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ABSTRACT 

Fusion reactors have, in a first stage, to burn an equal mixture of deuterium and 
tritium. The supply of the first of these hydrogen isotope is not a concern but the second 
one, that doesn't exist in large quantities on the earth, has to be produced by the 
Li (n,<X) reaction inside the reactor itself in the breeding blanket. 

It is generally agreed that a commercial fusion reactor, with a net electrical power 
of 1000 MW will burn 450 g of tritium per day. To produce a such large tritium quantity 
in the toroidal geometry of a reactor, accounting for ill the penetrations, impurity 
control systems, etc ... is a real challenge. In addition to that, to maintain in the 
plant a minimum tritium inventory, tritium has to be kept inside the blanket at the 
p.p.m. level. 

An impor-ant factor is the doubling time, i.e. the time required to produce, in 
addition to the tritium burned, enough tritium to be able to supply the initial tritium 
inventory. This impacts directly on the tritium system, in the way that one of the most 
important criteria to select among possible processes for this system is to account for 
the tritium inventory. As much as possible, continuous processes have to be preferred 
to batch processes that always add to the inventory in the way that they require, at 
least, additional tanks and piping. 

An other important aspect, that has to be controlled, is the tritium permeation. 
In all heated parts of the reactor and in the tritium system, tritium permeation through 
walls takes place. In a commercial reactor, with hot first wall and blanket a large tritium 
permeation is unavoidable. Depending of the surface cleanliness condition, tritium 
permeation rate as large as 10 to 100 g/d have been calculated. The immediate implication 
is that the coolant has to be reprocessed to recover this permeation flow. In this area 
again the process selection for the coolant detritiation has to be made in such a way 
that the tritium inventory in the detritiation process is kept at a minimum. 
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In addition to the permeation phenomena, large tritium inventories are -trapped in 
the reactor structural material, mainly in the first wall and the blanket structures. 
Estimates of these inventories are spread in a broad range : some tens of grannies to 
some kilogrammes. When, for maintenance or dismantling purposes, sectors of the machine 
are deconnected and placed in hot cells, this tritium inventory has to b« recovered. 
Techniques to use for this purpose are not fully defined and are under study now ; but 
their efficiencies must be very high to minimize tritium loses in waste disposal. 

Finally, the different atmospheres of halls, etc ..., that can be contaminated with 
tritium, have to be reprocessed through atmospheric clean-up systems and the tritium 
extracted by these processes recirculated back to the plant. 

1 . ICTBOPOCTIOW 

Before to reach the time at which fusion reactors will burn pure deuterium relying 
only on the D-D reaction, we have, during a long time, to burn in such reactors an equal 
mixture of deuterium and tritium. If the first of these two hydrogen isotopes exists 
in quite a large quantity on the earth, the second one is by far less common. The total 
tritium inventory in the earth's atmosphere is estimated to be about 40 kg. It is generally 
agreed that a commercial fusion reactor, with a net electrical power of 1000 MW will 
burr 450 g of tritium per day. Facing this two numbers, it becomes obvious that fusion 
reactor will have to produce their own tritium. The fusion reaction D-T gives a 14 MeV 
energetic neutron, that must be used to react with lithium through the two neutronic 
reactions 6Li(n,«)T and 7Li(n,n*,cOT. If a lithium containing blanket is installed around 
the plasma chamber, it is possible, theorically, to produce the same amount of tritium 
that the burned quantity and possibly more relying of the 7Li(n,n') reaction. 

2 . BLAWCET DESICTS 

This apparent facility to produce inside the machine an equal tritium quantity that 
the burned amount is a wrong figure. A full olasma chamber coverage with a blanket is 
Impossible accounting with the impurity control systems, additionnai heating penetrations, 
gaps between segments, etc... In practice 10 to 20 % of the surface cannot be covered, 
that implies neutron losses reaching, at the minimum, these values. An other neutron 
fraction is lost inside structural materials, shielding, magnets, etc... At the end, 
to reach the goal of a net breeding ratio of one, the breeding blanket must offer locally 
a breeding ratio capability of 1.2, 1.3. 

