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[57] ABSTRACT 

Gaseous isotopes are separated f rom a mixture in a 
vertically e longated chamber by subjecting the mix-
ture to a non-uni form transverse electric field, thereby 
to e f fec t d ie lec t rophoret ic separat ion of the isotopes, 
and producing a transverse t empera tu re gradient in 
the chamber , thereby to enhance the separat ion by 
convect ive coun te rcur ren t flow. 

13 Claims, 4 Drawing Figures 
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DIELECTROPHORETIC SEPARATION OF 
GASEOUS ISOTOPES 

B A C K G R O U N D O F THE INVENTION 

This invention relates t o a process for the separation 
of gaseous isotopes by electrophoresis and to an appa-
ratus for use in the process. The invention is especially 
applicable to heavy water separation f rom steam, and 
will be described particularly in relation thereto; how-
ever, it is to be understood that the invention is broadly 
applicable to the separation of gaseous isotopes having 
different dipole moments and/or different molecular 
weights. 

The process of the invention utilizes two well-known 
effects, these being the d ie lec to phoret ic effect , and 
separation enhancement by convective countercurrent 
flow. Both effects are well known in principle, and both 
have been used successfully in other applications. Die-
lectrophoresis, for example, has been used to separate 
powders from liquids; convective countercurrent flow 
is a commonly used technique in isotope separation in-
volving exchange reactions, such as the GS process for 
heavy water production. However, dielectrophoresis 
has not been used hitherto in isotope separation; in-
deed, it had not been considered hitherto that dielec-
trophoresis might have a practical application in the 
separation of very small particles, especially particles 
of molecular size, on account of the random thermal 
motions of the particles which would tend to destroy 
orderly separation. 

The present invention, based on theoretical and ex-
perimental studies of dielectrophoresis, provides a 
method of isotope separation, more particularly heavy 
water separation, which compares favourably with 
known thermal diffusion methods as regards yield, but 
is f ree f rom certain disadvantages inherent in the latter. 

SUMMARY O F T H E INVENTION 

The present invention is based on the discovery that 
the dielectrophoretic effect when assisted by convec-
tive countercurrent flow, fa r f rom being insignificant 
may play a highly significant part in the separation of 
gaseous isotopes having different dipole moments and-
/or different molecular weights, as for example in the 
production of heavy water f rom steam. An apparatus 
for carrying out the process according to the invention 
comprises a vertically elongated chamber , inlet means 
for admitting a gaseous mixture t o the chamber at a po-
sition spaced f rom the ends of the chamber , means for 
producing a non-uniform transverse unidirectional 
electric field within the chamber , thereby to effect 
dielectrophoretic separation of the mixture into 
heavier and lighter fractions, means for producing a 
transverse temperature gradient within the chamber , 
thereby to effect vertical separation of the fractions by 
convective countercurrent flow, and means for extract-
ing the enriched and depleted fract ion f rom opposite 
ends of the chamber. Preferably, the chamber has a 
vertical axis of symmetry, the electric field and the tem-
perature gradient being radially symmetrical in relation 
to the axis. 

One embodiment of the invention, as applied to a 
process and an apparatus for the product ion of heavy 
water f rom steam, will now be described by way of ex-
ample with reference to the accompanying drawings, in 
which: 
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FIG. 1 is a partly diagrammatic side elevational view 
of the apparatus; 

FIG. 2 is a perspective view of a separating column 
of one stage of the apparatus; 

5 FIG. 3 is a sectional view of a detail of the separating 
co lurm; and 

FIG. 4 is a circuit diagram showing the electrical con-
nections to the electrodes of the column. 

, 0 DESCRIPTION O F T H E PREFERRED 
EMBODIMENT 

1. General 
As stated previously, the invention utilizes both the 

dielectrophoretic effect and separation enhancement 
15 by convective countercurrent flow. The dielectropho-

retic effect arises f rom the forces exerted on a dipole 
in a non-uniform electric field. As an example one may 
consider a molecular dipole with an electric moment P 
in a field of strength E generated by a charged wire ex-

20 tending along the axis of a cylindrical conducting tube. 
The dipole becomes aligned in the direction of the 
field, the alignment being partly destroyed by thermal 
movement of the molecule, and is drawn towards a re-
gion of increasing field intensity, i.e. towards the wire; 

