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WI ABSTRACT 
Apparatus for the separation and extraction of molecu- 
lar isotopes. Molecules of one and the same isotope are 
preferentially photo-dissociated by a laser and an ultra- 
violet source, or by multi-photon absorption of laser 
radiation. The resultant ions are confined with a mag- 
netic field, moved in opposite directions by an electric 
field, extracted from the photo-dissociation region by 
means of screening and accelerating grids, and collected 
in ducts. 

506-5 15 (1974). 

4 Claims, 1 Drawing Fimre 
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APPARATUS FOR EXTRACTION AND 
SEPARATION OF A PREFERENTIALLY 

INTO POSITIVE AND NEGATIVE IONS BY 
MEANS OF AN ELECI'RIC FIELD 

ORIGIN O F  THE INVENTION 
The invention described herein was made in the per- 

formance of work under a NASA contract and as sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 USC .435; 42 USC 2457). 

BACKGROUND OF THE INVENTION 

PHOTO-DISSOCIATED MOLECULAR ISOTOPE 

1. Field of the Invention 
The present invention relates generally to an isotopic 

separation and extraction process for uranium in partic- 
ular but not exclusively. 

2. Description of the Prior Art 
An essential step in the processing cycle of uranium 

fuel is the enrichment of the U235 isotope content of the 
natural UF6 from a concentration of 0.7% U235 to a 
concentration of 2 to 4% U235 for the "conventional" 
light-water power reactor fuels, or to a concentration of 
about 90% U235 for the high-temperature gas cooled 
type power reactor. The enrichment step is not only 
important but it accounts for about f of the total fuel- 
cycle cost. Experiments in the Soviet Union and US 
have demonstrated that efficient isotope separation is 
possible using a laser method based on the selective 
2-step photo-dissociation of molecules by the simulta- 
neous application of infra-red and ultra-violet radiation 
(JETP letters 17, 63 (1973)) or multi-photon absorption 
from a laser source (Appl. Phys. Letters 27, 87 (1975)). 
Similar methods could be used for the selective photo- 
dissociation of UF,isotopes, UF6+UFs+ + F-. A laser 
isotope separation technique has also been disclosed in 
US. Pat. No. 3,443,087 isused to J. Robieux et al. 

The selective two-step photo-dissociation takes place 
by first exciting one of the isotopic molecules from the 
vibrational ground state to an excited state, both mole- 
cules initially being in the electronic ground state. This 
vibrational-rotational transition is in the infrared region 
and is produced by a pulse from a laser tuned to this 
frequency. Immediately following this infrared pulse, 
an ultra-violet pulse excites the selected molecules to an 
unbound level in the electronic excited state and the 
combined two pulses produce the selective photo-dis- 
sociation. Another method of preferentially dissociating 
a molecular isotope species is by multiple photon ab- 
sorption, which transports the molecule up the vibra- 
tional manifold to dissociation. Multiple photon absorp- 
tion occurs through either of the following processes: 
(1) Sequential absorption of n photons by the molecule 
where the molecule passes through real intermediate 
quantum states (until dissociation occurs); (2) simulta- 
neous absorption of n photons by the molecule where 
the molecule passes through virtual intermediate quan- 
tum states (until dissociation occurs). The number n> 1 
is determined by the dissociation energy of the selected 
molecular isotope and the laser frequency. In these 

absorption cross section is in general much larger than 
the single photon absorption cross section in the ultravi- 
olet region. 

A problem as important as isotope separation is that 
of effective extraction of the selected isotope ions from 
the molecular isotope mixture. The Robieux et al. pa- 
tent teaches that the produced molecular ions may be 
separated somehow from the neutral molecules by use 
of the electric or magnetic fields. However, there is no 

lo specific disclosure of how to maximize the efficiency of 
the extraction process so as to permit the achievement 
of continuous and efficient collection of isotopes. 

SUMMARY OF THE INVENTION 
It is therefore one object of the present invention to 

provide an improvement in the process of separation 
and in particular extraction of isotopes. 

It is another object of the present invention to pro- 
20 vide such an improvement which is practical in opera- 

tion. 
It is yet another object of the present invention to 

provide such an improvement which will cheaply and 
efficiently selectively produce molecular isotopes and 

The objects of the present invention are achieved by 
a method for separating and extracting isotopes of a 
gaseous mixture containing a first isotope having a first 
excitation energy level and a second isotope having an 

30 excitation energy level different from the first excitation 
energy level. The method comprises subjecting the 
gaseous mixture to radiation emitted by a first radiation 
source at a predetermined frequency that excites the 

35 molecules of the first isotope but not the molecules of 
the second isotope, subjecting the gaseous mixture to 
radiation emitted by a second radiation source at a pre- 
determined frequency which dissociates the excited 
molecules of the first isotope but not the nonexcited 