Theoretically, in addition to the pure lithium, all lithium containing compounds 
may be used as breeding material. In practice, only some of these compounds are possible 
candidates i lithium and lithium lead alloys, oxide, aluminates, silicates and 
zirconates. Except for pure lithium all of them «nuit be used with a neutron multiplier 
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lead or beryllium. In such conditions it is possible to reach a local tritium breeding 
ratio of 1.3, 1.4 [lj . In some designs a tritium breeding ratio of about 2 is claimed 
using an intimate beryllium-lithium oxyde mixture [23 • Engineering designs of breeding 
blanket modules are illustrated fig. I I 31 for the lithium lead eutectic and Fig. 2 
4 for the lithium silicate-beryllium mixture. Covering the inboard and outboard part 
of the plasma chamber in devices such as NET or INTOR, it .is possible to reach a global 
breeding ratio of 0.8 to 0.9. In order to reach a breeding ratio greater than one, che 
blanket coverage has to be extended to the impurity control area |5| . 

With the aim to keep a minimum tritium inventory inside the blanket, the breeding 
material must be operated within a well define temperature window. For solids che two 
limics correspond : for che lowest Co a minimum Cricium oucgasing race and for the highest 
CO Che sintering temperature. For liquids, the lowest limit is Che melting temperature 
and Che upper limit Che temperature level at which corrosion is sCill acceptable. Strong 
constraints are imposed on the design in order to keep the breeding material working 
temperature inside this temperature window. Indications on lithium containing ceramic 
working conditions are given cable I 111 . 

3. IMPACT OF TRITIUM LOSSES 

As we have seen it is not an easy task to reach in a fusion device a breeding ratio 
equal Co one. Tritium has Co be handled in Che plane in a quite complex and extensive 
process as illustrated fig. 3 131 and in all elementary operation some losses are 
unavoidable. Tritium flow rates in the different subsystems differ by orders of magnitude 
from possibly 0.1 g/d or less in the coolant deCriciacion system or in che atmosphere 
clean-up systems up to some kilograms per day in the plasma exhaust reprocessing system. 
Ic is generally agreed to link losses with process flow races and inventories. An INTOR 
tritium inventory escimace is given table II loi . From this table ic is obvious that 
the main tritium inventories are noC in the cricium system but mainly inside che machine. 

A crucial face in the tritium system is Che plasma exhaust reprocessing system that 
process high flow races and presents large tritium inventories. For INTOR the tritium 
process flow is abouc 1.5 kg/d and the inventory of about 370 g. Considering losses of 
one percent, that is beyond Che current practice in chemical engineering, and implies 
efficiencies equal Co 99 Z, drives Co cricium losses of 15 g/d corresponding to 20 % 
of Che burned criuium and increases coo largely difficulties of the blanket design. To 
be without impact on the breeding capability, cricium losses, in this system, must be 
kept below l"/ 0 0 M • Facing to this requirement che process selection for the plasma 
exhausc reprocessing syscem becomes very stringent. If for the isotopic separation the 
cryodistillacion appears i* the only choice, for the fuel clean-up syscem a loe of processes 
are under consideraeion. The selection ha» to be made on the following criteria s 
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loi» inventory, low permeation, minimum waste producCion. For the time beeing, the NET 
reference process is the hydrogen permeation through palladium-silver membranes that 
offers Che main advantages to be a continuous process and to generate, in practice no 
solid waste ; but with the drawback of a possible hydrogen/tritium permeacion chrough 
the diffuseur walls in that it's work at 300°C. Other possible candidates are batch 
processes and by that offer larger triciun inventories and possibly generate more solid 
wastes, but for some of them, (cryocondensation of impurities), tritium permeation through 
the walls is not a concern. 

The situation is less clear in the breeding blanket tritium recovery system. This 
sys:em has to process large helium flows (some hundreds cubic meter per hour for the 
liquid blanket concept to some thousands cubic meter per hour for the ceramic blanket 
concept) with a tritium concentration of about one p.p.m. at a high température 
(500 - 700°C). Concerns for this system are the tritium permeation and inventory. For 
the present time no real solution is offered. Molecular sieves, cold traps, getters are 
mentionned but their possible use in the system has to be checked experimentally. 

