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(54) Reprocessing of spent plasma 

(57) A process for removing helium 
and other impurities from a mixture 
containing deuterium and tritium, 
comprises the following steps: sep-
arating the isotopes of hydrogen 
from the impurity by catalytic oxida-
tion; condensing out the oxides 
H20, D20 and T20 thus formed; 
separating by electrolysis a portion 
of the said oxides in an electrolytic 
cell in order to produce a protium-
rich portion; distillating the protium-
rich portion to separate deuterium 
and tritium oxides from a distillate 
rich in water; and electrolysing the 
condensate of the distillation step 
and the non-electrolysed portion of 
the first electrolysing step in order 
to form a mixture of deuterium and 
tritium. 

Preferably the impure mixture of 
deuterium and tritium is a waste 

product of a fusion reactor and the 
purified deuterium-tritium mixture is 
recycled to the reactor. 

The drawing originally filed was informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

Reprocessing of spent plasma 

5 The present invention relates to a process for 
removing helium and other impurities from a 
mixture containing deuterium and tritium. 
More particularly the present invention relates 
to the purification of spent plasma from its 

10 impurities in such a way as to recover deuter-
ium and tritium in gaseous form for injection 
continuously or batch-wise into a fusion reac-
tor. 

The prior art is generally concerned with the 
15 purification of plasma continuously whilst it is 

in a gaseous form throughout. The principal 
steps of these known processes comprise the 
separation of deuterium and tritium by cryoad-
sorption methods, the H2 isotopes-separation 

20 by distillation at low temperatures, e.g. 20 to 
25°K, and the storage and injection of the 
plasma into the fusion reactor. The equipment 
needed for such processes is very expensive 
and extremely bulky. It is expected to occupy 

25 approximately 3000m3 of building space. In 
the case of an accident, safety rules require 
auxiliary installations for the clean-up of the 
volume of the building occupied by the equip-
ment. These installations are very expensive 

30 and require several days of continuous opera-
tion in the case of a serious accident, for 
instance the release of all of the tritium 
stored. The cost of the overall plant would be 
about 12 million dollars (1978), not including 

35 the cost of the building itself. 
The most representative report about the 

design of such a plant is the report LA-6855-
P of J.L. Anderson and R.M. Sherman. The 
loop in that plant is designed to handle 500 

4 0 moles per day of DT. 
A similar feasibility study carried out by 

Snia-Techint of Rome has given a higher cost, 
even when the processing rate of DT is re-
duced to about one half. Another purification 

45 method is described and claimed in our 
United Kingdom Patent Application No. 
7 902259 which is similar to the present 
invention but has some inconveniences, such 
as the relatively high tritium inventory and the 

50 applicability of the process to a reduced type 
of fusion reactor. 

This present invention relates to a process 
for removing helium and other impurities from 
a mixture containing deuterium and tritium, a 

55 deuterium/tri t ium mixture when purified in 
accordance with such a process and, more 
particularly, to a process for the reprocessing 
of spent plasma removed from a thermofusion 
reactor. 

60 The process of the present invention is 
applicable to any plasma formed by mixtures 
of deuterium and tritium contaminated by the 
helium produced in accordance with the fol-
lowing fusion reaction: 

D + T = 4He + neutron 

Other impurities will probably also be present 
in the plasma stream such as CO, C02, N2, 

70 NO, N02 , N(D,T)3, C(D,T4) and C2(D,T)6 with a 
total concentration of about 2 to 3%. Even 
protium is expected to be present at a concen-
tration of about 1 % together with some mi-
crotraces of 3He. 

75 All these impurities originate from many 
factors, of which the major ones are material 
degassing phenomena, air infiltration (even if 
only in micro-quantities), and some neutron 
reactions. 

80 The prior art is replete with disclosures 
relating to the treatment of deuterium and 
tritium mixtures containing the above-men-
tioned impurities which are expected to accu-
mulate in a real fusion burn. 

85 Two disclosure form the basis of the known 
processing designs for such a fuel cycle. In 
the first one it is assumed that recourse can 
be made to extremely costly and very ad-
vanced procedures such as selective impuri-

90 ties cryogenic separation and hydrogen-iso-
tope cryogenic distillation. The overall dimen-
sions of such process units and the other units 
related to the overall process require a large 
facility for their containment. Moreover, in 

95 order to comply with safety rules it is a 
compulsory requirement to have an emer-
gency tritium clean-up system in case of an 
accident. This system depends notably on the 
atmosphereic volume of the plant. For this 

100 reason, a large investment and high running 
costs are demanded in order to maintain the 
release of tritium into the atmosphere below 
the present levels which are now becoming 
more and more strict. 

