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[57] ABSTRACT 
The first wall of a deuterium-tritium fusion reactor is 
regenerated in situ. The first wall substantially sur-
rounds an enclosed reaction region confined within the 
reaction chamber of the reactor. To regenerate a worn 
first wall without opening the reactor chamber, a gase-
ous substance is introduced into the chamber, at least a 
portion of the gaseous substance comprising material, 
such as low Z refractory material, suitable for forming 
the first wall. At least a portion of this material is depos-
ited, as by pyrolysis, in solid form on the first wall to 
regenerate the first wall, and residual gas is removed 
from the chamber. The chamber is then recharged with 
a mixture of deuterium and tritium. All the while the 
inflow of contaminants into the chamber is substantially 
excluded. Preferably, the pyrolysis of the gaseous sub-
stance is effected by energizing the coils used in the 
operation of the reactor for producing a plasma of deu-
terium and tritium ions in the reaction chamber. 

13 Claims, 1 Drawing Figure 
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IN SITU REGENERATION OF THE FIRST WALL 
OF A DEUTERIUM-TRITIUM FUSION DEVICE 

This invention relates to a process for regenerating a 5 
fusion first wall and more particularly to a process for in 
situ coating of a fusion first wall with fusion first wall 
materials such as pyrocarbon, silicon nitride, silicon 
carbide, boron nitride, siliconized carbon, silicon-
aluminum nitride, aluminum oxide, quartz and other 10 
similar refractory materials. 

The central plasma region of a deuterium-tritium 
(D-T) fusion reactor releases energy in the form of high 
energy neutrons, Bremsstrahlung x-rays, infrared radia-
tion, neutral and charged particles. The fusion first wall 15 
is the first material barrier to this released energy. As 
such, it must have specialized properties such as (1) 
resistance to degradation in a fast neutron environment, 
(2) resistance to sputtering from high energy particle 
impingement, (3) resistance to spalling due to ion im- 20 
plantation, (4) resistance to thermal degradation, and (5) 
resistance to x-ray and infrared radiation damage. 

The first wall must not release any substantial 
amounts of materials which will cause excessive energy 
losses in the plasma; it must allow passage of neutrons to 25 
the blanket behind the first wall; and it must have a 
sufficiently long useful reactor life to make the fusion 
reactor economically practical. This last feature, a fu-
sion first wall concept which will ensure a sufficiently 
long useful reactor life, is an object of the present inven- 3 0 
tion. 

All materials in a D-T fusion reactor first wall envi-
ronment will undergo erosion. Reactor designs to date 
propose two methods of overcoming this problem. One 
method is to decrease the rate of material erosion 3 5 
through basic material modifications and mechanical 
design modifications. The second is mechanical replace-
ment of the first wall after excessive surface erosion has 
occurred. The present invention is directed to a nonme-
chanical method for remote replacement of the first ^ 
wall, thus eliminating expensive and, in most cases, 
impractical mechanical replacement of the first wall. 

The regenerating fusion first wall is one in which the 
first wall surface is replaced by a vapor deposition pro-
cess. This deposition process may be a chemical or 4 J 
physical one in which the vacuum chamber of the D-T 
fusion reactor acts as the deposition chamber. Chemical 
vapor deposition which results in a deposit and non-cor-
rosive gaseous products is the preferred process. An 
example of one such process is the thermal degradation SQ 
of hydrocarbons such as CH4, C3H8, C3H6, and C2H6 to 
produce pyrocarbon and hydrogen. Another example is 
Si3N4 deposition according to the reaction 

3SiH4 + 4NH3 = S13N4 + 12H2. 
55 

A unique feature of the method for regenerating the 
first wall is the use of the fusion reactor system itself to 
generate temperatures required for the chemical vapor 
deposition processes. Using the fusion reactor system to 
heat the first wall, preferentially heats the first wall 60 
surface where the highest erosion has occurred. This 
may be accomplished by producing a discharge in the 
chamber and allowing the gas to heat the wall. Since 
coating rate is generally proportional to coating tem-
perature, the in situ deposited coating should be mainly 65 
on the eroded first wall surface. 

A preferred form of the invention has been particu-
larly designed for use in a toroidal fusion reactor 

2 
wherein a mixture of deuterium and tritium is confined 
in a toroidal reaction chamber under low pressure. The 
gas mixture is ionized and heated to produce a plasma 
by operation of a poloidal magnetic field generated and 
controlled by two independent coil systems, an electric 
field coil system (E-coils) and a field shaping coil system 
(F-coils). The electric field induced by the E-coils initi-
ates and maintains a toroidal discharge current for 
plasma confinement and ohmic heating. The F-coils 
control the magnetic configuration of the discharge, 
that is, the plasma shape and position. At the same time, 
a toroidal coil system (B-coils) produces a toroidal field 
establishing the azimuthal magnetic field required for 
stable plasma confinement. 

