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ARSTRACT

The present inventlon relates to deuterium lso-
tope separation and enrichment. Presently, multi«stage
equllibrium partition methods are employed fo coricentrate
haturally occurring deuterlum. Such methods 1lnvolve bulky
equipment and large materlals handlling problems because of
low enrichment factors per gtage. Therefore, there is low
throughput and long time periods involved 1In order to attaln
steady sbtate equilibrium condlbtions. The present inventilon
overcomes these deficlencles by providing a method of separ-
ating deuterium from certain normally commercially available
sources such as ethylene, vinyl chloride, 1,2-dlchloroethane
and propylene using tuned infrared lasers to selectlvely
decompose such compounds into enriched molecular products
containing deuterium atoms. The deuberium containling mole-
cules can be easlly separated from the starting material by
absorption, distlllation or other simple chemlcal separation
technligues and methods. After evaporation such deuterilum
contalnling molecules can be burned to form water with an
enriched deuterlum content or pyrolyzed to form hydrogen
gas with an enriched deuterilum content. The present inven-
tion results in obtaining amounts of deuterium or heavy water
as a valuable by-product from commerclal chemlcal processes,.



10

15

20

25

1427154

METHOD OF DEUTERIUM ISOTOPE SEPARATION USING
ETHYLENE AND ETHYLENE DICHLORIDE
TECHNICAL FIELD

The present inventlon generally relates to deuter-
ium lsotope separation and enrichment and more particularly
to deuterium isotope separation and enrichment using infra-
red laser technology.

BACKGROUND OF THE PRIOR ART

Deuterium occurs in nature to the extent of about
0.014%. Presently, multi-stage equilibrium partition methods
are employed to concentrate the naturally occurring deuter-
ium. Such methods involve bulky equlpment and large mater-

l1als handling problems because of low enrlchment factors per
stage. Therefore, there is low throughput and long time
periods involved in order to attain steady state equilibrium
conditions. The most currently used process handles explo-
sive and highly toxlc materials in large quantities; and,
thus constitute a serilousihazard to publlic health safety.
Prior art systems using counter-current extrac-—
tlon and exchanges are well-known and the principles thereof
are described in Kirk-~Othmer,  "Encyclopedia of Chemical
Technology" - 2nd edition. John Wiley & Sons, New York,
Vol. 8 -~ Chapter on "Extraction'", E. G. Scheilbel (1965) and
Vol. 13 -~ Chapter on 'Mass Transfer", A.H.P. Skelland (1967).
Also, the following references describe some of
the presently known isotope separation techniques: Wllliam
Spindel, "Isotope Separation Processes', A.C.S. Symposium
Serles, 1ll, "Isotope and Chemical Principles’, Page 77,
Am. Chem. Soc.  (1957), Washlngton, D. C. (includilng
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references contalned thereln e.g., . T. Rarr and W. P.
Drews, Chem. Eng. Progress, 56, 49 (1960)): and P. B. Lumb,
Nucl. Eng. Int., Page 64 (June, 1976)).

Iaser technology has been recently used for pro-
ducing isotoplcally selective chemlcal reactions and isotope
separation. Developments 1n laser technology have demon-
strated the use of tuned, infrared lasers to '"pump up” the
internal energy of a speclfied molecule to the polint where
1t can decompose. For example, varlous laser technliques
involving separation of lsotopes are described in "Experi-
mental and Theoretlcal Studles of Laser Isotope Separation',
by J. P. Aldridge, et al, prepared by The Los Alamos Scilen~
tifilc Iaboratory (LA-UR-75-2368) and "Isotopically Selectilve
Photochemistry”, by R. V. Ambartzumian and V. 8. Letokhov,
published in the July, 1975, edltlon of laser Focus.

Other patents whlch Appllcant is aware of dealing
wilth Infrared laser excitation are dlscussed and clted below.