25 the force F acting on the dipole is given by 
F = P. grad E 

The possible usefulness of this effect in isotope separa-
tion depends on the electric dipole moments of the 
molecules to be separated, and in heavy waier produc-

3 0 tion, in particular, depends on the electric dipole mo-
ments of H a O and HDO molecules. Experimental val-
ues for the moments average about 1.85 x 10~18 esu. 
cm for H 2 0 and about one-half percent smaller for 
HDO. Due to the randomizing effect of thermal rao-

3 5 tions in the vapour, a concentration gradient is set up 
whose equilibrium value is such that the number of 
molecules transported into a small volume by the effect 
of the field E is balanced by the diffusion of molecules 
outwards. The difference in mass of the molecules is 

4 0 reflected in a difference in the diffusion rates and con-
sequently the equilibrium concentrations of the two 
molecular types. The difference in transport rates is a 
function of the original concentrations of the isotopic 
components of the vapour, the diffusion properties of 

4 5 the vapour, and the mass difference between the mole-
cules. 

For practical values of E, the net dielectrophoretic 
effect would be very small, but combined with the cu-
mutative properties of a convective countercurrent 
flow pattern dielectrophoresis offers the real possibility 
of a useful degree of separation f rom a single unit. The 
geometry of the illustrated apparatus is such as to allow 
use of both dielectrophoresis and convective counter-
current flow. 

2. The Apparatus 
The apparatus illustrated in FIG. 1 comprises four 

separation stages, represented by the separating col-
umns 10, 11, 12 and 13. In practice the apparatus 

6 Q would normally comprise many such stages, but for 
simplicity of illustration only four are shown in the 
present embodiment . Furthermore, the electrical con-
nections have been omitted f rom FIG. 1, these being 
illustrated in FIG. 4. 

^ Each of the separating columns comprises a verti-
cally extending metallic tube providing an elongated 
chamber , the tube being closed at its ends by plates 14. 
As hereinafter described, insulating bushes 15 extend 
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through the end plates 14 and house high voltage con-
nections to the internal electrodes of the column. Ducts 
16, 17 connected to the tube adjacent to its upper and 
lower ends provide outlets for the extraction of de-
pleted and enriched fractions, and an inlet duct 18 is 5 
connected to a plenum 19 for feeding steam into the 
chamber , the plenum being posit ioned midway be-
tween the two outlets 16, 17. In operat ion, dry steam 
is generated in a steam generator 20, and is fed to the 
separating column 10 of the first stage via a high tem- 10 
perature control valve 21, the inlet duct 18, and the 
inlet p lenum 19. By virtue of a transverse non-uniform 
electric field and a transverse tempera ture gradient 
within the chamber , e lectrophoret ic separation of the 
H 2 0 and H O D molecules is effected, and a deuterium- 15 
enriched fraction flows downwardly in the chamber 
while a deuter ium-depleted fract ion flows upwardly. 
The deple ted fraction is extracted via the outlet duct 16 
and led to a condenser 22 . The enriched fraction is ex-
tracted via the bot tom outlet duct 17 and led thereby 
to the inlet plenum of the second stage 11. In this sec-
ond stage fur ther separation is effected, the enriched 
fraction being extracted and led to the inlet of the third 
stage 12, and the depleted fraction being fed back to 
the inlet of the first stage 10 via a duct 41 . The product 
thus becomes progressively more enriched at each 
stage of the apparatus, the final p roduc t being ex-
tracted via an outlet duct 23 and led via a meter ing 
valve 24 to a condenser 25. 

The raw steam fed to the inlet of the first separating 
column 10 preferably has a tempera ture of at least 300° 
C and a pressure of at least 800 p.s.i. Clearly the appa-
ratus must be capable of withstanding the high temper-
ature and high pressure involved, and the columns and 
their respective inlet and outlet ducts must be ther-
mally insulated so that dry steam is t reated at each 
stage. 

