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THE APPLICATTON CF FLUIDIZED EEDS TO VOLATTLITY SEPARATION PROCESSES ~ ° ..

Fluidized solid beds possess certain attributes which may make them useful:in‘ c_éfxnectidri
with the problem of decontamlnating snd purifying uwranium by distillation or 'sublimation

of a volatile uraznium compound. These include:

(1) High gas-solid heat transfer. ‘ Coa 5 s
(2) Solids may be easily and continuously added to or withdrawn from the . : = -
fluwidized bed, - T U S R .

(3) The entire solid surface is exposed to the fluidizing gas stroam,
sulting in high rates of reaction of the solids with the gas.
(4) The bed solids may be moved in the fluidized state by techniques very
similar to ordinary gas moving methods. - - e
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Possible applications of fluidized beds to the decontamination of uranium are illus~
trated for the preparation and purification of uranium hexafluoride from Henford slugs
in the sections following. D o = - - =

J il

n

(1) Decanning of slugs by current techniques. - - o= : s

(2) Dissolution of decanned slugs .in nitric acld, = C o

(3) Separation of plutonium by solvent extraction (e.g.; with thenoyl trifluoro-
acetone, TTA), precipitation, or other suiteble technique. The urenium is

: retained in the nitric acid solution in this step. 7 . T T

(4)* Evaporation 6f the aqueous uranyl nitrate solution to a concentrated solution,
e.z., & uranyl nitrate hexahydrate "meli", which is_fed continuously to a .. 2
rinidized bed of uranium trioxide, This bed.is heated externally and the
finidizing gases are preheated before entering the bed. Evaporation of the
residual water end. de-nitration to uranium trioxide_ere accomplished in this. L
beli. .= . - . s"i N G e B ) ;;_ -

(5) Uranium trioxide formed in Step 4 is fed continuously to a fluidized, heated
bed of uranium dioxide. The fluidizing gas fed.to this .hed conteins hydrogen =
or ammonie or other suitable gaseous reducing agent. The urenlum trioxide fed D
to this bed is converted to uranium dioxide by this-'trestment. - oL T T

r 4o a fIuldized, heated .

————s=C & ., R

(5) The urenium dioxide formed in Step 5 is fed continugusly to a £Iu
bed of uranium tetrafluoride. The fluidizing ges fed to thig bed contains = .
hydrogen fludride or other suitsble fluorinating egent which converts the wr~' "~ =27 =
anium dioxide to urenium tetrafluoride.. . _ FE S S

(7) The uranium tetrafluoride is fed continuously elther to o fluidized bed con~ 7
taining an inert inorgenic fluoride or:to.s simple ‘combustlon chember". A o
gas containing gaseous fluorine, gaseous chlorine trifluoride or other suitable
Pluorimeting agent is fed to this.unit. The entering uranium tétvafluoride is
converted to uranium hexafluoride by this treatment. Pressures_end temperatures . ™ "
are so.amdjusted that the uranium hexafluoride sublimes as itiforms. If simple
sublimation suffices to give the desired decontamination, the uranium hexe~
fluoride sublimate is simply collected and packeged. If additional decontamin- -
ation is desired, Step 8 is performed.. : P T
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Fimvestizations exploring The possibiiities for whllization of fluldized beds o com=  *

vert squeous uranyl nitrate solutions to uranium trioxide are currently in Progress
in the Chemical Development Unif e« -wor @ - 7o x Su s e Ll
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Process B =~
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(3)
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The urenium hexafluoride vapor i1s collascted in a suitable solvent_{e.g., a per-
fluorocarbon compound or a suiteble inert liquid inorganic fluoride). This,

solution is then fed to a fractionating tower from which low boiling contam-

innnts are removed as the overhead product, while: the uran lum~boaring solution oo
18 recovered as the bottoms. This wanium~-contalning solution 18 fed to & -
second fractionator from which purified uranium hexafluoride is racovered as

the overhead product anq. the solvent recoversd as the bottoms. ‘J;i;e solvent is
recycled to the uranium hexefluoride sorubber., Periodic or continuous removsl o

