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This presentation of new processes for uranium isotope separation is
an overview of the status and prospects for processes other than gaseous
diffusion, gas centrifuge and separation nozzle. The presentation is
divided into three parts: the need for enrichment, the status and compari-
son of new processes, and the economic potential for developing a new
process.

NEED FOR ENRICHMENT

At the present time only a small number of processes are in use or
planned for uranium isotope separation. Most of the capacity now installed
is gaseous diffusion. Other processes planned for use in large plants
include the centrifuge process and the South African process which is
described as a stationary-walled centrifuge process. Also planned is a
demonstration-scale plant using the Becker nozzle process.

We are concerned here with assessing the status of processes which at
this time are less well understood than those just mentioned. This requires
consideration of the potential market for such new processes in addition to
consideration of their prospects for technical success. For this reason we
will first examine supply and demand projections for separative work.

The separative work demands which we will use for this purpose are
based on nuclear power growth estimates of the USERDA Office of Planning,
Analysis, and Evaluation as given by Mr. E. J. Hanrahan of the OPAE at the
AIF International Conference on Uranium in September 1976. These forecasts



indicate for the U.S. a nuclear electrical capacity range of 380 to 620 GWe
by the year 2000, and for the rest of the world, exclusive of communist
bloc nations, a capacity of 1030 GWe by the year 2000.

The potential supply of separative work from commercial scale plants
is summarized in Table I. A range of about 70 to 100 million SWU1/yr by
the late 1900's is indicated.

The supply and demand estimates are compared in Figure 1. Based on
the "existing and planned" supply projection, an annual shortfall would
occur about 1988-1990. Inclusion of the "conditional" new capacity would
delay the time of annual shortfall by about 5 years.

STATUS MO COMPARISON OF NEW PROCESSES

In 1971 the then U.S. Atomic Energy Commission appointed a panel of
experts to evaluate the potential of all known processes for the separa-
tion of uranium isotopes other than diffusion and centrifugation. This Ad
Hoc Committee drew the conclusion [l] that none of the processes investi-
gated is likely to become economically competitive with gaseous diffusion
in the time scale of interest, which at that time, was considered to be
through 1985. The Ad Hoc Committee divided the separation methods it
reviewed into two categories: those that are probably not competitive
and those that are certainly not competitive with gaseous diffusion. It
recommended that further work be done on those in the first group. These
consisted of the Becker separation nozzle process and chemical exchange
methods employing distillation, gas-liquid absorption, liquid-liquid extrac- ' '(
tion and gas-solid chromatography. The Committee recommended additional \ [
limited efforts on five processes in the second group. These were
fractional distillation, redox ion exchange, mass or sweep diffusion,
photoexcitation methods and electromagnetic methods.

In the U.S. and other countries, research and development work on
new processes since then has focused attention on processes involving
photoexcitation, chemical exchange, aerodynamics and the plasma state.

Photo-excitation Methods

For a photo-excitation process to be viable a clearly separated
isotopically shifted line must exist, there must be radiation available
with a sufficiently narrow wavelength range and the energy of the radia-
tion must be sufficient to excite a substantial portion of the desired
isotope. The possibility that the use of laser radiation might satisfy
the second and third requirements has led to intensive R&D programs on the
application of lasers to uranium isotope separation.

There are two different laser-based processes currently under investi-
gation. In the atomic process a collimated beam of uranium vapor is
irradiated by two or more lasers with different wavelengths in the visible
region of the spectrum and an additional laser in the infra-red. The
visible illumination selectively brings 2 3 5U atoms to an excited level just
below their ionization potential and the infra-red laser supplies the energy
to ionize the excited 2^5U atoms which are then collected on cold charged
plates.
1Separative work units, in kilograms.



The molecular process utilizes UF6 as the process gas. At room
temperature, UFg molecules exist in many thousands of vibrationally and
rotationally excited stat <5 resulting from thermal collisions. Transi-
tions between these statec, termed "hot bands", produce an almost
continuous spectrum effectively covering up isotopic line shifts. The
hot bands diminish in number as the gas temperature is lowered. In this
process, then, the UFg has to be dynamically cooled to a temperature where
selective absorption of radiation from a laser, emitting in the IR range,
by the 2 3 5UF 5 molecules can be achieved. Essentially simultaneous radia-
tion from an appropriate UV laser photolyzes the excited 235UFg molecules,
following which the solid 235UFs ^8 separated from the gas stream.

