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U°32 REDUCTION--STUDY FLOW SHEET

The attached flow sheet has been prepsred for use by the Plutonium Chemistry
Laboratory in studies related to the final steps of processing U*3 nitrate
to the metal. It is based entirely on the work of others with uranium
processing on this scale.

Several assumptions have been made in setting up the flow sheet. These
are: e

1. Sufficient time will have elapsed (since the primary separation)

for the U?3? daughter growth to require daughter removal prior to
subsequent processing.

2., Primary separation product will contain sufficient metallic im-
purities to require additional cleenup.

3. Processing will utilize a minimum amount of handling of dry
powder.

L. One kilogram batches will be processed (easily converted to other
quantities),

A, FIOW SHEET DISCUSSION

The process may be broken down into four mejor operations. An acid
removal step is given in the Appendix, 1f it should be needed.

1. Daughter Removal

A cation_exchange op?rstion is used to remove the T3 daughter
of the U*%? presen:.\!) Lag etorage for about four days results
in & minimum gamma radiation field because 6f the decay of the
Th®3® daughters. Regrowth of the chain will raise the gamma level
agein, starting about ten days after the ion exchange separation.

The ORNL ion exghange flow sheet(?) vas relected instead of the
LASL flow sheetl®) because of less complexity in processing the
wastes. This flow sheet does not cover the 'waste and by-product
routings, but they obviously must be enticipated. The potential
radiation hazard of the ion exchange column after its loading with
thorium should be considered if the column is not eluted. Disposal

of the column rather than elution of the th rium is proposed. °

2. Peroxid:» Pmcigitation

A percxide precipitation is used to separate the uranium from
the aqueous solution (and impurities), The peration may be

 weuspm
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3.

. enter inte the practice of -this operation,

summayized
05(NQYg + HaOp + 2NHOH — UO, *2HgO + NH NOs .

In practice it involves an initial neutralization with ammonium
hydroxide, followed by separate but simultan 3 hydrogen peroxide
and ammonium hydroxide edditions to the feed.(®) fhe progress of
the resction is followed by a pH meter. The digestion, filtration,
and washing steps are not as sensitive as the precipitation.

Peroxide precipitation offers a p ication from most metallic
ion impurities (but not thorium).(3) Excessiye feed fmpurities
have an adverse tﬁect on the precipitationl®) and may have to be
compensatee Sfr Detalls on the procedures and lequipment are
aveilable (5)(®)(7) e references quoted do not mention the
possible hazards of ising hydrogen peroxide, but these should be
considered in plamming the operation.

Conversion To Fluor:lde.

The next processing steps are the interrelated ones of drying,
reduction, and hydrofluorination. Temperatures and resulting
reactivities are important, but not as seveie as those usually
considered in large-scale, natural uranium processing.

The flow sheet chown is for a one-vessel (rlatinum) scheme(7)(s)
to reduce the handling of dry powders. Variations are possible,
such as the flow sheet using quartz ang .,%c’el, with a powder
transfer between drying end calcining,l7/\®

The reactive gases used msy be hazardous dnless safety precautions
are taken. Thus, the hydrogen is diluted to a safe compogition
with nitrogen. Also, the HF 1;5 the off-gases is scrubbed out
prior to venting to a stack.(® :

Reduction To Metal

A pressure vessel-type reduction is used, with calcium metel as
the reduction _agent and iodine used as the booster. A magnesia
liner j.a used, and an argon purge of the vessel pre!‘u:r:l.‘ned.(1 )

Since the parameters of pressure vessel reductions are dependent
on the size of the pressure vessel and its charge, the flow sheet
should be wodified to insure good yield vwhen the sc of opera-
tion i3 selected. Conside information !s available on the
theory? °) and practicetmw%s( 123) of this operation. Control
of the heating-up rete, design of equipment to withstand the
tem@ratures and prespures » prevention of pre-ign:ltjons s etc., all
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B.

C.

D.

KUCLEAR SAFETY

Assumption of the on kilogram batch size was for convenience, and has
little relation to a nuclear safety batch limit. Geometry limitations
will also be required for one kilogram batches, S')lch limits may be
more restrictive than for plutonium processing.(?

ALTERNATE FLOW SHEETS

This flow esheet was selected on the basis of its well-documented
reduction to routine processing of enriched uranium. It is recognized
that extensive work has been done on refinements of the large-scale
processing of neturasl and/or depleted uranium; these have not been
applied to the small-scale flow sheet. Flow sheet; fox he direct
precipitation of uranium double fluorides are avail lable(*) ir equip-
ment or groceesing problems should become limiting in pmcessins
high U*3? content material.

