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ABSTRACT OF THE DISCLOSURE 
The present invention is directed to a method and 

apparatus for centrifugally separating substances of diff-
erent atomic weights. The substances to be separated are 
positioned in an evacuated vessel which has a longitudinal 
axis. A magnetic field is generated in the vessel parallel 
to the longitudinal axis of the vessel and a target com-
prises of the substances to be separated is positioned 
within the vessel at one end thereof. A collector is pos-
itioned at the other end of the vessel. Pulsed laser energy is 
focused on the substances to be separated, thereby fully 
ionizing at least a portion of the substances and forming 
a plasma therefrom. Immediately following the focusing of 
the laser energy, a current is passed through the substances 
to be separated which causes further full ionization of the 
substances and thereby the formation of additional plasma. 
The ionized plasma is rotated and moved from the substances 
which are to be separated to a collector by the application 
of the magnetic field. At least a portion of the ionized 
substances are separated by the centrifugal force result-
ing from the rotation of the plasma by the magnetic field. 
At least one skimmer means is positioned in the vessel in 
the path of a portion of the ionized plasma such that the 
portion of the ionized plasma strikes the skimmer means 
and is collected thereon. The remainder of the ionized 
plasma continues moving along the vessel towards the 
collector. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention is directed to a method 
and apparatus for separating substances of different 
atomic weights, using a plasma centrifuge and more partic-
ularly, to a multistage method and apparatus wherein a 
laser initiated vacuum arc is used to fully ionize and 
form a plasma of the substances to be separated. 
Description of the Prior Art 

The separation of substances having different 
atomic weights by rotating a plasma including these sub-
stances is known in the prior art. In the prior art 
techniques, a neutral gas, including the substances to 
be separated, is ionized by passing an electric current 
therethrough. These prior art gas discharge plasma are, 
however, only partially ionized. Thus, although the ion-
ized plasma component responds to electric and magnetic 
fields which rotate the plasma, the drag due to the 
neutral atoms within and around the spinning plasma limits 
the rotation rates and, hence, the degree of mass separ-
ation achievable in such prior art centrifuges. The 
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neutral atom viscosity results in plasma rotation rates 
well below the Alfven critical velocity with corresponding 
low mass separation. In a partially ionized plasma, the 
Alfven velocity limit is reached when the rotational energy 
of the ions equals the ionization energy of the neutral 
atoms. Further energy input to the rotating plasma then 
goes primarily into the ionization of the residual neut-
rals. 

Since the centrifugal force applied to the sub-
stances of different atomic weights is a function of the 
rotational speed, the limitations on the rotational speed 
caused by the drag of the neutral atoms substantially re-
duces the centrifugal force and, therefore, the separating 
capability of the prior art devices. 

In our prior Canadian Application Serial No. 
380,965 filed June 30, 1981, a method and apparatus are 
disclosed for separating substances of different atomic 
weights using a plasma centrifuge. The method and appar-
atus disclosed use a single separation technique in which 
the substances to be separated are collected on a collector. 
This technique has the disadvantage that enrichment of the 
separated materials after the single separation may not be 
sufficient for commercial use. Thus, it is necessary to 
remove the enriched material from the collector, form a new 
target and repeat the separation. This has to be done sev-
eral times for commercial purposes. The repeating of this 
separation technique is expensive and time-consuming. 
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SUMMARY OF THE INVENTION 

It is the primary object of the present invention 
to provide a multistage method and apparatus for the sep-
aration of substances of different atomic weights wherein 
the plasma, including the substances to be separated, is 
fully ionized, thereby reducing drag when the plasma is 
rotated by the application of a magnetic force thereto. 

It is a further object of the present invention 
to provide a method and apparatus for the separation of 
substances of different atomic weights wherein several 
stages of separation are effected, while the fully ionized 
rotating plasma travels from its source to a collector 
for collecting the separated substances. 

