 and has been demonstrated to 
work in our laboratory. 

LASER DISSOCIATION CELL 
The fundamental problem in the design of a 

dissociation cell for this process is the high laser 
fluences (energy/unit area) required for dissociation 
of CF3T. The fluence required, approximately 65 
J/cm2, is in excess of the damage threshold of all 
known mirror materials. Consequently "equi fluence" 
dissociation cells, in which the laser radiation is 
constrained to make multiple passes by complex 
aspheric mirrors to give a large volume in which the 
fluence is close to the optimum for the dissociation 

process1-3, are not feasible for this application. 
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FIGURE 2 
APPARATUS FOR EXCHANGE LIQUID REGENERATION 

To increase the volume in which high fluences 
occur without running into mirror damage problems, we 
have been testing the use of pyrex capillary tubes as 
waveguides for the laser radiation as shown in Figure 
3. Use of such a device traps the laser beam and 
creates an extended region of high fluence where 
dissociation can occur. Since the electric field in 
the waveguided modes is zero to first order at the 
capillary walls laser damage problems are avoided by 
use of such devices. 

Free space radiation can be coupled into such 
waveguides with efficiencies above 98X 1*, and once the 
waveguide modes have been excited their losses per 
unit length of waveguide can be very small^. (For 
instance, at wavelengths around 10 urn the lowest loss 
mode in a pyrex waveguide of 1 mm radius has an 
absorption coefficient of approximately 0.046/m.) 
Consequently the use of such a waveguide cell does 
not lead to large losses of laser photons. 

Theoretical calculations of the number of photons 
consumed per tritium atom separated from a CF3H stream 
initially tritiated at 1 ppm are plotted against laser 
pulse energy in Figure 4. For comparison purposes, 
results are shown for waveguide cells in which the 
waveguide section has been chosen to be of optimal 
length and for "conventional" cells, in which the 
laser pulses enter the cell as a converging beam of 
large radius, come to a focus within the cell, and 
exit the cell as a large diameter diverging beam. The 
graphs show that the waveguide cell is superior to the 
conventional cell by approximately an order of 
magnitude for all input pulse energies in the range 
0.1 to 200 J. 

Experimental studies of waveguide cells have been 
performed on the removal of both CF3D and CF3T from 
CF3H. In the CF3D experiments, enhancements in yield 
up to 2 orders of magnitude were found compared to 
previous experiments using similar pulse energies in 
conventional cells. In experiments on CF3T removal, 
up to 40% of the tritium in a sample initially trit
iated at the 0.2% level has been removed in a single 
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FIGURE 3 
WAVEGUIDE DISSOCIATION CELL 

pass through a 20 cm long waveguide dissociation cell. 
In this experiment the gas flow rate and laser 
repetition rate were set so that on average each 
molecule was exposed to two laser pulses while passing 
through the cell. Even greater depletions can be 
achieved by increasing the number of pulses. 

are generally unaffected. Such a scheme 
adapted to the removal of TF from CF3H: 

can be 

Conventional Cell 
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FIGURE 4 
CALCULATIONS OF PHOTONS/DISSOCIATION FOR REMOVAL 

OF 1 PPM CF3T FROM CF3H 

SEPARATOR 
The separation of the tritiated products of the 

laser dissociation is simplified because the breakup 
of trifluoromethane occurs through only one channel 
and because the products in that channel do not react 
with the trifluoromethane or each other: 

CF3T + (laser energy) —• :CFg + TF 
:CF2 + :CF2 - ~ C 2 F 4 

The TF product is highly reactive and may be 
converted to other compounds in reactions with 
construction materials. However, use of TF compatible 
materials such as Teflon coated piping will allow the 
TF to survive in its original form. 

The separation of HF from hydrocarbon streams is 
a common chemical engineering problem encountered in 
the manufacture of fluorinated hydrocarbons. The 
standard method for achieving such a separation is the 
use of a bed of sodium fluoride. The HF is strongly 
absorbed by such a bed, while halogenated hydrocarbons 

TF + NaF •NaTT2 
CF3T + NaF -— no reaction 
The tritiated product absorbed on the bed can be 

recovered later by heating. 
Although this method is well known, the degree of 

TF removal required in the detritiation process is 
much greater than is generally required for HF cleanup 
in a halogenated hydrocarbon plant. Consequently we 
have investigated the performance of MaF beds in 
removing very low levels of hydrogen fluoride from 
nitrogen. Extrapolations from our results suggest 
that cooling of the NaF bed to approximately 0 °C or 
below will be required to allow the removal of TF 
down to the parts per billion level. 

FUTURE WORK 
Although the basic steps in a laser-

trifluoromethane detritiation system have now been 
worked out, work remains to be done in several areas: 
a) Exchange. The high temperature, no dimethyl 
sulphoxide option for the exchange tower needs to be 
examined more carefully. In particular, the effects 
of increased temperature on trifluoromethane 
hydrolysis must be assessed. In addition to the costs 
of increased trifluoromethane consumption, the effects 
of the hydrolysis products on trifluoromethane solubi
lity, and the difficulties in removing the 
decomposition products from the sodium hydroxide 
solution may be important. Experiments are in 
progress to quantify these effects. 
b) Laser Dissociation Cell. Although 9.2 urn is a 
promising wavelength for T/H separation, no similar 
region for T/D separation can be found in the region 
of operation of the cheap efficient COj laser (9-11 
um). However, selective absorption for T/D 
separation is expected to be found at 5.2 um, a region 
which is accessible with a CO2 laser which has been 
frequency doubled in a non-linear crystal. 
Interestingly, this wavelength region also looks 
promising for T/H separation, so that by using this 
wavelength a universal system for separation of T from 
the other hydrogen isotopes might be feasible. 
Experiments are in progress to examine the spectral 
and dissociation properties of the trifluoromethane 
molecule at this wavelength to check out this 
possibility. 

c) Separator. Although extrapolations of the work 
we have performed so far imply that cooling the NaF 
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bed to low temperatures will give acceptable removal 
of the TF product, this has not been proven due to 
difficulties in measuring very low levels of TF. 
Experiments are planned using improved instrumentation 
to extend our previous work to lower temperatures to 
check the extrapolations. 

d) Computer Modelling and Costing. To fully assess 
the commercial potential of this laser detritiation 
system, a complete picture of the flow rates, sizes of 
components, etc. in a real plant is required. To meet 
this need, a computer model of the laser detritiation 
system is being developed. With this model we will be 
able to understand the interactions between the 
performance of the various units in the system, and 
derive optimal specifications for plants designed to 
detritiate input streams of a variety of sizes and 
specific activities. 
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