(* ) R. H. Raney, "Separation Of Thorium From Uran]i Y ?roduct By
Ion Exchange" Chend.cal_'rechnolo”  Division, Chemical ! nen

™-1, pp. o Te November 15, 1

(*) 3. P. Bertino, J. A. Kircher, U°32 Purification and Metal Pro-
duction, IA-2245, Ios Alemos cientific laboratories, August,
1958, pp. 10-13, 28-34. -

(®) F. s. Patton, J. M. Googin, end W, L. Grif‘rith, Enriched Uranium
Processing, MacMillen, New York, 1963, pp. S4=56.

(4) R. F. Hibbs and A. E. Sands, "Highly Enriched Or Fully Enriched
Uranium Recovery", Reactor Handbook, edited by S. M. Stoller and
R, B. Richards, Interscience Publishers, New I{ork, 1961. 2na
Edition, pp. 407-8.
(5) 1A-22h5, p. 37.
(6) Patton et al, pp. 235.8.
(7) Hibbs end Sands, pp. 408.9.
(8) Patton et &1, pp. 58-60.
(9) 1A-2245, pp. 37-8.
(10) Patton et al, pp. h2-6.

(11) Hibbs and Sends, pp. Log-b12. -

.

UNCIASSIFIED
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(12) 1A-2245, p. 39.

{13) A. D, Callihan, W. J. Ogeroff, H. C. Paxton, C. L. Schuske, Nuclear
Safety Guide, TID-T016, Rev. 1. Atomic Energy Commission. 1961,

(14) E. J. Wheelwright, Hanford Atomic Products Operation (Personal

Commmication).
/ ) - |
. - |
- - . UNCLASSIFTED
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APPENDIX A

ACID REMOVAL FROM THE FEED -
W

Since the possibility exists that the nitrate received exceeds the acidity
required for ion exchange de~daughtering, a processing step for acid boil-
off may be needed. This would involve concentrating the nitric acid-
nitrate system to a molten salt condition, then butting back to a suitable
composition with nitric acid and water. A preliminary estimate (based on
data in HW-19140) would be that concentrating to a boiling point of

125 C would result in a solution of 5 M uranium, 2 M acid (with a freezing
point of 95 C). This could then be adjusted to a s itable feed for the
flow sheet by dilution with water. —

Such a concemtrator would be of velue in processing the cation column

wash, etc. Vhile waste recovery is not iucluded in the scope of this

flov sheéet, the equipment involved in the acid removal, plus that of the
filtration step, could be used for a rough waste cleanup process utilizing
dissolving and ammonium diuranate precipitation.

UNCIASSIFIED -
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PROCESS FEED

30

ittty

ION EXCHANGE
U 0.5 M

,rwnsn

EFFLUENT

Ht 0.25
T™h 103
8.3 liters

I
tPrevious Batch
|

1
—_

=

- - - —

— v e — ——— o — ——

A 20 ml/min

IRecycle to .
:next bateh

WASH EFFLUENT |
U '25/1
3

e B R

Th
500 mi

8
E

P =, e B R AR R L R R s B My USRS B s s e B A
S R Y ¢ e A e B el i3 ” SIS

RESIN
Dowex SOW.8X -
50-100 mesh
25 cc (0,75" dia - 4" L)
Discard on becoming :
Th-saturated ‘ / :

- —~= —>m

na
=)=

8.3 litere
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PPN, FEED
U 0.5 M g“LW
E 0.25 N M
8.3 liters 3_50 ml
8.6 liters —
PEROXIDE " |- -~ /A~—SgRIKE ~ \ ~ AQ. AMMONTA
{Ha05 308 M 2.5 + 0.5 [mOR M
%0 ml .. >35C | 1.4 1itera
15 wl/min -~ \ Digest 20 min 5 ml/min
WASH FILTER PEROXIDE CAKE
1% H305 and 1kg U "
3 liters WASH U0, *XHZ0
100 m)/min
FILIRATE WASH EFF
U 0.005g/1 1% HaOg |
10.5 1liters 3 liters
m 205 :
FIGURE 2
PRAOXID® PRECTPITATION
UNCLASSIFLED
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HW-83998
3 PEROXIDE CAKE
ID.. 'm:
U 1000 g
OFF-GASES »
brm, 0: T HEAT 1 1/min
FRUB SOLN ' o
1 1 REDUCE I
- | ! 2 hour i 64 : -’ll»f N
600 ¢ { . 21/mn
Stack
COOL —Ng - 1 1/min
HF FLUORINATE
hours
550 C
HF - 2kg/hr
6% H_-1 1/min
SINTER
20 min
600 C
FIGURE 3
CONVERSION TO FLUORLDE N - 1 1/min
COOL FLUORIDE
— ; w" m
1300 g
_"_'7"1::_-_'._ UNCIASSIFIED
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FLUORIDE |

=10

UF, 1300 g

‘caow EDUCTANT

e
R-X-

R®E

LAG AND CRXIBLE
10 g

Mg0
CaFz, Cal,

FIGURE 4

PRESS!(iE_VESSEL REDWCTION |

-5 kot
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