Referring now to FIGS. 2 and 3, each separating col-
umn, for example the separating column 10, comprises 
a honed stainless steel tube 26 having a cylindrical wall. 
The tube 26 is welded at each end to a circular end 
plate 14, the end plate having a central circular aper-
ture 27 with a chamfered edge to accommoda te an in-
sulating bush 15. The insulating bush 15 has a middle 
portion of increased diameter , the ends of this middle 
portion being of conical shape to match the chamfered 
edge of the aperture 27, and also the chamfered edge 
of a central aperture in a clamping plate 29. The insu-
lating bush 15 is c lamped in position between the end 
plate 14 and the clamping plate 29, as shown in FIG. 
3, these two plates being clamped together by bolts 30. 
In order to provide a gas-tight seal which will stand up 
to the high operating temperature and pressure, a gold 
O-ring 31 is clamped between the chamfered surfaces 
o f t h e bush 15 and the end plate 14. 

The insulating bush 15 is of mica-loaded glass and 
has an axial bore through which a stainless steel rod 32 
extends. The rod 32 has a small cylindrical enlargement 
33 at its lower end to which a metal cap 34 is con-
nected. A similar metal cap (not shown) is similarly ar-
ranged at the bot tom of the tube, and a straightened 
polished tungsten wire 3 5 extends between these metal 
caps. The wire 35 consti tutes an anode of the separat-
ing column, the wall of the tube 26 constituting a cath-
ode; these two electrodes are coaxial with one another . 

In order to prevent leakage of steam along the central 
bore of the insulating bush 15, between the insulator 
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and the lead-in rod 32, a second gold O-ring 36 is 
c lamped between the cylindrical enlargement 33 and 
the lower end of the bush 28. The clamping force is ap-
plied by tightening a nut 37 which engages the threaded 
upper end of the lead-in rod 32. A lead-in conductor 
38, having a terminal 39, is connected to the external 
end of the lead-in rod 32. 

The tube 26 is formed with a ring of small holes 40 
at a position midway between its ends, the holes 40 
serving to admit steam to the chamber f rom the plenum 
19, to which the inlet duct 18 and the feedback duct 41 
are connected. 

Referring now to FIG. 4, the electrical connect ions 
to the tungsten wire 35, constituting an anode, and to 
the stainless steel wall 26, constituting a cathode, are 
shown. A direct current source 42, providing a voltage 
up to 50 kV is connected between these electrodes, a 
limiting resistor 4 3 of 200 M f t being in series with the 
source to prevent damage to the latter in the event of 

20 an electrical breakdown. The ends of the wire 35 are 
also connected across the secondary winding of a trans-
former 44, which is fed f rom an a.c. supply 45 through 
a variable autotransformer 46. The wire 35 acts as a re-
sistance heating element to be heated by the current 

2 5 passing through it. 
In operat ion of the system, the application of the high 

voltage between the electrodes 26, 35 results in the 
production of a non-uniform transverse electric field in 
the separating chamber , and the ohmic heating of the 

3 0 tungsten wire 35 results in the production of a trans-
verse tempera ture gradient between the electrodes. In 
consequence of the axial symmetry of the electrodes, 
the electric field and the temperature gradient are radi-
ally symmetrical in relation to the common axis of the 

3 5 electrodes. Consequently, molecules having the smaller 
mass, namely the H a O molecules, tend to migrate 
towards the tungsten wire 35, while molecules having 
the greater mass namely the HOD molecules, tend to 
migrate towards the wall 26, the temperature gradient 
produced by heating of the wire resulting in downward 
convection of the steam nearer the wall and upward 
convection of the steam nearer the wire. As a result, 
under thermal equilibrium conditions, an isotope con-
centration gradient is established between the ends of 
the chamber , the steam towards the upper end of the 
chamber having a lower concentrat ion o f -HOD mole-
cules and the steam towards the lower end of the cham-
ber having a higher concentrat ion of H O D molecules. 

5 0 It should be stated that the principle of operation 
would be the same if the polarities of the wire 35 and 
the wall 26 were reversed, that is, if the wire were made 
the ca thode and the wall 26 were made the anode. 
However, such an arrangement would be less satisfac-

^ tory owing to its susceptibility to electrical breakdown 
through arcing between the electrodes. 

What I claim as my invention is: 
1. A process for separating gaseous isotopes having 

different dipole moments and/or different molecular 
6 0 weights f rom a mixture, comprising admitting the mix-

ture to a vertically elongated chamber , subjecting the 
mixture to a non-uniform transverse electric field, 
thereby to effect dielectrophoretic separation of the 
isotopes into a lighter fract ion and a heavier fraction, 
producing a transverse temperature gradient within the 
chamber thereby to effect vertical separation of the 
fract ions by convective countercurrent flow, and re-
moving said fractions f rom the ends of the chamber. 
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2. A process according to claim 1, wherein the cham-
ber has a vertical axis of symmetry, said electric field 
and said temperature gradient being radially symmetri-
cal in relation to said axis. 