The toroidal fusion reaction region is surrounded by 
a blanket where the energy of the neutrons produced in 
the plasma is converted to useful thermal energy, which 
is then extracted from the reactor. Inside the blanket is 
a liner substantially surrounding the reaction region, the 
interior surface of the liner comprising the so-called 
"first wall" of the reactor. For reasons given above, 
preferred materials for the first wall of fusion reactors 
are low Z refractory materials, examples of which are: 
carbon, siliconized carbon, SiC, Si3N4, SiC.Si3N4, B, 
BN, Si, sialons, (Si, A1)N, Si2ON2, A1N, lithium sialons, 
AI2O3, and Si02- The regeneration process is, of course, 
not limited to low Z refractory materials. 

During the course of the operation of the fusion reac-
tor, the first wall deteriorates for the reasons given 
above, being exposed to high temperatures and high 
energy radiation. In accordance with the present inven-
tion, the first wall is regenerated by a vapor deposition 
process. A gaseous substance is introduced into the 
reaction chamber, at least a portion of the gaseous sub-
stance comprising material suitable for forming the first 
wall. This material is then deposited in solid form on the 
first wall, and residual gas is removed from the cham-
ber. The chamber is then recharged with its mixture of 
deuterium and tritium. The process is performed in a 
closed system, whereby contaminants are excluded. As 
it is not necessary to open the system during the regen-
eration process, contaminating materials are not depos-
ited on or in the first wall during the regeneration pro-
cess. The gaseous substance is preferably a gas that is 
pyrolyzable or reacts to form a low Z refractory mate-
rial of the sort mentioned above as suitable for forming 
the first wall. The deposit of the material is then 
achieved by heating the gas within the chamber to a 
temperature sufficient to cause it to decompose or react. 
In the preferred form of the invention, the gas is heated 
by energizing the electrical system of the reactor to heat 
the gas and the first wall to suitable temperatures, and 
more particularly, by energizing the E-coils which pro-
vide the ohmic heating of the gas. 

Therefore, it is an object of the invention to provide 
a method for regenerating in situ a first wall of a fusion 
reactor. It is a further object of the invention to regener-
ate the first wall by depositing suitable material on the 
first wall while precluding the inflow of contaminants 
into the reactor chamber. It is a further object of the 
invention to provide such deposition by pyrolyzing or 
reacting the gas to form a suitable low Z refractory 
material. Still another object of the invention is to pro-
duce such pyrolyzing or reaction by operation of the 
electrical system of the reactor itself. 

Other objects and advantages of the present invention 
will become more apparent from the following detailed 
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description, particularly when taken in connection with 
the appended drawing in which: 

The single F IGURE is an isometric view of a typical 
toroidal fusion device in which the present invention 
may be utilized, with a section cut away to illustrate the 5 
internal construction of the device. 

The drawing illustrates a toroidal fusion reactor 10 
for producing high energy neutrons by nuclear reaction 
occasioned by the fusion of deuterium and tritium nu-
clei. The reaction occurs in a large toroidal reaction 10 
chamber 12 containing a mixture of deuterium and trit-
ium. The reaction chamber 12 may be more than 6 
meters high, with a shape and other relative dimensions 
as shown in the drawing. The reaction is made to occur 
by creating a plasma of deuterium and tritium ions in the 15 
toroidal reaction chamber 12. The plasma is created by 
a poloidal field, established by E-coils 14. When the 
E-coils are energized, they produce a time varying 
magnetic flux linking the chamber 12. The electric field 
induced by this flux variation initiates and maintains the 20 
toroidal discharge current required for plasma confine-
ment and ohmic heating. F-coils 16 control the mag-
netic configuration of the discharge, confining it gener-
ally to the shape, position and dimensions of the cham-
ber 12. The F-coil system establishes the magnetic 25 
boundary conditions for the plasma. It is essentially a 
passive system with energy being added to overcome 
resistive losses in the F-coils. Around the chamber 12 
are toroidal B-coils 18, which establish an azimuthal 
magnetic field for stable plasma confinement. 30 

To achieve the required plasma temperature, auxil-
iary neutral beam heating is provided in addition to the 
ohmic heating provided by the E-coils 14. To this end, 
high energy neutral particles of deuterium and tritium 
are injected tangentially into the chamber 12 through 35 
injection ports 20. The operation of the described coils, 
together with the neutral beam heating, produces a 
plasma of deuterium and tritium ions magnetically con-
fined in the chamber 12. The magnetic confinement 
maintains the plasma sufficiently out of contact with the 40 
first wall 22 forming the inner wall of the chamber 12 so 
that the plasma is not cooled to destruction by the first 
wall 22. 