U. S. Patent No. 3,941,670 (Pratt, Jr.) deals
wlth sterilizatlon of large molecules (bacteria, DNA, pro-
teins) using iInfrared lasers in the frequency range of
3500m"1 to 3500 em™t. While Pratt, Jr., briefly discusses
petroleum cracking of large oll molecules, the discusslon
1s bullt about analogles to the large blochemical molecules.

U. S. Patent No. 3,951,768 (Gurs) dilscloses the
concept of uging infrared laser energy to exclte or "heat’
a bond In a molecule wlth a slngle photon. He estlmates
that the single photon absorption (at about 1000 cm'l) willl
heat a molecule by 1000°C., and thus accelerate 1ts tendency
to react by the Arrhenius factor exp(E/RT). The entilre
concept and discusslons of the Gurs inventlon 1is restricted
to low power single photon absorption and does not relate
to the fleld of high-power, multiphoton infrared absorptlon.

U. 3. Patent No. 3,983,020 (Moore et al) relataes
to elecbronic excitatlion of molecules with upper electronilc
states whilch can predlgsoclate., Thus, it confilnes 1ltself
to slngle photon absorption and does not involve, or relate
to, infrared multiphoton processes, or varlatlons thereto.

In addition, the Applicant wilshes to make of
record in thils applilcation U. §. Patent Nos. 3,904,500
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(Jensen) and 3,947,335 (Marling).

None of the prior art technilques known to the
inventor teach the presently invented method for deuterium
1sotope enrichment using high-power intense tuned multiphoton
infrared laser technology to selectlively dissoclate specific
organlc molecules of some commercially used raw materials
havling appreciable amounts of deuterlilum and to separate the
deuterium enriched molecular species from the depleted
molecular specles (without any need for radical scavengers).
In scme cases the depleted molecular materlal can be treated
Wwith an inexpensive materlal, such as water, to replenish
the deuterium content for recycling purposes.

Applilcant's Canadian patent No. 1,085,341
used simllar technology primarlily for extracting large
quantities of deuterium to supply the tremendous demands of
heavy water reactors. The present invention provides an
attractlve method for obtailning smaller quantitles of deuter-~
Ium from commercially used raw materials which contain
significant amounts of deuterium and whilch are readlly
avallable since they are used at annual rates 1n the range
of billlons of pounds. Because of the prlces of organic
chemlcals and heavy water, the chemical feed stocks con-
templated by the present inventlion can be economically
processed on a once-through operational bagls without the
necesslty for recycle or exchange.

BRIEF SUMMARY OF THE INVENTION
The avallabilllty of deuterium in large amounts

s of great practlcal lmportance to the technology of nu-
clear flssion reactors. Deuterium (in heavy water) is used
ag a moderator Iln nuclear flssion reactors. The present
inventlion makes the productlon of power from a heavy water
moderated readtor much more economlcal. A heavy water
regetor hag a major advantage of belng able to operate on
natural uranlum and does not requlre enrilched uranlum.
Slince the cost of pure heavy water 1s an appreciable portlon
of the capltal costs and a lesser but signifilcant part of
the overall operating expenses of a heavy water reactor,
the availlabllity of lnexpenglve heavy water 1s of great im-
portance 1n the nucleay flssilon reactor fileld.

-3 -
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As described above, laser technology has developed
whereby intense tuned, infrared lasers can now be used to
cause a gpeclfled molecule to selectively decompose. The
present invention makes use of thls technique to dilssocilate
speclal clagses of organilc molecule which willl prefer-
entlally decompose into stable molecular products rather
than reactlve radicals. If reactive radicals are produced,
then one must simultaneously introduce radical scavengers
to prevent the 'scrambling' of identity between the iso-
toplecally selected, lrradlated moclecules and the non-isotope
bearing molecules in a vessel or contalner. Stable molecular
fragments which do not readily react avold such “scrambling”
problems. The present invention eliminates the reduced
ylelds which are typlecally inherent when reactive radicals
are produced and also eliminates the need to handle large
amounts of radical scavengers.