40 molecules of the second isotope. Another method of 
photodissociation is to subject the molecular isotope 
mixture to a laser beam of high power density (P> lo8 
Watts/cm2) so that the isotope molecule to be separated 
absorbs subsequently or simultaneously the number of 

45 laser photons required for its dissociation into fragments 
of positive and negative charge. The laser frequency lies 
in such a narrow band that the first isotope molecule 
species absorbs preferentially while the second isotope 
molecule species does not significantly absorb. The 

50 method further comprises the steps of confining the 
charged dissociation products in the mixture with a 
magnetic field and exposing the gaseous mixture to an 
electric field which selectively moves the charged dis- 
sociation products in the mixture in reverse directions, 

55 accelerating the dissociation products of positive 
charge in the mixture through a first extraction grid 
system characterized by a first potential difference, 
accelerating the dissociation products of negative 

6o charge in the mixture through a second extraction grid 
system characterized by a second potential difference, 
collecting the dissociation products of positive charge 

15 

25 other isotopes. 

multiple photon processes, the isotopic selectivity is 
established by the much higher transition probability in 
the first few intermediate steps for laser frequencies 65 
tuned to match one isotopic species. The latter method 
eliminates the need for a high power ultraviolet radia- 
tion source, and is more efficient since the multiphoton 

in the first duct, and collecting the dissociation products 
of negative charge in the second duct. 

The foregoing as well as other objects, features and 
advantages of the present invention will become more 
apparent from the following detailed description taken 
in conjunction with the appending drawing. 
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BRIEF DESCRIPTION OF THE DRAWING 
The FIGURE is a schematic diagram of a photo- 

chemical reactor incorporating two ion extractors 
which are utilized in performing the process of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to the FIGURE there is illustrated a photo- 
chemical reactor for carrying out the method steps of 
photo-dissociating one species of isotopic molecules 
into positive and negative ions. A gaseous stream of 
isotopic polar compounds, for instance hydrogen chlo- 
ride, HC13’ and HC13’, flows between the inlet 11 and 
the outlet 12 of a vacuum chamber 15 having longitudi- 
nal symmetry. Narrow band laser radiation originating 
from a first radiation source 17 is directed through a 
focusing device 19 into the chamber 15 through a win- 
dow 21. Ultra-violet radiation from a second radiation 
source 23 is let subsequently into the chamber 15 
through a window 25 and a focusing device 27. The 
ultra-violet radiation is prevented from reaching the 
laser source 17 by a filter 29. The laser source is tuned 

5 

10 

15 

20 

to the desired predetermined frequency for exciting the 25 
molecule of onlv one of the two comoounds both of 
which initially are in the electronic ground state. The 
laser radiation excites the molecules of the first com- 
pound from a vibrational ground state to an excited 
state, the band of the radiation being sufficiently narrow 
as not to excite molecules of the second compound 
which has an excitation energy level different from that 
of the first compound. The ultra-violet source 23 pro- 
vides radiation at a predetermined frequency to cause 
the excited molecules to reach an unbound level in the 
electronic excited state and become dissociated (HC1- 
H+ + Cl-), while the non-excited molecules still in the 
ground state, will not reach the unbound level and will 
not become dissociated. On the other hand, if the multi- 
ple photon dissociation mode is used, narrow band laser 
radiation originating from a high power (P>108 
Watts/cm2) laser source 17 is directed through a focus- 
ing device 19 into the chamber 15 through a window 21. 
Selective dissociation of only one of the isotopic polar 
compounds into positive and negative ions (HCl+H+ 
+ Cl-) is accomplished by employing a laser frequency 
tuned to match the first molecular levels of the com- 
pound which is to be separated. In both photo-dissocia- 
tion methods, the chamber pressure of the molecular 
isotope mixture is chosen to ensure an optimum dissoci- 
ation rate and a minimum recombination rate of the 
positive and negative ions. The electric field applied to 
the chamber is chosen sufficiently weak to avoid electri- 
cal breakdown at the respective chamber pressure. 