4. TEITCTM PEMgATTOW 

We have seen above that the tritium permeation through the different parts of the 
machine and through the tritium system itself is a concern. The tritium permeation in 
a fusion device follows two different phenomena. The first one is the classical molecule 
splitting into two atoms at the wail surface followed by atom absorption, diffusion and 
recombination at the back surface. This process is well represented by the classical 
Ridchardson's law, in which the permeation flow is proportional to the square root of 
the tritium pressure. This happens inside the blanket and in the whole tritium system. 
The second phenomena is the tritium implantation into the first wall. In practice high 
concentration of tritium in the near surface region of the first wall can be reached 
by atom implantation with a relatively slow recombination race of these atoms into 
molecules at the surface. This results in a concentration gradient through Che wall that 
causes the tritium to diffuse into the bulk and consequently to the first wall coolant. 
Modelling of this phenomena is described extensively elsewhere |̂ 8j . In such a case the 
permeation flow is proportional to the cricium pressure. 

The tritium permeation taking place everywhere in a fusion plant, this phenomena 
becomes the main source of tritium losses via the permeation icself or through the tritium 
inventory trapped inside the bulk of metallic pieces that have to be considered a* wastes. 
In an attempt to limit these loses, Che use of crleium permeacion barriers such as oxyde 
layers is foreseen. For Che presene Cine Che feasability and the integrity of these 
barriers is questionnable and it is not realistic, in a design, to rely on them. For 
the time beeing a partial tritium recovery during the component dismantling in hot cells 
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is foreseen. Methods to recover Che trapped tritium are under study now and the final 

process selection is not done. The different possible ways under study are the following : 

heating and/or melting under -acuum, isotopic exchange at high temperature with hydrogen, 

hydrogen implantation. From the first results decontamination factors of hundred afCer 

heating at 800°C and of 250 after melting under high vacuum have been measured. This 

j implies that if 500 g of tritium are trapped into the first wall (INTOR hypothesis), 

five grams are lost each time this first wall is exchanged. 

i 

| 5. COOLAMT AMP ATMOSPHÈRE DETRITIATIOM 

I All the tritium that permeate through the walls goes into the coolant or in the 

I reactor hall or glove-boxes atmospheres. This tritium has to be recovered and possibly 
1 reused into the machine. 
i 
| 

j The tritium flux inside the coolant coming through the first wall is estimated to 

I be between 2 x 10 6 Ci/d (200 g) to 20 Ci/d depending of the cleanliness of the first 

i wall. This cleanliness is well represented by the sticking coefficient OC in the 

; permeation equation. It's value lies between 0.5 (clean surface) down to 5 x 10'^ 

) (dirty surface). Both conditions have been meet in tokomaks. 

In case of water coolant detritiation processes are well known. Different 

possibilities exist : vapor phase - hydrogen isotopic catalytic exchange plus 

cryodistillation, (this process is the only one with industrial applications : 

ILL Grenoble, Darlington) ; liquid phase catalytic isotopic exchange plus cryodistillation, 

water distillation, electrolysis plus cryoaistillation, water distillation plus 

electrolysis plus cryodistillation, etc... The process selection has to be made on 

financial criteria. For helium coolant the more credible process is the same that those 

used for the blanket tritium recovery system, in case of solid breeding material i.e 

tritium catalytic oxydation followed by a water trapping. The flow rate to process in 

both cases is a direct function of the permeation flux and the desired tritium 

concentration level in the coolant. 

As far as the atmosphere detritiation is concerned the situation is fully different. 

Processes are actually used in different laboratories to extract tritium from glove-

box air or atmosphere. The principle is always the same : catalytic oxydation of hydrogen 

species followed by a water trapping on molecular sieves. For the time beeing the catalytic 

bed work at a temperature level of 200 - 250°C and with an hydrogen addition before the 

bed, Chen, water vapor is added after the water conversion before the molecular sieve 

reactor. This implies large dilutions and additional difficulties to recover the tritium 



after Che bed regeneration. Studies are underway to find catalyst working at roora 

| temperature and to improuve the water trapping without any vapor addition 19]. One concern 

'is the continuous reactor hall detritiation. To maintain a tritium level of 5.10*6 Ci/m3 

in the hall atmosphere with a tritium leak rate of some Curies per day, flow rates in 

; the detritiation systems as large as l û V / h are required that is far beyond the present 

technology and is certainly too expansive. This imply that a possible entrance in the 

reactor hall without bubble suit is impossible. 