Strong world-wide interest in laser isotope separation processes for
uranium and other elements has developed in the past several years -, There
are a number of technical problems associated with these processes, a
major one being the development of dependable lasers with the required out-
put frequency and sufficiently large photon power.

Chemical Exchange Methods

The aforementioned Ad Hoc Committee came to the conclusion with regard
to chemical exchange processes that they could become competitive if their
(a-l) values were the order of 10"3 or greater. Over the years investiga-
tions have been made into chemical exchange methcls with no economically
viable process emerging. One process, the exchange between NOUFg dissolved
in HF and UF6 dissolved in a fluorocarbon, exhibited a value for (a-l) of
1.6 x 10"3 but the chemistry problem associated with providing process
reflux flow made it prohibitive. However, some interest has developed
recently in an exchange process between U I V in aqueous phase and U V I com-
plexecL with an organic compound in an organic solvent. A plausible reflux
system for the process has been conceived. Investigation into this pro-
cess is in progress.

Aerodynamic Processes

Both the separation nozzle and the stationary-walled centrifuge can
be classed as aerodynamic processes. That these are considered to be
competitive processes by their proponents and that plans for their imple-
mentation are well advanced have already been mentioned. Research efforts
have been directed at several other aerodynamic methods such as the vortex
tube, the separation probe, crossed beams, velocity slip and the jet mem-
brane. Hone of these appear at the present time to have the promise of
the two aforementioned aerodynamic processes, although an expanded effort
is proceeding on the jet membrane process. Commonly known as the Muntz-
Hamel process, it involves the penetration of a stream of UFg gas into an
expanding jet of easily condensible carrier gas. The lighter 2 3 5UF 6
molecules penetrate the jet more easily than the heavier 2 3 8UF 6 molecules.
A tube placed on the axis of the Jet collects the enriched UF6. The
depleted UF6 flows out of the other end of the scattering chamber, after
the carrier gas is separated from it by condensation.



Plasma-Based Processes

Since a plasma can be made to rotate at speeds greater than that of
an ultracentrifuge, it occurred to various investigators that such high
speed gas rotation without the use of revolving equipment might possibly
be developed into a more efficient isotope separation process than that
based on a mechanical centrifuge. Five papers on this topic were presented
at the International Conference on Uranium Isotope Separation in London in
March 1975. The authors' assessment of the prospects for such a process ran
the gamut from highly optimistic — technology is simple and well known so
that minimal development will be required — to pessimistic — a rotating
plasma process cannot possibly be economically competitive. To our know-
ledge, no one has separated uranium isotopes by means of the plasma centri-
fuge.

Two other plasma-based methods have been suggested recently. In one
of these, referred to for short as the Dawson separation process, a plasma
of UF6 (or of uranium atoms) within a strong uniform magnetic field is
exposed to a low energy radio-frequency wave resonant with the cyclotron
frequency of the 2 3 5UF 6 ions. The rotation thereby imparted preferentially
to the 235UFg ions enables the 2 3 5U to be separated from the 2 3 8U by
properly placed collection plates. The second process involves the achieve-
ment of a UFg plasma by chemi-ionization. UFg molecules are accelerated
by expansion with an inert carrier gas through a supersonic jet. A cross
beam of alkali metal molecules results in the formation of Na+ or Cs+ and
UFg~. A radio-frequency quadrupole mass filter deflects the 238UFg out of
the plasma beam, permitting the separation of the two isotopes by collec-
tion of the two beams on separate baffles cooled by liquid nitrogen. An
economic evaluation has been made of the chemi-ionization method; an
evaluation is in progress on the Dawson method.

Comparison of the Processes

The estimated costs of the processes mentioned are compared in Table II
with that of gaseous diffusion. With two exceptions, the table is based on
process evaluations made by the Nuclear Division of the Union Carbide
Corporation for ERDA. For the exceptions, which are the FRG1s separation
nozzle and South Africa's stationary-walled centrifuge, the comparison is
based on published statements by the developers of the process. Of all the
processes listed, only the costs for the centrifuge, and probably for the
separation nozzle, are known with any great degree of certainty.