At the high temperatures thus produced in the reac-
tion region containing the plasma, the deuterium and 45 
tritium nuclei undergo fusion, producing helium nuclei 
and high energy neutrons. These neutrons at energies of 
about 14 Mev penetrate the first wall 22 and pass into a 
blanket 24 surrounding the chamber 12. The blanket 24, 
formed in part of carbon and lithium, is used for extract- 50 
ing the energy from the neutrons, raising the tempera-
ture of the blanket 24. Helium gas is circulated through 
the blanket 24 from a conduit 26. Cool helium is intro-
duced into the conduit 26, the heated helium is with-
drawn from a conduit 28. The helium provides a safe, 55 
yet effective, heat transfer function, carrying heat from 
the reactor to an external heat exchanger, where it may 
perform useful work as in the production of electric 
energy, thereby being cooled for recirculation through 
the conduit 26. 60 

It is necessary that the reaction occur at relatively 
low pressures. Hence, the chamber 12 is constantly 
pumped out by vacuum pumps through ports 30 and 
conduits 32. 

A radiation shield 34 limits the escape of harmful 65 
radiation. 

In the course of operation of a D-T fusion reactor like 
the one illustrated, the first wall becomes eroded. To 

avoid the problems of contamination and effort in disas-
sembling and reassembling the reactor, the method of 
the present invention provides for the in situ regenera-
tion of the first wall. In accordance with the present 
invention, a gas is introduced through the injection 
ports 20, which gas, at least in part, is formed of material 
suitable for forming the first wall. In a preferred form of 
the invention, this gas is pyrolyzed to release such mate-
rial or reacts with another gas component to form the 
material. The gas is preferably activated by operation of 
the E-coils 14 of the reactor system. The application of 
suitable AC voltage to the E-coils 14 from its energizing 
power supply will start and maintain an electrical dis-
charge through the gas in the chamber 12. The gas 
particles, as well as radiation from the discharge will 
heat the first wall. The ionization of the gas and temper-
ature of the wall can be controlled by controlling the 
current in the E-coils 14. The gas and wall are thereby 
heated to temperatures sufficient to pyrolyze or react 
the gas in the chamber 12 to form the first wall material 
from the gas and deposit it on the first wall, thus regen-
erating the first wall. Excess gas and reaction products 
are withdrawn through the ports 30 and conduits 32. 
The chamber 12 may then be recharged with deuterium 
and tritium for further fusion reaction. 

The invention may be carried out with a large num-
ber of different gases and at different temperatures and 
pressures, depending upon the particular coating de-
sired. The following three examples are therefore illus-
trative only. 

EXAMPLE 1 
In a pyrocarbon first wall regeneration process using 

methane, methane is caused to flow into the chamber 12 
at a pressure of400 torr at a flow rate of 10 cmVmin per 
cm2 of substrate, and is pyrolyzed at a coating tempera-
ture of 1500° C. 

EXAMPLE 2 
In a pyrocarbon first wall regeneration process using 

propylene, a mixture of 80% C3H6 and 20% He is 
caused to flow into the chamber 12 at a pressure of 200 
torr at a flow rate of 5 cmVmin per cm7 of substrate, 
and is pyrolyzed at a coating temperature of 1300° C. 

EXAMPLE 3 
In a first wall regeneration process depositing Si3N4, 

a gas mixture containing 0.2% SiH4, 25.8% NH3 , 19% 
H2, and 55% He is introduced into the chamber 12 at a 
pressure of 200 torr at a gas flow rate of 20 cmVmin per 
cm2 of substrate and reacted at a temperature of 1150° 
C. to produce the coating of Si3N4. 

Deposition may be effected at any of a number of 
coating rates, typical rates being 0.6 to 90 mils/hour. 

Various other well known reactions may be carried 
out to provide deposition of suitable refractory materi-
als on the first wall 22. It is also possible to perform 
physical as well as chemical vaporization in the first 
wall deposition. Thus, sputtering, evaporation and 
other similar processes may be employed separately or 
in combination with chemical vapor deposition pro-
cesses to deposit almost any material desired. 