105 The second processing design stems from 
the discovery of a process which allows for 
the complete cycling of the fuel. This process 
comprises the removal of exhaust plasma and 
its impurities out from the fusion reactor, the 

110 purification of the hydrogen from helium and 
impurities, the oxidation of the hydrogen iso-
topes to their oxides, their distillation to re-
move the non-tritium oxide-containing water 
and a mixture of deuterium/tri t ium oxides, 

115 their electrolysis to D2 and T2, and lastly the 
final injection thereof into the toroidal cham-
ber of the reactor after their molar composi-
tions have been correctly adjusted. With re-
spect to the former known process, this latter 

120 known process should reduce the containment 
problems, meet the safety requirements and 
constraints better, and reduce the volume of 
the overall plant, which in turn will reduce the 
cost of the system required for the smaller 

125 tritium clean-up emergency system. 
On the other hand, the trit ium inventory of 

this latter known process seems to be greater 
than that of the former known process, and 
also its application finds some difficulties 

130 when the plasma is heated by deuterium 
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neutron beams because the water and tritium-
contaminated deuterium stream require either 
a complementary purification system or the 
use of a larger column which of course in-

5 creases the tritium inventory. 
In accordance with the present invention, 

there is provided a process for removing he-
lium and other impurities from a mixture 
containing deuterium and tritium, which proc-

10 ess comprises the following steps: separating 
the isotopes of hydrogen from the impurity by 
catalytic oxidation; condensing out the oxides 
H20, D20 and T 20 thus formed; separating by 
electrolysis a portion of the said oxides in an 

15 electrolytic cell in order to produce a protium-
rich portion; distillating the protium-rich por-
tion to separate deuterium and trit ium oxides 
from a distillate rich in water; and electrolys-
ing the condensate of the distillation step and 

20 the non-electrolysed portion of the first elec-
trolysing step in order to form a mixture of 
deuterium and tritium. 

Preferably the process comprises the steps 
of: oxidising all of the hydrogen isotopes by a 

25 catalytic reactor with subsequent separation of 
the impurities; partially electrolysing the triti-
ated water until more than 60% of the pro-
t ium is electrolysed with some deuterium and 
trit ium; distilling this small amount of 

30 (H,D,T)20 to recover a mixture of (D,T)20 
which is fed to a second electrolytic cell 
together with the unelectrolysed mixture of 
(D,T)20; and recycling the oxygen to the first 
catalytic reactor and deuterium-tritium mixture 

35 to the torus after its equilibration. 
The impurities stream from the first catalytic 

reactor contains some deuterium and trit ium 
combined with some chemical compounds 
such as, for example, N(H,D,T)3 and 

40 C(H,D,T)4. These compounds are decomposed 
in a catalytic reactor at 300 to 500°C and the 
tritiated water collected and recycled to the 
principal stream. The tritium-free impurities 
(10 _ 3 Ci /m 3 ) not absorbed by molecular sieve 

45 driers are vented. Preferably the distillation 
column works under pressure in order to 
obtain higher separation factors among the 
oxide species and continuously to remote the 
gases (T 2 -D 2 -H 2 -0 2 ) formed by radiolysis. 

50 The ideal operating conditions (pressure, tem-
perature etc.) are dependant on many factors, 
in particular on the relative volatilities and 
vapour rates in the distillation column. Usu-
ally, for most situations the temperature will 

55 vary from 20 to 70°C. The electrolytic cells 
use particular ionic membranes resistant to 
radiation, which allow high separation factors 
(of more than 20 for protium and deuterium 
and of around 2 for deuterium and tritium). 

60 They generally comprise asbestos impreg-
nated with copolymers such as S-DVB-AA, 
S -SVB-AA, and S-DVB-sulfomate. 

The liquid elecrolyte, which preferably com-
prises an alkaline solution of KO(D,T) in 

65 (H,D,T)20, is sprayed as an aerosol into the 

very small anodic volume of the cell. H2, D2 

and T2 are given off at the cathode by passing 
through the ionic membrane in a selective 
manner. 

70 By operating in this way the tritium inven-
tory is very small and the cathodic stream is 
highly enriched with the lighter H2 isotope. 

In any even, if other alkaline solutions or 
ionic membranes are used and the electrolyte 

75 stream is in liquid phase, the process is al-
ways feasible, unless an increased tritium in-
ventory and the purification of the hydrogen 
isotopes stream from oxygen also become 
necessary. 

80 The present process is applicable to all 
tr i t ium/deuterium fusion reactors regardless 
of their operational modes, i.e. whether con-
tinuous or pulsed. In the former case, how-
ever, it is quite difficult to calculate the 

85 amount of tr it ium and deuterium to be proc-
essed per day, because it depends on differ-
ent technical procedures (e.g. the use of diver-
tor or cold gas blankets, etc.). 