Two ion extractors are incorporated with the photo- 
chemical reactor for carrying out the method steps of 
extracting the isotopic ions and will now be described. 
The ions produced are confined to the inner region of 
the vacuum chamber 15 by a longitudinal magnetic field 
in order to prevent recombination of ions of opposite 
charge at the walls. A longitudinal magnetic field can be 
provided, e.g., by a coil 31 whose windings are coaxial 
with the longitudinal axis of the vacuum chamber. Two 
electrode systems are maintained at opposite ends of the 
chamber to separate ions of opposite charge and collect 
them in the ducts 33 and 35. A first screening grid 37 is 
disposed along the longitudinal axis at one end of the 
chamber 15 and has applied thereto a potential V3. A 
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4 
second screening grid 39 is disposed along the longitu- 
dinal axis at the other end of the chamber and has ap- 
plied thereto a potential V, greater than V3. The gase- 
ous mixture is thereby exposed to a longitudinal electric 
field created by the difference in potential V3 - V, which 
selectively moves the ions of opposite charge in reverse 
directions. A first accelerating grid 41 is disposed along 
the longitudinal axis of the chamber behind the first 
screening grid 37 and has applied thereto a potential V, 
less than V3. The difference in potential in the region 
between the first accelerating grid 41 and the first 
screening grid 37, V, - V3, accelerates the molecular 
dissociation products of positive charge in a beam, the 
direction of which is along the longitudinal axis of the 
chamber, and the positive ion beam thus produced is 
collected in the right duct 33. A second accelerating 
grid 43 is disposed along the longitudinal axis of the 
chamber, behind the second screening grid 39 and has 
applied thereto a potential VI greater than V2. The 
difference of potential between the accelerating grid 
and the screening grid, VI - V,, accelerates the molecu- 
lar dissociation product of negative charge in a beam, 
the direction of which is along the longitudinal axis of 
the chamber and the ion beam thus produced is col- 
lected in the left duct 35. Since the ions are to be ex- 
tracted at equal rates, and since the ions of unlike charge 
will have different masses, the differences of potential in 
the region between the screen grid and accelerating 
grid of the respective sets of electrods are chosen so that 
the molecular dissociation products of opposite charge 
and different mass emerge at optimum rates at the ducts. 

Obviously, numerous additional modifications and 
variations of the present invention are possible in the 
light of the above teachings. For example, a useful mod- 
ification would be to neutralize the charged particle 
beams in the ducts to prevent beam spreading and wall 
losses. The positive ion beam is readily neutralized by 
injecting electrons from a neutralizer discharge, as dis- 
closed in U.S. Pat. No. 3,156,090. The electrons at- 
tached to the particles of the negative beam could be 
removed, e.g., by charge exchange in presence of a 
more electronegative gas in the left duct. 

What is claimed as new and desired to be secured by 
letters patent of the United States is: 

1. Apparatus for separating and extracting isotopes of 
a gaseous mixture containing a first isotope species hav- 
ing a first excitation energy level and a second isotope 
species having an excitation energy level different from 
the first excitation level comprising: 

a first radiation source for subjecting the gaseous 
mixture to radiation at a predetermined frequency 
that excites the molecules of the first isotope and 
not the molecules of the second isotope; 

a second radiation source for subjecting the gaseous 
mixture to radiation at a predetermined frequency 
which dissociates the excited molecules of the first 
isotope into dissociation products of opposite 
charge but not the nonexcited molecules of the 
second isotope; 

a magnetic field for confining the charged dissocia- 
tion products in the mixture; 

an electric field means for selectively moving the 
dissociation products of opposite charge in the 
mixture in opposite directions; 

one grid means having a first region characterized by 
a first potential difference for accelerating the dis- 
sociation products of positive charge in the mixture 
through said first region; 
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a second grid means having a second region charac- 
terized by a second potential difference for acceler- 
ating the dissociation products of negative charge 
in the mixture through said second region; 

a first collection means for collecting the dissociation 
products of a positive charge comprising a first 
duct; and 

a second collection means for collecting the dissocia- 
tion products of negative charge comprising a set- 10 
ond duct. 

a magnetic field for confining the charged dissocia- 
tion products in the mixture; 

an electric field means for selectively moving dissoci- 
ation products of opposite charge in the mixture in 

one grid means having a first region characterized by 
a first potential difference for accelerating the dis- 
sociation products of positive charge in the mixture 
through said first region; 

another grid means having a second region character- 
ized by a second potential difference for accelerat- 
ing the dissociation products of negative charge in 
the mixture through said second region; 

a first COlleCtiOn means for collecting the dissociation 
products Of positive charge; and* 

a second collection means for collecting the dissocia- 
tion products of negative charge. 

3. Apparatus as claimed in claim 2, wherein the beam 
of the laser has a high power density of greater than 108 

5 opposite directions; 

2. Apparatus for separating and extracting isotopes of 
a gaseous mixture containing a first isotope species hav- 
ing a first excitation energy level and a second isotope 
species having an excitation level different from the first l5 
excitation level comprising: 

a laser for subjecting the gaseous isotope mixture to a 
beam tubed to match the energy levels Of the first 
isotope and which has sufficient power density to 2o watts/cm~, 
directly dissociate this molecular isotope by Se- 
quential absorbtion of n photons into changed dis- 
sociation products but not the second molecular 
isotope; 

4. Apparatus as claimed in claim 2 including 
for neutralizing said dissociation products of positive 
change in first collection means. * * * * *  
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