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or responsibility for the accuracy, completeness, or usefulness of any
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herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
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ABSTRACT

Three waterials, UOz, UsOg and UF4, have been tested for their ability
to absorb or react with low concentrations of UFg in the presence of
large amounts of fluorine and air. It was found that at LOo0°F a fluid-
ized bved of UF4 will react with the UFg and that UFg in the amount of
10% of the weight of the UF4 can be reacted before detectable UFg is
found in the gas leaving the reactor.
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RECOVERY OF URANJUM HEXAFLUORIDE
FROM VENT GASES

The vent gases from the UFg cold traps in the Paducah Feed Processing
Plant necessarily contain a small percentage of UFg due to the wvapor
pressure of this material at the temperatures involved. The average
composition of these vent gases is in the range of 0.1 mole % UFg,

%3 mole % Fo and 15 mole % HF with the remainder nitrogen and oxygen.
Reducing the quantity of UFg lost can be accomplished in several ways
mechanically and by chemical absorption by various coumpounds. However,
it appeared that recovery of UFg in a fluidized bed of powder such as
UO0g, Us0g or UF, would possess several inherent advantages. Among these
are simplicity of design and production of a material suitable for
fluorination reactor feed. The intent of this investigation was to
determine the feasibility of recovering this UFg by absorbivg or re-
acting it with a uranium compound in a fluidized bed.

CONCLUSIONS

The amount of UFg that reacted with UsOg was too small to be of signi-
ficant value. UOs reacted with 6% of its weight of UFg from a mixture
of air and UFg at 600°F. UF, reacted with 15% of its weight of UFg
from a mixture of air and UFg. This value was reduced to 10% in the
presence of 3 mole % fluorine. Two different types of UF4 were tested,
Mallinckrodt and Paducah, and no significant difference was found.

EXPERIMENTAL
Apparatus

The powder under consideration was heated and fluidized in a 2 inch
monel tube reactor (Figure I). A porous nickel plate supported by a
drilled plate was used to distribute the fluidizing air. Metered UFg
and fluorine were admitted to the system by mixing the gases with the
fluidizing air stream. The off gases from the reactor were filtered
through a porous nickel filter. Sample points were located on the in-
let and outlet gas lines.

Materials

The UOs used was unground Hanford continuous calcined powder designated
SHS-10. The UszOg was made from this UOs by heating the UOz at 850°C for
16 hours. Tvo types of UF, were used. Type I was metal grade D-38 UF,
from Mallinckrodt. Type II UF, was material produced on "B" tray in

the Paducah Feed Plant. This UF4 was made from a shipment of sulfated
Hanford pot calcined UOs received August 25, 1956. Chemical and physical
data for these powders are shown in Table No. 1.

Procedure

The system used was a batch process. The powder was charged to the bed,
fluidized, and heated to the desired temperature. In all cases a static
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powder bed height of approximately 14 inches was used. UFg and/or
fluorine were then admitted to the fluidizing alr at the proper con-
centrations. Inlet and outlet gas samples were analyzed at regular
intervals to determine the inlet and outlet concentrations of UFg
and Fo. The amount of UFg absorbed by the bed was determined by
the weight loss of the UFg feed cylinder.

DISCUSSION

The per cent UFg and per cent Fo recovered at various temperstures
by the different compounds are given in Tables No. 2 and No. 3, re-
spectively. The capacities of the compounds for the absorption of
UFg are shown in Table No. 4. The tewperatures for determining the
capacities of the wvarious compounds were chosen to optimize the re-
covery of UFg and minimize the recovery of Fo.

The first powder studied was UO3. It was the intent that the mixture
of U0z - UOoFs formed might be fed directly to the fluorine towers by
blending this material with green salt. However, the data indicate
that & relatively large amount of UOg would be needed for the recovery
unit. This quantity of UOs - UOgFz could not be handled in the exist-
ing process.

Us0g was Investigated next, with the theory that the UsOg could be
reclaimed in the reactor by pyrohydrolyzing the UgOg -~ UOzFz mixture.
The ability of Uz0g to recover UFg under the conditions studied was
so small that the process was deemed not to be feasible,

The data with UF, indicate that a fluidized bed of UF4 would be capable
of recovering UFg in the presence of fluorine and air. No attempt was
made to determine the reaction products. However, the black color of
the reaction products and the relatively high dissociation pressure of
UFs at 400°F lead to the theory that the reaction products of UF4 and
UFg under these conditions are UsFg and/or Ugsl 7. Mixtures of these
compounds could be fed directly to the fluorine towers.

There was no evidence that these intermediates formed in any part of
the system other than in the bed. At all times the powder in the bed
remained free flowing, and no evidence of any plugging in the bed,
filter or outlet lines was found.

While the preliminary data indicate that a fluidized bed of UF4 would
be capable of recovering the UFg in the feed plant cold trap vent gases,
additional information should be obtained. Some of the factors requir-
ing further study include the effects of flow rates, HF, variations in
gas composition, particularly large cancentrations of F» and UFg, UFg
purity and composition, and the determination of the reaction products.
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Table No. 1
PHYSICAL & CHEMICAL DATA FOR UF4

Paduceh (UF.II) Mallinckrodt (UF.I)

% UFy 78.1 >99
% U0z 11.5 <1
% UOSF5 10.4 < 0.2
Sieve Analysis, % Passing:
Sieve No. 40 . 99.2 99.5
60 95.4 99.0
80 92.5 98.2
100 89.5 92.9
200 81.7 90.7
325 69.1 76.0
Density, g/cc.:
Free Flow 2.8 3.0
Packed 3.6 h.2
Table No. 2

RECOVERY OF UFg BY VARIOUS URANIUM COMPQOUNDS

Type % UFg Recovered At Fluidizing Air
Powder 1009F 200°F LOOPF 600°F 800°F Velocity, ft/sec.
UOs - 37 45 99 95 1.0
Us0g - - 56 88 97 1.0
UFs (I) 91 90 98 - - 0.4 - 0.5

Table No. 3
RECOVERY OF F» BY VARIOUS URANIUM COMPOUNDS

Type % F, Recovered At Fluidizing Air
Powder 100°F 200°F LOOPF 600°F B80Q°F Velocity, ft/sec,
U0sg - 6 17 50 36 1.0
Us0g = - Y 56 96 1.0
UF, (I) 30 33 50 - - 0.k -~ 0.5
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Table No. 4

CAPACITY FOR THE RECOVERY CF UFg
BY VARIOUS URANIUM COMPOUNDS

Type 1Ibs, UFg Per Temp. Fluidizing Air

Powder Lbs. Powder* Determined Velocity, ft/sec. Fluidizing Gas Constituents

U0s 0.06 600°F 1.0 Mixture of air and -0.l
mole % UFg.

Us0g <0.03%0 800°F 1,0 Mixture of air and -0.1
mole % UFg.

UFy (1) 0.15 L00%F 0.2 Mixture of air and 0.1 -
0.7 mole % UFg.

UF, (I) 0.10 400°F 0.2 Mixture of air, 0.15 mole %
UFg and 35 mole % Fo.

UFg (II) 0.10 LOQ%F 0.2 Mixture of air, 0.36 mole %

UFg and 3 wmole % Fo.

*Before the recovery efficiency dropped
below 95%.
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