The present invention contemplates as feed stocks
use of certain raw materials (i.e., ethylene, vinyl chloride,
1,2 dilchloroethane and propylene) which are commerclally
produced 1n the range of blllions of pounds per year. It
is possible, by using the present lnventlon, to obtain
attractive yields from such readily available materials by
a slmple once-through process without the need for recycling
or exchange of the deuterium depleted molecules. In some
instances, 1t may be desirable to recycle or exchange the
deuterium depleted molecules. However, based upon the
quantity of deuterilum which can be obtained as a valuable
by-product from a typlcal petroleum plant on a single pass
operatlon, the present lInventilon ls economically feasible
even when gmaller relative ylelds of deuterlum are ocbtalned.
For example, a petroleum plant may produce one bllllon
pounds per year of ethylene or propylene. From such a plant
1t is possible to extract by laser photolysis as much as
200,000 pounds per year of heavy water. Since the ratio of
market prilce of most organlc chemlcals in this volume are
somewhere around 1,000 fold less than for heavy water, the
potentlal market value of such a by-product may be about 10%
to 20% of the organic chemlcals produced. The profitability
can be even higher. Silnce there are no large economies of

-4 -
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scale 1in employing the present invention, it can be Just as
attractive to plants which produce one million pounds of
organic chemicals as it 1Is to larger plants.

The organic materials which are commercially
avallable in quantity and which lend themselves readlly to
the selectilve laser radiation of the present lnvention are
ethylene (CZHM)’ vinyl chloride (CHECHCl) 1, 2 dichloroethane
(CH2010H2C1) and propylene (CSH6)'

Brilefly, normal molecules of the aforementloned
compounds (i.e., those molecules containing a normal abun-
dance of hydrogen and deuterium) are exposed to suitably
ffocused intense infrared laser beam radiliation. The Infrared
spectra of the molecules having deuterium will differ
appreclably from the non-deuterated specles. By proper
tuning, focuslng and pulsing of an infrared laser, substan-~
tlally all of the deuterium containing molecules exposed to
the laser can be selectively dissoclated and the deuterium
containing products separated from the starting material
and obther reaction products.

Under proper condltions after exposure to the
lager radiatlon a molecular compound containing the deuterium
atom and either Hg or HCL 1s formed. The molecule with
deuterium ls stripped from the undecomposed, deuterium
depleted stream of organic compounds and H2 or HCIL. The
enriched molecular compound can be burned to form water with
an enrlched deuterilum content or pyrolyzed to form hydrogen
gas wlth an enriched deuterlum content.

The unreacted molecules depleted of thelr deuter-
lum contailning specilesg can then be handled, treated and/or
used In the normal fashlon. If desired, the recycle arrange-
ment can-be used for the ethylene and propylene deterium
depleted molecules and can be exchanged with normal water or
hydrogen to restore the normal lsoteoplc composltion and then
catalytically recomblned, 1f necessary, to form compounds
whilch can be recycled.

The detaills of the lnvented method, as well as
the theory of operation, wlll be better understood in light
of the discussions and explanations of the annexed drawing
and the preferred methods and technliques described herein-
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alfter.
BRIEF DESCRIPTION OF THE DRAWINGS

The drawing is a block type flow diagram showing
in schematic form a preferred form of the invented process
for obtalnlng deuterium isotope enrichment.

DETATLED DESCRIPTION OF THE INVENTION

It 18 highly deslrable to Try and lncrease the
initial concentration of deuterlum 1n processes whilch
invelve the production of heavy water or any processes whilch
require substantially pure deuterium. The invented method
results In increasing the initial concentration of deuterium
to about 10% to 20% from the normally availlable abundance of
0.004% 1n one step. Such a 1000 fold increase in the mag-
nitude of the 1nitial concentratlon of deuterlum greatly
improves the efficiency so that even low temperature dis-
tillatlon techniques could be employed effectlvely in con-
centrating. the deuterium lsotope to about 90% to 99.9%
purity (either as DEO or D2).