6. COMCLDSIOWS 

i 

i For the future fusion reactors that have to burn a mixture of deuterium and tritium, 

to produce, accounting for loses, as much tritium as they will burn is a real challange. 

! If ways to improve the tritium recovery inside the fusion plant and to limit the tritium 

I permeation phenomena are not developped, it will become very difficult if not impossible 

, to rely on this future energy source. A large research and development programme is 

'• required mainly in che area of tritium permeation barrier and for the research of new 
: breeding materials or associations of materials to increase the tritium breeding ratio 

at values large enough to ensure the tritium supply of the devices. 
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TABU I 

PtOPEKTT VALOIS AMD tBOOMMUD TEMPEBATUU LIMITS 
•Oft CANDIDATE SOLID BISZDEft MATttlALS 

Properties 
Reconmended 

Temperature Limits 

MP, °C Li, g/cm3 K,« W/mk 
o 

Tmin. C 
o 

Tmax» c 

e 
T, C 

Li 20 

y.LiA102 

Li 2Si0 3 

L14S104 

Li2Zr03 

1433 

1610 

1200 

1250 

1616 

0.93 

0.28 

0.36 

0.54 

0.33 

3.4 

2.2 

1.5 

1.5 

1.3 

410 c 

3o:-

410 c 

320 c 

400 d 

800 b 

1200e 

1000e 

950 e 

1400e 

390 

900 

590 

630 

1000 

a Estimated for 85 % smeared density and temperature at 1000 K. 
b Established from chemical considerations, i.e., reaction with moisture 

to form LiOT. Log P(LiOH,g)(atm) - - 8635/T + 1/2 log p(H20,g) + 4.57. 

c Established from diffusion/inventory considerations ( 1 Un grain size), 
d Estimated assuming similar properties (non irradiated). 
« Established experimentally from onset of closed porosity. 



TABLE I I 

IRTOft TUTIUM SYSTEMS IMVENTOBT 

Plasma exhaust 

Cryopumps (12) (2 hours) 

Gas storage units (12) (2 hours) 
120 g 
120 g 

Liquid storage before isotopic separati 
Cryodistillation 

on 10 g 
120 g 

Liquid storage before isotopic separati 
Cryodistillation 

on 

370 g 
Breeding tritium (solid) 

Gas storage tanks (12) (10 tain) 
Catalytic beds 

0.35 g 
0.42 g 

Liquid nitrogen cold trap (7 days) (lower flow rate/ 
regeneration time should decrease this 
Liquid nitrogen cold trap hold-up 
Liquid storage tank before electrolysis 
(same as above) 
Gas tank (10 min) 

figure) 

(7 days) 

350.00 g 
38.00 g 

350.00 g 
0.35 g 
739 g 

T^rus feed 
Î2 gas storage tank (10 rain,' 
DT gas storage tank (10 min) 
Tritium bottles (3) 
Pellet injectors 

H 8 
5 g 

30 g 
200 g 

T^rus feed 
Î2 gas storage tank (10 rain,' 
DT gas storage tank (10 min) 
Tritium bottles (3) 
Pellet injectors 

246 g 
Primary coolant detritiaeion 

Hydrogen cryodistillation column 
Primary coolant processing 

60 g 
5 8 
65 g 

Others 
Wastes 
Atmosphere 

Storage 

noc estimated 
1 8 

2300 g 
Breeding blanket 500 1000 g 
Plrst wall 100 1000 g 

TOTAL 4330 - 5730 g 
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FIG. 1. T-BREEDING MODULE WITH WATER COOLED LIQUID LI17PB83 BREEDER 
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Purge Gas Collector Grid Plate 

Helium Coolant Inlet 

Purge Gas Supply 
Tubes 

Helium Coolant Outlet 

Purge Gas Flow 
Outlet Inlet 

Pebble Bed 
Coolant Tubes 

Beryllium Layer 

First Wall Helium 
Coolant Tubes 

Ceramic Pebble Bed 
First Wall 

Beryllium Layer 

Stiffing Plate 

* 

pic. 2. Pebble Bed Breeder Canisters 
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