Various other alternatives may be utilized within the 
scope of the present invention. 

What is claimed is: 
1. A method for regenerating the first wall of a 

deuterium-tritium fusion device wherein the first wall 
substantially surrounds an enclosed reaction region 



confined within a reaction chamber, said method com-
prising introducing gas into said chamber, at least a 
portion of said gas comprising material suitable for 
forming said first wall, depositing at least a portion of 
said material in solid form on said first wall, removing 
residual gas from said chamber, and charging said 
chamber with a mixture of deuterium and tritium, all the 
while substantially precluding the inflow of contami-
nants into said chamber. 

2. A method for regenerating the first wall of a fusion 
device wherein the first wall substantially surrounds an 
enclosed reaction region confined within a reaction 
chamber, said method comprising introducing into said 
chamber gas forming upon application of heat a low Z 
refractory material suitable for forming said first wall, 
and heating said gas within said chamber to a tempera-
ture at which it forms said material and deposits it in 
solid form upon said first wall. 

3. The method according to claim 2 wherein said gas 
is heated by energization of the electrical coil system 
utilized in the operation of the reactor to produce a 
plasma in the reaction chamber. 

4. A method for regenerating the first wall of a fusion 
device wherein the first wall substantially surrounds an 
enclosed reaction region confined within a reaction 
chamber, said method comprising introducing into said 
chamber a gas pyrolyzable to form a low Z refractory 
material suitable for forming said first wall, and heating 
said gas within said chamber to a temperature at which 
it decomposes to form said material and deposit it in 
solid form upon said first wall. 

5. The method according to claim 4 wherein said low 
Z refractory material comprises carbon. 

6. The method according to claim 5 wherein said gas 
comprises hydrocarbon molecules. 

7. The method according to claim 4 wherein said gas 
is heated by energization of the electrical coil system 
utilized in the operation of the reactor to produce a 
plasma in the reaction chamber. 

8. A method for regenerating the first wall of a fusion 
device wherein the first wall substantially surrounds an 
enclosed reaction region confined within a reaction 
chamber, said method comprising introducing into said 
chamber a gas mixture reacting upon application of heat 
to form a low Z refractory material suitable for forming 
said first wall, and heating said gas mixture within said 
chamber to a temperature at which it reacts to form said 
material and deposit it in solid form upon said first wall. 
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9. The method according to claim 8 wherein said low 
Z refractory material is selected from the group consist-
ing of Si3N4, SiC, A1N, SiC.Si3N4, BN, Si, siliconized 
carbon (Si, A1)N, A1203 and SiOz. 

5 10. The method according to claim 8 wherein said gas 
mixture is heated by energization of the electrical coil 
system utilized in the operation of the reactor to pro-
duce a plasma in the reaction chamber. 

11. A method for regenerating the first wall of a 
10 fusion device having an electric coil system for produc-

ing an electrical discharge in reaction gas confined 
within a reaction chamber and heating the reaction gas 
to produce fusion reactions within a limited enclosed 
region of the confined gas substantially surrounded by 

15 the first wall, said method comprising introducing into 
said chamber gas forming upon application of heat a 
material suitable for forming said first wall, energizing 
said electric coil system of the reactor to heat said gas 
and said first wall to temperatures at which said gas 

20 forms said material and deposits said material in solid 
form upon said first wall. 

12. A method for regenerating the first wall of a 
fusion device having an electrical system for producing 
an electrical discharge in reaction gas confined within a 

25 reaction chamber and heating the reaction gas to pro-
duce fusion reactions within a limited enclosed region 
of the confined gas substantially surrounded by the first 
wall, said method comprising introducing into said 
chamber a gas pyrolyzable to form a material suitable 

30 for forming said first wall, operating said electrical 
system of the reactor to heat said pyrolyzable gas and 
said first wall to temperatures at which said pyrolyzable 
gas decomposes to form said material and deposit said 
material in solid form upon said first wall. 

35 13. A method for regenerating the first wall of a 
fusion device having an electrical system for producing 
an electrical discharge in reaction gas confined within a 
reaction chamber and heating the reaction gas to pro-
duce fusion reactions within a limited enclosed region 

40 of the confined gas substantially surrounded by the first 
wall, said method comprising introducing into said 
chamber a gas mixture reacting upon application of heat 
to form a material suitable for forming said first wall, 
operating said electrical system of t h j reactor to heat 

45 said gas mixture and said first wall to temperatures at 
which said gas reacts to form said material and deposit 
said material in solid form upon said first wall. * * * * * 
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