of figsion products from the solvent -may be necessary., .
The plutonium removed in Step 3 is purified by solvent extraction, precipitation,
or other sultable techniques, - - o '
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Decanning of sSlugs by suitable techniques., = -
The decauned slugs are treated with a suitable gaseous agent whigh converts the =~
massive slugs to a finely divided powdered uranium compound, suitable for - - - -
fluidization. Examples of agents which might be used for this’ purpose include
steam, air, or oxygen., _ = o
The finely divided uranium compound formed in (2) is fed to a heated, fluidized
bed containing uranium tetrafluoride. The fiuidizing gas to thig bed contains
hydrogen fluoride or other suitsble fluorinating agent. The uranium compound

is converted to uranium tetrafluoride by this treatment. o

The uranium tetrafiuoride formed in Step 3 is fed continuously to a fluidized

bed conteining an inert diluent fluopide., Gesecus f£luorine, gaseous chlorine
trifluorids, or other. suiteble fluorinating agent is_fed in the fluildizing —— = -
gas to. this bed., The uranium tetrafluorids is converted to uranium hexefluopride
by this treatment. Hopefully, the non~volatile flssion product fluorides and
plutonium fluorides will be retained on the diluent fluoride meking up the bed.

The diluent fluoride with such fission products and plutonium as are retained = 1 |
on it is removed continuously from the bed end replenished with fresh meterial,
Pressures and tempersatures._are so adjusted thet the uranium hexafluoride sublimes _
continuously as it forms. o ) o . i
The uranium hexafluoride vapor is collected in & sulteble solvent., The re-~ - -
sultant solution is fed to a fractionating tower where low boiling conteminants
are removad as the overhead product while the urenium-containing solution is
recovered as the bottoms. This urenium-containing solution is fed to & second o
fractionator from which purified uranium hexafiuoride is recovered as the over-
head, product &nd the solvent recovered as the bottoms, Any non~vglatile fission .
product fluorides or plutonium fluorides will, hopefully, slurry with the solvent
and will be collected with the bottoms. Any volatile. plutonium hexafluoride
formed in (%) may have to be removed from the product uranium hexefluoride
stream by scrubbing with a mild reducing agent, €.8.,_&a Freon, - . .
Plutonium collected on the diluent bed material end in the solvent in the . . . .1
fractionator will be combined and processed. in en as yet unknown fashion.
{Probebly by dissolution end solvent extraction,) The solvent will be recycled Dk
to the wrsnium hexafluoride scrubber. : s -
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(1)
(2)
(3)

(k)

(5)

(6)

(7

Decanning of slugs by current techniques..

Dissolution of_the decenned slugs in a sultable medium. N B
Separation of plutonium from the slug solution by solvent ext,raction or other 'f"
suitable technique, The separated plutonium will be purified by solvent ex=-
traction or other suitable technique.

Precipitation of the uranium from the slug solution as a filtere,ble vranium
tetrafluoride or suitable double salt, ,g., amnonium fluoride-uranium te‘bra'- L
fluoride, NHLF UF). - - L Tk
Centrifugation or filtration of .the ura.niumwbea.ring precipitate. “This precipi- )

tate is slurried continuously into a fluidized, heated bhed of ura.nium tetra~ .
Pluoride. Drying and thermel decomposition to uranium tetra.fluoride , if

necessary, is accomplished in this bed.

The uranium tetrafluoride resulting from Step 5 is fed continuousiy to & o !
Piluldized bed contelining a sulteble inert diluent fluoride., Gasedus fluorine, =~ =
gaseous chlorine trifluoride, or other suiteble fluorinating agent is fed in

the fluldizing gas to this bed. Uranium hexafluoride. is formsd :I:;;M'bhis walt |

and sublimes as it forms, L
If necessary for decontamination, the uranium hexaflioride vapor resulting - i
from (6) is scrubbed out into e suiteble solvent. This solution is fed con~ - -
tinuously to a fractionator from which low boiling contaminants are removed
as the overhead product and the uranium-containing solution removéd as the s
bottoms. This uranium-containing solution is fed to_a second fragtionmator | .
fron which purified uranium hexafluoride is racovered as the overhead product e
end the solvent recovered as the bottoms, The solvent, after whatever puri-

fication is necessary, is recycled to the uranium hexafluoride scrubber.

It is the authors' belief that Steps A(5), A(6), A(T), B(3), B{¥), ¢(5), end c(6)
of the foregoing descriptions represent new applications of fluidized beds,
Step A(4) does not represent a new application, and the authors make 1o olaim to

having originated this ides, - =
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