The present invention is directed to a method 
and apparatus for centrifugally separating substances of 
different atomic weights. The substances to be separated 
are positioned in an evacuated vessel which has a longitud-
inal axis. A magnetic field is generated in the vessel 
parallel to the longitudinal axis of the vessel and a 
target comprised of the substances to be separated is pos-
itioned within the vessel at one end thereof, and a col-
lector is positioned at the other end of the vessel. 
Pulsed laser energy is focused on the substances to be 
separated, thereby completely ionizing at least a portion 
of the substances and forming a plasma therefrom. Immed-
iately following the arrival of the laser energy, a cur-
rent is passed through the substances to be separated, 
which causes further complete ibnization of the substances 
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and thereby the formation of additional plasma. The 
completely ionized plasma is rotated and moved from the 
target of substances which are to be separated towards a 
collector by the application of the magnetic field. At 
least a portion of the ionized substances are separated 
by the centrifugal force resulting from the rotation of 
the plasma by the magnetic field. A plurality of skimmers 
are positioned in the vessel between the target and the 
collector such that a portion of the rotating plasma 
strikes the skimmer and is collected thereon. The re-
mainder of the plasma continues moving towards the col-
lector. The material which finally strikes the collector 
is only a percentage of the starting material, but it is 
highly enriched or concentrated. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a schematic diagram of a plasma cent-

rifuge of the present invention. 
Figure 2A is an enlarged view of a portion of the 

apparatus shown in Figure 1. 
Figure 2B shows, the shape of the axial magnetic 

field on the periphery of the plasma arc in Figure 2A. 

Figure 3 is a graph of the Number of Stages of 
Separation vs. Beta. 

Figure 4 is an alternate embodiment of the skimmer 
of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Referring to Figures 1 and 2, a vessel 1 is 

evacuated using a diffusion pump 3. Electromagnetic coils 
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5 surround the vessel 1 which may, for example, be cylind-
rical in shape. The axis of the coils 5 corresponds to the 
longitudinal axis A -A of the vessel 1. A solid target 7 
including the materials to be separated is positioned at 
one end of the vessel and one terminal of a power supply 
9 is connected thereto. In the preferred embodiment, the 
target is a solid. The use of a solid target in a vacuum 
facilitates the creation of a fully ionized plasma. How-
ever, a liquid or gas target could be used. A laser 11 is 
focused on the target 7 so that the laser energy therefrom 
may be applied to the target 7. 

In operation, the laser 11 is pulsed and the 
pulsed laser energy is focused on the target 7. The laser 
may, for example, be a pulsed laser. The laser pulse 
causes a portion of the target to ionize and form a plasma. 
During and subsequent to the laser pulse, the charge stored 
on capacitors 9a of capacitor discharge power supply 9 is 
discharged through the target 7, causing a current to 
flow therethrough. This current further ionizes a portion 
of the substances to be separated and thereby further in-
creases the plasma. At the end of the current discharge 
from the power supply 9 through target 7, the laser 11 is 
pulsed again and then the power supply is discharged again 
in repeating cycles. 

The plasma creates an electric field E having a 
direction radially inward. Further, the flow of current 
across the magnetic field B produced by the magnetic coils 
5 produces a Lorentz body forcâ on the plasma, which acts 
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to spin or rotate the plasma column about the longitudinal 
axis A-A. Further, the magnetic field confines the plasma 
to the central portion of the vessel and still further, 
causes the plasma to flow towards end plate collector 17. 
Because the plasma is spinning or rotating, the substance 
of a heavier atomic weight will tend to move radially out-
ward as a result of a greater centrifugal force being 
applied thereto as compared to the substance of the lighter 
atomic weight. 

A plurality of auxiliary magnetic coils or iron 
rings 13a, 13b ... 13n are positioned in the vessel 1 at 
predetermined intervals along the path of the ionized 
plasma as it travels from the target 7 towards the col-
lector 17. As the rotating plasma moves radially outward, 
the outer portion thereof strikes portions 15a of the 
skimmer 13a. That part of the plasma which strikes por-
tion 15a and is collected thereon is enriched in the heav-
ier of the materials in the plasma because of the centri-
fugal force of the rotating plasma. That part of the 
plasma which passes through the center opening 16a of 
skimmer 13a is thus, enriched in the lighter materials. 
After passing through skimmer 13a, the plasma continues 
to rotate and again is forced centrifugally outwards by 
the rotation thereof. The plasma then strikes skimmer 13b 
and again material is removed which is more concentrated 
in the higher weight material with a further enriched or 
concentrated lower weight material passing through the 
opening 16b and moving to the third stage. The continual 



1 enrichment continues through the various stages until, 

after passing through the final skimmer 13n, the plasma 
is collected on collector 17. 