The present lnventlon utilizes certaln organic

compounds which are commercially manufactured 1ln large
guantity and which can be selectlvely decomposed on a once-
through basls Into enriched molecular products containing
deuterlum atoms. The organic compounds which lend them- 7
gelves to the present invention are ethylene, vinyl chloride,
1, 2-diclorcethane and propylene. The economlce of the
chemlcal industry is such that even on a once-through basis
the deutefium or heavy water which can be produced as a by-
product in the manufacture of the aforementioned organlc
compounds 1s quite valuable even on a small scale basils.

The probavility of a molecule having & deuterium
atom depends generally upon the number of hydrogen atoms
and thelr position in the molecule. All the preferred
organlic compounds disclosed herein contaln betiveen 3 &nd 6
hydrogen atoms.

The infrared spectra of the deuterated species of
molecules for the aforementiloned organic compounds will
dlffer apprecilably from thelr respective non-deuterated
specles. In particular, they wlll all have a unlque stretch~
ing frequency at about 2100 cm"1 and a unlgue bendlng fre-
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gquency at about 900 cmml which will be clearly dilstinguish-
able from the hydrogen only related deformation frequencies
in the same region. Current CO or HBr lasers are readily
adapted to tuning at the 2100¢m™t frequency region while
002 and NEO lasers can béltuned to the appropriate frequency
in the vicinity of 900cm ~,. A freguency-doubled 002 or NEO
laser can also be used in the 2100cm reglon. Suitable spec-

tra data may be found 1in G. Herzberg, Infrared and Roman

Spectra of Polyatomic Molecules, D, van Nostrand Co., New

York (1945); and, in A.P.I. Res. Project 44, "Selected
Infrared Spectral Data’. Thermodynamlcs Research Center,
Texas A & M Unilversity, Bryant, Texas.

For each of the selected compounds (l1.e., ethylene,
vinyl chloride, 1,2-dichloroethane or propylene) one can
determline by conventlonal methods from avallable references
its spectroscopy. Then intense tuned infrared laser sources
of ﬁptimum wave length can be employed to obtalin the desired
separation and increased initial concentrations of deuterium.
For each organilc molecule one should do the necessary spectro-
scopy both on the non-deuterated and the one or more posslible
mono~deuterated species to determine the optimum wave length
to be used in exclting the deuterium contalning molecule
wlth the infrared laser., The ldentificatlon of sultable
spectral bhands lnvolves trlal and error procedures. One
starts by finding the frequenciles at which the monodeuterated
compound absorbs whlle the non-deuterated is transparent.
Only these frequencies need to be tesgted to see which lead
to high efficlency decomposltion in the laser beam. Once
this 1is accomplished the normally occcurring populatlon of
the selected compound is exposed to the properly focused
infrared laser beam. The proper focusing will depend on
the pressure and molecules to be used using conventional
pretesting and optimizatlon technligues known in the infrared
laser fleld. Standard llght plpes may be used, if deslred,
to make more efficient use of the laser beam.

In operatlon, a single laser beam can be used 1in a
pulsed mode with a sultably chosen light pipe so that 50% or
more of the incident energy may be absorbed by the deuterium
contalning species in the path length. Alternatilvely,

-7 -
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two laser beams can be used, one which is a relatively weakly
focused beam, but carefully tuned to give high isoctopilc
selectivity and, a second beam which is a more strongly
focused beam of higher energy density with lesser requilre-
ments on beam quality and tuning to provide the necessary
dissoclation energy to dissoclate the molecules excited by
the weaker beam.