One embodiment of the present invention 
90 will now be described, by way of example, 

with reference to the accompanying drawing 
which shows diagrammatically a spent plasma 
reprocessing system. 

In the following description, some data are 
95 reported. The values given are based on a 

1888MW (th) fusion reactor with a burn 
t ime/burn + dwell time ratio of 0 .78 and a 
burn-up of 20% which corresponds to a fuel 
processing rate (DT) of 2.57 g /m in . 

100 From the toroidal chamber - 1 - of the fu-
sion reactor, the exhaust plasma containing 
the impurities and 4He in a variable concentra-
tion depending on the burn-up, is pumped out 
via flutter valve - 2 - and line - 3 - to cryosorp-

105 tion pump - A - ; since the cryosorption pump 
is saturated, the gas condensed and absorbed 
therein is released by heating and transferred 
by a diaphragm or double bellows pump 
- B 1 - by means of lines - 4 - and - 5 - to a 

110 ballast tank - C - . 
The principal stream, comprising DT and its 

impurities is fed by means of line - 6 - to an 
oxidising catalytic reactor - D 1 - , operating at 
room temperature, where, in the presence of 

11 5 an excess of oxygen, the stream is almost 
completely transformed into H 2 0, D 20 and 
T20. These oxides are condensed in - F 1 - and 
that which is not oxidised will be recycled by 
means of pump - B 2 - through line -1-. 

120 Different types of catalysts can be used. 
Usually they are small pellets, on whose sur-
face platinum, palladium or CuO have been 
deposited. Another catalyst which can be used 
is the commercially trade named Hopcalite. 

125 The unoxidised portion containing traces of 
the hydrogen isotope combined with impurity 
elements such as, for example, carbon and 
nitrogen, cannot be released into the atmo-
sphere, but must be treated in order to re-

130 cover the tritium therein. For this purpose the 
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stream is recycled to another oxidising cata-
lytic reactor - D 2 - , operating at a temperature 
of around 500°C, then to a condenser - F 2 - , 
and then to a molecular sieve drier system 

5 - H 1 - , via lines - 8 - - 9 - , - 1 0 - , - 1 1 - and 
- 1 2 - until the tritium activity of the impuri-
ties is below 10~3 Ci /m3 . At this point the 
gas is fed to a chimney. Even the gases 
formed in the distillation column (in particular 

10 H „ D2, T2 and 02) due to radiolysis are treated 
in this loop via lines - 1 3 - , - 1 4 - and - 1 5 - . 
The material which is condensed in - F 2 - is 
collected and fed to the sprayer - G 1 - by 
means of the line - 1 0 - . 

15 The above-mentioned oxides condensed in 
- F 1 - are fed to the sprayer -C1 - which 
recycles them in the form of an aerosol to the 
anodic volume of the electrolytic cell - M 1 
by lines - 1 7 - and - 1 8 - , until a portion of 

20 the oxides dissolved in KO (D,T) or another 
alkaline compound, is electrolysed so that 
about 60% of the protium therein is separated 
from the feed mixture. 

In the case of a separation factor of 20 
25 between protium and deuterium (experimen-

tally demonstrated) an electrolysis of 5.45% 
of the oxides is sufficient to meet the pro-
posed separation specification. In this case a 
mixture of 21% H2, 52.6%D2 and 26.4%T2 is 

30 oxidised in the catalytic reactor until complete 
reaction is achieved by recycling the gas. The 
oxides species are then cooled in - L 2 - and 
fed to the distillation column - P - . The non-
electrolysed portion is heated and recon-

35 densed at L1 in the sprayer container - C 2 - , 
and, together with the collected condensate 
from the distillation column, is fed into the 
electrolytic cell - M 2 - for electrolysis of the 
hydrogen isotope molecular species. The oxy-

4 0 gen produced is recycled by means of line 
- 1 9 - to the first oxidising catalytic reactor 
because it may contain some tritium formed 
by radiolysis; while the DT mixture, by means 
of lines - 2 0 - , - 2 1 - , - 2 2 - , - 2 3 - , - 2 4 - and 

45 - 2 5 - , is dried in the molecular sieve system 
and is stored prior to equilibration for the re-
injection to the torus. 