ECONOMIC POTENTIAL

For the purpose of examining the economic potential for new enrichment
processes, we have chosen to use the market projection in Figure 1 based
on high U.S. nuclear power growth and have assumed that the recycle of
plutonium in light water reactors is permitted and that uranium enrichment
plants will operate at a tails assay of 0.20$ 2 3 5U. We shall also assume
that 69.6 million SWU per year will be achieved from existing and planned
sources as shown. There would then result a stockpile of enriched uranium
of approximately 100 million SWU at the end of the 1980's. This stockpile
would be worked off by about 1995 at which time the annual demand would
exceed capacity by some 3^ million SWU per year. If new capacity is
provided by bringing into production a 9 million SWU per year plant in each



year starting in 199k and extending through 2000, a total of seven new-
plants , supply and demand can be kept in a rough state of balance.

The economic worth of developing a new process can be estimated from
its impact on this schedule of new capacity needs. In Figure 2 we have
examined the savings that may be expected if one of several new processes
can replace part or all of those seven new gaseous diffusion plants. For
purposes of illustration, we have chosen five different economic assump-
tions for the new process to see the savings benefits as they relate to the
economic efficiency of the new process. For comparative purposes we have
selected gaseous diffusion BS the process to beat and have assumed that
all plants built will have an operating lifetime of 25 years. All costs
are stated in 19.76 U.S. dollars and costs are present-valued to the end of
1976 at 10$ per annum. If all seven new plants use the gaseous diffusion
process, the present value of their total capital and operating costs is
$7500 million.

Figure 2 shows that even new process D, which has a capital cost 85$
of that for gaseous diffusion and an annual operating cost of approximately
half that for gaseous diffusion, returns present value savings of $2300
million if it can be implemented in the 199^ plant. Clearly, this is
ample incentive to support the research, development, and demonstration of
a new process.

One crucial question remains: Is there time to develop and com-
mercialize a new process before the 199** plant? In support of our affirma-
tive answer to this question we offer Figure 3 which shows a generic
planning schedule for new process development and demonstration. This
schedule was derived from our experience with the gas centrifuge develop-
ment program, but we think it could apply to other processes as well. The
schedule is set up for a serial program so that maximum use of the informa-
tion and experience gained in one phase can be applied in the next.
Paralleling of the phases is possible with larger expenditures and risks
but the overall time spent on development and demonstration could be
shortened thereby. From Figure 3 we conclude that it is reasonable to
expect that the 199̂ * plant can be based on a new technology which from
basic process studies appears attractive enough to initiate a program of
development and demonstration by 1980 or 1981.
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TABLE I

PROJECTED WORLD SEPARATIVE WORK SUPPLY
(Excludes communist bloc countries and production

for other than power reactor fuel)

Capacity Year of Full
Million SWU/year Operation

Existing and Planned

USERDA 26.6a 1985
USERDA Add-On 8.8 1985
EURODIF 10.8 1982
COREDIF 5.U 1985
URENCO 10.0 1985
USSR 3.0 1982
UCOR 5.0 1986

69.6 1986

Conditional

COREDIF 5.1t "Late 1980s"
UEA 9.0 198k
Exxon 3.0 1986
Garrett 3.0 , 1989
Centar 3.0 ..-• 1989
PNC 6.0 / 1985

29.it J 1989

Total 99.0 ff 1989

Excludes l.U million SWU/year average non-^>wer reactor uses.



TABLE II

COMPARISON OF PROCESS ECONOMICS

Operating
Specific Costs
Capital Power Other Than
Investment Cost Power

Centrifuge > < >

Separation Nozzle < > -

Stationary-Walled Centrifuge^ = = ?

LIS-atomic < < >

LIS-molecular < < >

Ch. Exchange: UIV(aq)-UVI(org) = < >

Other Aerodynamic Processes > > -

Plasma: Chemi-ionization > < >

Based on estimates made by the process developers.

Definition of Symbols:

= Approximately equal to the diffusion process.

>,< Greater than or less than the diffusion process respectively.

? Unknown.
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