The probabilities of obtaining the deuterium atom
for a partlicular compound can be determined from the liter-
ature. Pertinent data can be found in the followlng refer-
ences: P. J. Robinson and K. A. Holbrook, "Unimolecular
Reactions", Chapter 9, (esp. page 303), Wiley-Interscience,
London (1972); and C. J. Collins and N. S. Bowman, ed.,
"Isotope Effects in Chemlcal Reactions', Am. Chem. Soc.
Monograph (1970), Washington, D. C.

Of the chemicals which are currently 1n large
guantity chemical production only a few chemical compounds
lend themselves to deuterium separation by the multi-photon
laser photolysis technlique of the present invention. These
compounds are ethylene (CQHM), vinyl chloride (CH2C}101),

1, 2~dichloroethane (CH201CH201) and propylene (03H6>'

When ethylene is photeolyzed in an infrared beam it
produces hydrogen (HE) plus acetylene (02H2). The deuterium
atom in the original 02H3D wlll tend to remain in the acety-
lene rather than the H, . This effect has been discussed 1n
the December 1977 lssue of Chem. Phys. Letters in an article
by A. J. Colussl, R. J. Hwang, H. Tslee and 8. W. Benson.
Thus, the process wlll requlre separatlon of acetylene and
hydrogen from the unreacted ethylene. This can be done in
a number of ways Iincluding selectlve absorptlon on suitable
catalysts such as zeolites or transitlon metal catalysts.

Vinyl chloride will photolyze into acetylene
(CEHZ) plus hydrogen chloride (HC1l). The deuterium atom
remaining preferentially in the acetylene. Again the
products could be separated from the undecomposed vinyl
chlorlde Iin the manner descrilbed above for ethylene.

Dichloroethane 1ls the best sulted of the preferred
molecules of the present Inventlion for the deuterium separa-
tion. The precducts after the 1, 2-dichloroethane 1s photo-

-8
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lyzed are vinyl chloride with the deuterium atom plus HCL.
The vinyl chloride 18 easlly separated from the undecomposed
parent compound using actlvated charcoal or zeolltes as is
the HC1l. The spectroscopy of dichloroethane is especially
simple since all the H atoms are equivalent.

When propylene is photolyzed the products are
somewhat more complex, being elther hydrogen plus methyl
acetylene or hydrogen plus allene. However, as described
for prevlous cases these products can be selectively separ-
ated. The deuterium atom again wlll tend to remaln in the
methyl acetylene and/or 1n the allene rather than in the H
as was the case for ethylene.

2

The invented process discussed above willl now be
described with reference to the annexed drawing which shows
in a schematic flow dlagram form the presently preferred
verglion of the process. It should be understood that
except where otherwise indicated, all the organic compounds
(1.e., ethylene, vinyl chloride, 1,2-dichloroethane and
propylene) previously ldentified and discussed behave and
function In substantially the same manner. Therefore, we
shall sometimes refer to all such organic compounds as the
"selected organlc molecules".

As explained previously, the varlous selected organle

molecules readlly lend themselves to selective radlation of
deuterium containing molecules when subjected to intense
tuned, infrared lasers, such as CO, CO, or N,0 lasers. As
shown in the drawlng, normal selected organilc molecules 10
(i.e., those molecules containing a normal abundance of
hydrogen and deuterium) are exposed to a suiltably focused
infrared laser beam whlch 1s pulsed in the laser reactor A.
Those selected organic molecules (about 1 part per 1000)
which contain a deuterilum atom will absorb the radiation and
are preferentially decomposged and under proper conditions
lead to the formation of a molecular specle containlng the
deuterium atom (molecule (d)) and H, (for ethylene and
propylene) or HCL (for vinyl chloride and dichloroethane) .
Ry way of example, after passling through laser reactor A

the unreacted organic molecules (those without the deuterium
atom) typlecally constitute about 99.9% of the output 12 and



11232154

~10~
the molecule (D) and H, or HCl together typilcally constltute
about 0.1% of the output 12.
The invented process results 1n the selected organilc
molecules belng preferentially decomposed into stable molecu-