The column works under vacuum at a tem-
perature varying from 20 to 70°C. In this 

50 particular example, a temperature of about 
45 °C has been optimised in order to meet the 
best conditions for a tritium inventory of only 
a few grams. The distillate, consisting essen-
tially of H20, D 20 and a small amount of T20 

55 (10~2%), is fed to a waste treatment and 
disposal system. This could be a multistage 
electrolytic cell in order to recover, if neces-
sary, the enriched portion of tritium oxide and 
to feed it back again to the distillation col-

60 umn. 
The distillation column has been designed 

according to the projected characteristics of 
the fusion reactor, taking into consideration 
the specification of the distillate which cannot 

65 contain more than 10~2% of tritium. If the 

plasma is heated by some means other than 
the deuterium neutron beam injector system, 
such as rad ofrequency or adiabatic compres-
sion, the dimensions of the column can be 

70 very small: about 1 cm. diameter and 2m 
high, the number of actual plates being about 
140. In this case, the trit ium inventory is 
significant. When deuterium is heated by a 
neutron beam system and is to be purified, 

75 the same column can accomplish its objective, 
by increasing its diameter to 5 to 6 cm, whilst 
still maintaining the trit ium inventory at a very 
low level since it is presumed that the tritium 
content of the deuterium will be of the order 

80 of several parts per thousand (e.g. 0.1%). 
In an alternative embodiment (not shown), 

upstream of the catalytic reactor (D1), a palla-
dium/silver membrane system can be placed 
if some impurity is expected to contaminate 

85 the fuel and will be difficult to remove from 
the tritiated water. The same system can even 
replace the actual catalytic reactor (D1). 

The advantages of the specific embodiment 
of the present invention are the following: 

90 — Considerable reduction in the cost of 
the plant (about 10 times or more); 

— Reduced volume of containment of the 
plant of about 10 times. This fact 
notably reduces the cost of the emer-

95 gency clean-up system, which is re-
lated not only to the building space to 
be treated but also to the low inven-
tory of tritium. Most of the trit ium is in 
liquid form as its oxide and its contain-

100 ment is easy to achieve. 
— The plant is very reliable. In fact, if 

necessary, it is possible to increase the 
capacity or the performance of any 
unit without significantly increasing 

105 the overall cost and volume of the 
plant, it being a rather cheap and 
small installation. 

The plant is particularly safe because, as we 
have noted, only a small portion of the plant 

110 handles gaseous hydrogen isotopes and in 
most cases its concentration is less than 1%. 
For these reasons the low concentration signi-
ficantly reduces the hydrogen isotopes which 
can permeat through the containment mo-

115 dules. Since these modules are small, it is 
both possible and inexpensive to construct an 
installation for the continuous clean-up of an 
inert atmosphere contained in the modules. 

The tritium inventory is very small, and so 
120 is tritium emergency clean-up system which is 

one of the more expensive units of the plant. 
The process can be applied to any type of 

fusion reactor. In some particular cases, for 
instance when the plasma is heated by the 

125 injection of deuterium neutron beam, the puri-
fication of deuterium can be effected in the 
same but larger column without affecting the 
tritium inventory. 

130 CLAIMS 
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1. A process for removing helium and 
other impurities from a mixture containing 
deuterium and tritium, which process com-
prises the following steps: separating the iso-

5 topes of hydrogen from the impurity by cata-
lytic oxidation; condensing out the oxides 
H20, D 2 0 and T 20 thus formed; separating by 
electrolysis a portion of the said oxides in an 
electrolytic cell in order to produce a protium-

10 rich portion; distillating the protium-rich por-
tion to separate deuterium and tritium oxides 
from a distillate rich in water; and electrolys-
ing the condensate of the distillation step and 
the non-electrolysed portion of the first elec-

1 5 trolysing step in order to form a mixture of 
deuterium and tritium. 

2. A process as claimed in claim 1 
wherein the major portion of the protium in 
the form of water is separated from (D,T)20 by 

20 electrolysis using a selective ionic membrane. 
3. A process as claimed in claim 1 or 

claim 3 wherein a minor portion of the oxides 
are separated by distillation under reduced 
pressure. 

25 4. A process as claimed in claim 2 
wherein the water-depleted mixture of (D,T)20 
is electrolysed. 

5. A process as claimed in any one of the 
preceding claims wherein the waste products 

30 from the catalytic oxidation step, from the 
distillation step and from electrolysis steps 
(radiolysis products) are oxidised and ad-
sorbed by a molecular sieve drier system 
before the inactive gases are vented. 

35 6. A process as claimed in claim 3 
wherein the distillate of the said minor portion 
is subjected to complementary purification by 
multi-stage electrolysis in order to recover 
trit ium in any of its diatomic oxide forms; 

40 which recovered tritium is then recycled to the 
oxide distillation step. 

7. A process as claimed in any one of the 
preceding claims wherein most of the process-
ing steps handle tritium in the form of its 

45 liquid oxides. 
8. A process as claimed in any one of the 

preceding claims wherein the impure mixture 
of deuterium and trit ium is a waste product of 
a fusion reactor and wherein the purified 

50 deuterium-tritium mixture is recycled to the 
reactor. 

9. A process as claimed in claim 1 sub-
stantially as hereinbefore described with refer-
ence to the accompanying drawing. 

55 10. A deuterium/tr i t ium mixture when pu-
rified in accordance with a process as claimed 
in any one of the preceding claims. 
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