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57 ABSTRACT

Apparatus and method are specified for the separation
of isotopes of elements and their compounds and other
mixtures in gaseous form, for example, the separation of
mixtures of uranium isotopes U-235 and U-238 as ura-
nium hexafluorides. The separation is effected by pass-
ing a stream of the gaseous isotopic elements or com-
pounds at high velocity into a low-molecular-weight
stopping gas. The heavier isotopes travel farther
through the stopping gas than the light isotopes in a
given time and a spatial separation is thus achieved. The
high velocity isotope stream is produced by accelera-
tion of the isotope mixture in a low-molecular-weight
carrier gas during passage through a nozzle into the
region of the stopping gas. A flow of the stopping gas is
maintained to remove the isotopes from the region of
the high velocity stream. This flow is subsequently split
into streams each enriched in one of the isotopes. The
stopping gas is maintained at low temperature, either by
expansion or by conventional refrigeration techniques,
to enhance the degree of separation.

10 Claims, 3 Drawing Figures
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ISOTOPE SEPARATION PROCESS’

This invention is directed to the separation of gas
mixtures of various compositions and is particularly
concerned with the separation of chemical isotopes of
differing molecular weight such as the uranium-235 and
uranium-238 hexafluorides for which current separation
processes require large amounts of energy and equip-
ment.

The continuing growth in the world’s population and
the growth of energy consumption by domestic, com-
mercial and industrial users has led to greater demands
for electrical power generation which demands are
increasingly being met by nuclear-fueled power plants.
These plants require as fuel uranium enriched in the
isotope uranium-235 which is present in natural ores in
mixtures with uranium-238. For most commercial nu-
clear plants the uranium-235 must be increased from the
naturally occurring 0.7 percent to two or three percent.

Current methods for isotope separation include elec-
tromagnetic separation, thermal diffusion, gaseous dif-
fusion, distillation, ion migration, chemical exchange,
jet diffusion, gas centrifugation, electrolysis and solvent
extraction. The separation method of choice depends on
many factors. For milligram to gram quantities, electro-
magnetic separators or mass spectrometers are suitable.
For larger quantities any particular method may be
advantageous: for example, hydrogen, by electrolysis of
water or by distillation, nitrogen and oxygen, by chemi-
cal exchange, lithium by electrolysis or amalgam extrac-
tion. The degree of difficulty depends, in general, on the
relative differences in some property of the isotopes, for
example, the chemical reactivity or the diffusion rate.
For large scale separations of heavy isotopes such as
those of uranium the most economical current processes
are gaseous diffusion, jet separation and gas centrifuga-
tion.

The gaseous diffusion process is based on the differ-
ences in diffusion rates of isotopic species of varying
masses. The average velocities of the various molecular
species are inversely proportional the the square roots
of their masses. The lighter molecules in a mixture move
with higher velocities and strike the walls of a container
more frequently than the heavy. If the walls consist of a
porous membrane with very fine holes, the lighter mol-
ecules will escape more frequently than the heavier
molecules and the escaping gas will be enriched in the
lighter species. A single stage of separation gives a de-
gree of separation proportional to the square root of the
ratio of the species masses. For the uranium-238 and
uranium-235 hexafluorides the mass ratio is 352 to 349
and the maximum separation factor o, defined as the
ratio of heavy to light species in one exit stream divided
by that in the other exit stream, is 1.0043. For any effec-
tive separation a multistage process, with a large num-
ber of stages, is required. Low gas pressures combined
with high pressure ratios across the porous membranes
and the large number of stages necessary for a signifi-
cant degree of separation lead to high energy require-
ments for the process.

The gas centrifugation process makes use of a pres-
sure gradient in a strong artificial gravitational field
produced in the gas in a rotating vessel. Under the pres-
sure gradient, the heavier molecules tend to migrate to
the area of highest pressure. The separation factor de-
pends on the difference in masses of the species as well
as the mixture composition, angular velocity and geom-
etry of the apparatus. The centrifuge process has the
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advantages of low energy requirements but the units are
expensive and unreliable and the process has not been
utilized in large-scale isotope separations.

The jet separation technique provides separation
factors per stage somewhat greater than those of gase-
ous diffusion. The mixture of gases is forced through a
nozzle and enters a low pressure chamber as a jet which
is separated by a cone-shaped diaphragm into central
and peripheral streams. The heavier isotope usually is
enriched in the central gas stream. Pressure diffusion is
thought to be the principal mechanism of separation.
Addition of a lighter carrier gas results in an enhance-
ment of separation. Compared to the gaseous diffusion
process, jet separation requires a lower investment in
equipment but energy requirements are larger for a
given degree of separation.

In a modification of the jet separation process, the gas
to be separated is expanded through a slit-shaped nozzle
into a low pressure chamber along a concave wall. The
curvature of the path of the high velocity stream pro-
duces a centrifugal effect and heavy species tend to
migrate toward the wall. The stream is split by a vane at
the exit into two streams of differing composition. Add-
ing a light carrier gas increases the pressure gradient in
the curving stream and enhances the separation. The
process has a greater separation factor than the jet sepa-
ration process but like that process has the same disad-
vantageous energy requirements.

In another modification of the jet separation process,
the jet formed by expansion of the mixture through a
nozzle is allowed to impinge on a blunt probe or a num-
ber of probes with entry holes for a part of the gas flow.
The heavier molecules, because of their higher momen-
tum, are able to penetrate the gas cloud at the probe
more easily than the light molecules and the gas enter-
ing the probe(s) is enriched in the heavy species. The
efficiency of the process in large scale separation of
isotopes has not been determined.

In a third process using an apparatus similar to that of
the jet separation process, the jet is formed by a second-
ary gas expanding into the chamber while the mixture
of isotopes to be separated is added separately to the
chamber as a background gas. Molecules of the isotopes
are entrained into the jet in differing amounts and the jet
becomes enriched in the lighter species. Again, the
efficiency of the process in large scale separations has
not been determined.

The energy requirements and overall costs of the
gaseous diffusion, centrifugation and jet separation have
been estimated recently as follows for the production of
enriched uranium containing 3.0 percent U-235 from
uranium with the normal concentration of 0.71 percent
U-235:

Energy Total Cost

kilowatt hours U.S. Dollars

Process kg of product kg of product
Gaseous diffusion 133,000 100 - 135
Centrifugation 19,000 110 - 140
Jet-separation 300,000 75 - 150

The theoretical minimum energy requirement for ura-
nium isotope separation, as predicted by the science of
thermodynamics, is less than one kilowatt hour per
kilogram of product. It is clear that previous methods
for isotope separation and uranium isotope separation in