U1

lar fragments and not reactilve radicals. Therefore, no
radlcal scavengers are needed to prevent the scrambling of
ldentlty between the igtopically selected ilrradiated mole-
cules and non-isotope bearing molecules.
The output 12 from the laser reactor A is then
10 passed lnto a separator B where the deuterium enriched
molecules (D) are stripped from the unreacted selected organic
molecules (wilthout D) and H, or HCl. The enriched specle of
molecules (D) will normally have about a 10% to 20% deuterium
content. The gseparation can be easily accomplished 1n

15 separator B by known absorption techniques (e.g. with am-
monla), by distillation or by other slmple chemical separa-
tlon methods, such as by usling silver salts like silver
nitrate to form complex salts which will blnd the molecules
and separate upon further heating. Also; known transitilon

20 metal such as palladium, nickel or ruthenlum can be used in
the separation process.

The enriched molecule (D) product 14 from separator

B can then be burned In O2 fn & combustlon unit C to rorm
HEO and COE’ The HQO stream 15 so formed wlll typlecally

25  have about a 10% to 20% deuterium content.

If desired, the enriliched water 15 can be used asg

a starting material for further enrichment as 18 now done
in common practice. The enriched molecule (D) product can
optlonally be pyrolyzed over graphite at high ftemperatures

30 (e.g. about 1000°¢ to 120000) in a furnace P to form hydrogen
gas and carybon directly. The hydrogen gas 15' thus formed
will typlcally have a 10% to 20% deuterilum content and can
be economically concentrated by cryogenic distillation to
obtaln substantially pure deubterium (i.e., 90 to 99.9%

35 purity).

The unreacted deuterium depleted organlc molecule
stream 15 can then be processed, treated and handled in the
normal way as though the present process had not been uti-
lilzed,

{fl - 10 -
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If deslred, as an optlion, 1t is possible after a
once-through operation to send the unreacted deuterlum de-
pleted ethylene and propylene molecules through a catalytic
exchanger to restore the deuterium content by using an in-
expenslve source souch as normal water or HQ.

For example, the unreacted, deuterlium depleted
ethylene and propylene molecules and H2 leave separator B ag
stream 16 which 1s sent to a catalytlec exchanger D into which
ordinary or normal water 18 is brought in and exchanged
catalytically the deuterium depleted stream 16 to produce
the molecular compound with a natural abundance of deuter-
lum. In such catalytic exchange treatments 1t ls suggested
that known countercurrent exchange technlgues be employed
for efficiency. Xnown catalysts for this purpose are acidl-
fied si1llca gel, silica-alumina gel, sulfuric acld or transi-
tional metal ilons in acid aqueous medla. The water depleted
of deuterium leaves the catalytic exchanger D as stream 20
and is not used agalin in the process.

The stream leaving the catalytic exchanger D is
isotoplcally normal ethylene or propylene which is now
avalilable to be recycled as l1lnput 10! Into the laser reactor
A and the entilre aforementloned cycle repeated to obtailn
the deslre deuterium separation and enrichment.

Whille water hag been descrlbed in the preferred
recycle process as the source of replenishing the depleted
deuterium, it should be understood that any other available
sources (e.g. H2) which contain at least a normal or natural
abundance of deuterlum can be used. The various percentages
uged herein, unless otherwise indicated, refer to mole per-
centages.

It should be understood that while the major amount
of deuterlum (e.g., 60% or more) is normally found in the
organlc molecule, a significant fraction (e.g., up to about
40%) of deuterium can be found in the H, and HCl products
of the photolysis and therefore 1s also recovered in the
process ln order to maximlze the enrichment.

The present lnventlon provides an economlcal process
for separating the deuterium isotope and providing an en-
riched deuterium supply for applications such as the
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production of heavy water which i1s in great demand as a
moderator for nuclear fission reactors. Also, the deuter-
ium disotope 1is frequently used as a tracer element.