3. A process for producing heavy water which com- 5 
prises admitting steam to a vertically elongated cham-
ber at a position spaced f rom the ends of the chamber , 
subjecting the steam to a non-uniform transverse elec-
tric field, thereby to effect dielectrophoretic separation 
of the isotopic components of the steam into deuteri- 10 
um-depleted and deuterium-enriched fractions, pro-
ducing a transverse tempera ture gradient within the 
chamber thereby to effect vertical separation of the 
fractions by convective countercurrent flow, the direc-
tion of the tempera ture gradient being such as to effect 15 
upward flow of the deuterium-depleted fraction and 
downward flow of the deuterium-enriched fract ion, 
and extracting said fractions f rom the upper and lower 
ends of the chamber, respectively. 

4 . A process according to claim 3, wherein the cham- 20 
ber has a vertical axis of symmetry, said electric field 
and said temperature gradient being radially symmetri-
cal in relation to said axis. 

5. A process according to claim 4, wherein the steam 
admitted to the chamber is dry steam. 25 

6. A process according to claim 5, wherein the steam 
is admitted to the chamber at a tempera ture not less 
than 300° C and a pressure not less than 800 p.s.i. 

7. A process according to claim 5, including the step 
of condensing the steam extracted f rom the bot tom end 30 
of the chamber and collecting the condensed steam. 

8. In a process for the production of heavy water 
from steam, the step of effecting dielectrophoretic sep-
aration of steam into deuterium-enriched and deuteri-
um-depleted.fract ions while effecting vertical separa- 35 
tion of said fractions by convective countercurrent 
flow. 

9. Apparatus for separating gaseous isotopes having 
different dipole moments and/or different molecular 
weights f rom a mixture of the gaseous isotopes, com- 40 
prising a vertically elongated chamber , inlet means for 
admitting mixture to the chamber at a position spaced 
from the ends of the chamber , means for producing a 
non-uniform transverse unidirectional electric field 
within the chamber , means for producing a transverse 45 
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temperature gradient within the chamber , and first and 
second outlet means for extracting separated fractions 
of the mixture f rom the ends of the chamber. 

10. Apparatus according to claim 9, wherein the 
chamber has a vertical axis of symmetry, said electric 
field producing means and said temperature gradient 
producing means being arranged to produce an electric 
field and a temperature gradient, respectively, which 
are radially symmetrical in relation to said axis. 

11. Apparatus according to claim 10, wherein the 
chamber has an electrically conductive cylindrical wall 
constituting a first electrode, and electrically conduc-
tive means extending longitudinally within the chamber 
constituting a second electrode spaced f rom the first 
electrode, said electric field producing means compris-
ing means for applying a unidirectional potential differ-
ence between the electrodes, and said temperature gra-
dient producing means comprising means for effecting 
a temperature difference between the electrodes. 

12. Apparatus for the production of heavy water 
comprising a vertically elongated chamber, said cham-
ber having a vertical cylindrical metallic wall constitut-
ing a cathode, duct means connected to the chamber 
at a position spaced f rom the ends of the wall for admit-
ting steam to the chamber, an electrically conductive 
wire extending longitudinally within the chamber coax-
ially with said wall, the wire constituting an anode, first 
circuit means connected between the cathode and the 
anode for applying a unidirectional potential difference 
therebetween whereby to produce a radially symmetri-
cal transverse electric field within the chamber for ef-
fecting dielectrophoretic separation of the isotopic 
components of the steam into deuterium-depleted and 
deuterium-enriched fractions, second circuit means 
connected to the ends of the wire for electrically heat-
ing the wire, whereby to produce a radially symmetrical 
transverse temperature gradient within the chamber for 
effecting vertical separation of the fractions by convec-
tive countercurrent flow, and means connected to the 
upper and lower ends of the chamber for extracting 
said deuterium-depleted fraction and said deuterium-
enriched fraction, respectively, f rom the chamber. 

13. Apparatus according to claim 12, wherein the 
tube is of stainless steel and the wire is of tungsten. 

* * * * * 
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