Figure 2B is a graph showing the shape of the 
5 axial magnetic field on the periphery of the plasma arc.. 

As can be seen, there is dip in the magnetic field at each 
skimmer 13. This dip causes a slight expansion of the 
plasma as it passes through the openings in the center of 
the skimmers 13. 

10 • ' As can be seen, since part of the material form-

ing the plasma is collected on each of the skimmers, the 
amount of material which reaches the collector is less than 
the original starting material. The amount of material 
which reaches the collector is called the "cut". In gen-

15 - eral, as the number of stages increases, the cut increases 
for a fixed enrichment; or the enrichment will go up and 
the cut remain fixed as the number of stages increases. 
Further, the fraction of material collected on each skimmer 

2 is a function of 1- (J* /R ) , wherein R is the annulus a w a 
20 radius and R., is the wall radius. . w 

Figure 3 is a graph illustrating the number of 
stages versus g, where $ is the reciprocal of the square 
of the mean radius of the plasma column. 

The embodiment shown in Figures 1 and 2 is used 
25 when it is desired to enrich or concentrate a lower atomic 

weight material in the starting material or target. As 
can be seen, it is the heavier atomic weight material which 
is removed by the skimmers, and thus, a lower atomic weight 

-7-
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1 material is enriched on the collector. When, however, it 

is desired to enrich the heavier atomic weight material 
which is in the target, a different shaped skimmer must be 
used. Referring to Figure 4, an alternate embodiment is 

5 shown in which each skimmer 113a, 113b ... 113n comprises 

an outer annular portion and a center portion 115a, 115b 
... 115n. As the plasma rotates, the heavier material moves 
outward to a greater degree than the lighter material and, 
therefore, as the plasma passes through skimmer 113a, the 

10 lighter material at the center of the plasma arc strikes 
portion 115a of the skimmer 113a and is collected thereon. 
Thus, after passing through skimmer 113a, the plasma is 
more concentrated in the higher atomic weight material. 
After passing through the skimmer, some of the material 

15 ~ will move inwards towards the center. However, the rotation 
of the plasma will again tend to move the heavier material 
towards the outer portion of the rotating plasma arc. As 
the arc moves towards the collector 117, it will pass 
through skimmer 113b. Again the lighter materials which 

20 are more concentrated at the center of the plasma, because 
of the rotation of the plasma, will strike portions 115b 
of skimmer 113b and be collected thereon. The plasma 
continues to be separated by additional stages until it 
has passed through skimmer 113n, after which it is collected 

25 on collector 117. 

It should be noted that initially when the plasma 
is formed, the lighter and heavier materials are randomly 
distributed throughout the plasma. As the plasma rotates, 

-8-
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the heavier material tends to move towards the outer 
portion and the lighter material tends to remain in the 
center portion of the plasma. However, it should be under-' 
stood that movement of all of the heavier material to the 
outer portion of the plasma and concentration of all of 
the lighter material in the center of the plasma is merely 
an ideal situation and that in reality, there are, of 
course, significant amounts of the heavier material in the 
center portion of the plasma and lighter material in the 
outer portion of the plasma. Thus, when the plasma strikes 
the end plate collector after passing through a series of 
separation stages, while the total material collected is 
indeed enriched in the heavier or lighter substance (de-
pending on which embodiment is used), there is, in addition, 
a greater concentration of the heavier substance towards 
the radially outward portion of the end plate collector 
and a resulting greater concentration of the lighter sub-
stance at the radially inward portion of the end plate 
collector. Further separation is thereby effected by in-
creasing concentrations of one of the substances as com-
pared to another at differing radial portions of the end 
plate collector. 