The preferred method shown In the drawing and de-
scrlbed above is for purposes of 1llustration and should
not be construed as limiting the present invention. It
wlll be apparent to those skillled in the art that certailn
modifications can be made with respect to the above-~described
preferred method wilthout departing from the overall scope
and spirit of the present invention. For example, other
sultable and known catalysts and conventional separation
techniques could be utilized in lieu of those specifically
mentioned in the preferred method.

A1l the selected organic compounds dilscussed in
the present application can be processed, using the present
invention, on a once-through basis making the deuterium
and/or heavy water a valuable by-product in any chemical
plant that commercially produces such organlc compounds.
The economilcs of organic chemlcals and the prices of heavy
water are such that the process can be advantageously
practiced on both large scale and small scale chemilcal
plants. When ethylene or propylene feed stocks are used
cne can employ techniques to restore the depleted deuterium
and recycle the feed stocks.
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CLAIMS

1. A method for separating and enriching deuterium
containing molecules comprising the steps of: (a) providing
a source of organlc molecules containing deuterlum atoms,
saild organlc molecules selected from the group of compounds
consisting of ethylene, vinyl chlorilde, dichlorocethane and
propylene; (b) exposing sald organic molecules to the radia-
tion of at least one infrared laser source which has been
speclfically tuned and focused to selectlvely decompose said
organlc molecules contalning deuterium to form an enriched
molecular specle containing deuterium; (c) separating said
deuterium enriched molecular gspeciles from the undecomposed
deuterium depleted molecules.

2. The method ag claimed in Clalm 1, whereln said
deuterium enriched molecular specie 1s converted into water
wlth an enriched deuterium content.

3. The method as claimed in Clalm 1, wherein saild
deuterium enriched molecular specile 1s pyrolyzed to form
hydrogen gas wlth an enriched deuterium content.

4., The method as clalmed in Claim 1, wherein when
ethylene or propylene 1s selected, sald undecomposed deuter-
lum depleted molecules are subsequently treated with a
deuterlum contalnlng source to restore in the latter deuter-
jum depleted molecules a supply of deuterlum atoms.

5. The method as claimed in Claim 1 in which said
laser 1is gspecifilcally tuned to provide pulsed frequencles in
the range of about 900cm™t o 2100cm™*

6. The method as claimed in Claim 2, wherein said
deuterium enriched water containsg about 10% to 20% deuterium.

7. The method as clalmed 1ln Claim 3, whereln saild
deuterlium enriched hydrogen gas contalns about 10% to 20%
deuterlum.

8. The method as claimed in Claim 4, wherein said
deuterlium restored molecules are recycled as the source of
organlc moleculeg containing deuterium atoms to be exposed
to said Infrared laser radlatlon for further selective
decomposlition and separation of deuterium contalning mole-
cules. ,

9. The method as claimed 1n Clailm 5, whereln saigd
infrared laser is a CO2 or NEO laser.

13
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10. The method as claimed in Clalm 5, whereiln
sald infrared laser is a CO laser.

11. The method as clalmed in Claim 4, wherein
when ethylene or propylene 1s selected sald decomposed
deuterium depleted molecules are catalytilically exchanged
with water or H2 to restore thereln, a normal abundance of
deuterlum.

12. The methoed as clalmed in Claim 5, wherein
sald infrared laser is a HRr laser.

14 2%



uawafuaﬁ % ﬁu]/ Mo (5

t
1S 15
I S S S
ENRICHED WATER | ENRICHED H2 GAS
:
{
|

C  |COMBUSTION FURNACE e
[ |
‘ }
|
12 ‘i g
|
. (L E— |
_r_\_., LASER SEPARATOR
REACTOR DEUTERIUM DEPLETED
! : = MOLECULES
| : £ y
* ) ok
]
! A B ! 133
|
i U B
| CATALYTIC
' D | EXCHANGER DEUTERIUM DEPLETED
e === WATER
! . 1
: : o
P — e e — 4
\’O'