The present invetnion may be embodied in other 
specific forms without departing from the spirit or essent-
ial characterisitics thereof. The presently disclosed 
embodiments are, therefore, to be considered in all respects 
as illustrative and not restrictive, the scope of the in-
vention being indicated by the appended claims rather then 
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1 the foregoing description, and all changes which come within 

the meaning and range of equivalency of the claims are, 

therefore, to be embraced therein. 

5 

10 

15 

20 

25 

- 1 0 -



1204228 
The embodiments of the invention in which an 

exclusive property or privilege is claimed are defined 

as follows: 

1. An apparatus or centrifugally separating substances 

of different atomic weights, said apparatus comprising: 

Ca) vessel means having a longitudinal axis; 
(b) vacuum means for creating a vacuum in said 

vessel; 
Cc) magnetic field generating means for generat-

ing a magnetic field in said vessel means, parallel to the 
longitudinal axis of said vessel means ; 

(d) target means comprised of said substances, 

said target means being positioned within said vessel 

means at one end thereof; 

Ce) collector means positioned within said vessel 

at the other end thereof ; 

(f) energy means for applying energy to said 

target means and thereby ionizing at least a portion of 

said substances and forming a plasma therefrom; 

(g) power supply means connected to said target 

means for providing an electric current thereto wherein the 

current flow through said target means causes the further 

ionization of said substances and thereby the formation of 

additional plasma therefrom; 

(h) wherein said ionized plasma is rotated and 

moved from said target means to said collector means by 

said magnetic field whereby at 'least a portion of said 

/ / 
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Claim 1 continued... 

ionized substances are separated by the centrifugal force 

resulting from the rotation thereof; and 

said vessel means in the path of a portion of said 

ionized plasma such that said portion of said ionized 

plasma strikes said skimmer means and is collected thereon 

and the remainder of said ionized plasma continues moving 

along said vessel means towards said collector means. 

2. An apparatus as set forth in claim 1, wherein said 
skimmer means comprises an annular member in said 
vessel, the axis of said annular member coinciding with the 
axis of said magnetic field generating means. 

3. An apparatus as set forth in claim 1, wherein said 
skimmer comprises an annular member and a disc, said disc 
being positioned in the space of the center of said 
annular member wherein the radius of said disc is less 
than the inner radius of said annular member and the axis 
of said disc and said annular member coincide with the axis 
of said magnetic field generating means. 

4. An apparatus as set forth in claim 1, 2 or 3, 
wherein said skimmer means is an iron ring. 

5. An apparatus as set forth in claim 1, 2 or 3, 
wherein said skimmer is a magnetic coil. 

(i) at least one skimmer means extending into 
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6- A method of separating substances of different 

atomic weights, said method comprising: 

(a). placing said substances in a vacuum; 

(b) applying energy to said substances from 

ionizing a portion thereof to form a plasma ; 

(c) passing a current through said substances 

and the ionized portion thereof for further ionizing 

said substances and thereby forming additional plasma 

therefrom; 

(d) applying a magnetic field to said ionized 

plasma for rotating said ionized plasma and moving said 

ionized plasma in a direction away from the un-ionized 

portion of said substances, wherein the rotation of said 

ionized plasma centrifugally separates at least a portion 

of said substances; 

(e) passing said ionized plasma through a 

plurality of skimmer means extending into the rotating 

ionized plasma such that a portion of said centrifugally 

separated ionized plasma, is collected on each of said 

skimmer means ; and 

(f) depositing said centrifugally separated 

and skimmed ionized plasma on a collector. 

7. A method as set forth in claim 6, including 
weakening said magnetic field as said ionized plasma passes 
through said skimmer means. 

8. A method as set forth in claim 6, including 
collecting the central portion of said centrifugally 
separated ionized plasma on said skimmer means. 

/3 
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9. A method as set forth in claim 6, including 

collecting the outer portion of said centrifugally 

separated ionized plasma on said skimmer means, 

# 
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