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AN INVESTICATICON OF IiETHODS FOR THE RECOV:ERY OF URANIUM
TROM RESIDUES ORTAINED DURINC THE MNANUFACTURE OF PURE

URANIUM DIOXIDE

I. TINTRODUCTION

¥hen i.allinckrodt first started to produce highly purified
uranium dioxide for the Office of Scientific Research and Develop-
ment, and later the llanhattan Project, the material to be processed
was a refined grade of U308 containing only small amounts of im~
purities. Later, because of a deterioraticn in quality of the U308
and also because it became necessary to use large quantities of
impure sodium uranate as starting material, the amount of uranium
containing residues from the process increased sharply. By June
of 1943, the weight of accumulated residues totalled about 180,000
pounds of which approximately 90,000 pounds was uranium.

Because of the amount of residues on hand, and also because
it was thought that the quality of raw material might become worse,
giving still greater quantities of residues, it seemed worthwhile
to attempt tc devise a process to recover the uraniuvm from this
material.

The investigaticns were done by several workers at intervals

during a period of about two vears.

IT. DISCUSSION
In gereral, residues from the manufacture of uranium dioxide

fall intc one of two general classes,
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(1) Naterial from which most of the uranium can be extracted by
leaching with water or nitric acid to produce a uranyl
nitrate liquor pure enocuzh to be used in the batch-ether
extraction step.

(2) Haterial which must be treated more drastically to separate
the uranium from other elements in the residues so that it
can be treated with nitric acid to make uranyl nitrate liquor
suitable to use in the batch-ether extraction step.

The latter class of residues is the one with which this paper
is concerned. An outline of the source, and the process by which
these residues are obtained, is given in Figure 1. About 65 to
75 per cent of the residues come from the iron-uranium-phosphate
press cake, (tank 7 cake) the remainder from dissolving raw ma-
terial (acid press cake). A typical analysis of the residues is

given in Table 1.

TABIE 1.

TYPICAL ANALYSIS OF CLASS 2 RESIDUES

Analyzed for: Results in Per Cent
U 55 - 65
M003 0.08
Na 2.5
V205 2.0
Fe 1.0
Poh 7.0

510, 8.0
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Assuming one uranium per phosphate group as uranyl phosphate,
about thirty-five per cent of the uranium in the residues is pres-
ent as uranyl phosphate. It appeared then that the main problem
was one of separating uranium from phosphate, and, if possible,
from vanadium and molybdenum at the same time. Kemoval of silica,
iron and sodium was not expected to be troublesome.

Several methods for recovering the uranium were tried, but
were later dropped because they seemed to be chemically unwork-
able or econcmically unsound, or because another method was pro-
posed fer trial,

These methods were:

(1) ©Dissolve residues in nitric acid, mix the liquor with sodium
carbonate solution to form soluble sodium uranyl carbonate,
add lead or barium salts to precipitate vhosphate, molybdate,
and vanadate, filter, and recover the uranium as sodium
uranate by neutralizing the filtrate with nitric acid and
boiling off carbon dioxide.

(2) A variation of (1) involving the precipitation of uranium
peroxide from the filtered liquor after treatment to re-
move phosphale.

(3) Dissolve in nitric acid and add iron to precipitate phosphate.

(4) Dissolve in nitric acid and precipitzte uranium peroxide with-
out preliminarv treatmert to remove phosphates

(5) Leach with sodium sulfide sclnticn and filter to remove
dissolved phosphate, followed by dissolving the leached

cake in nitric acid to make liquor for extracticn,.
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(6) Leach with streng sodium hydroxide solution to convert
phosphate to sodium prosphate and uranium to sodium ura-
nate, filter off the solution containing sodium phosphate,
and dissolve the cake in nitric acid to make liguor for
extractor.

The sodium hydrcxide leach does not remove all of the
phosphate, possibly because of the coating over of the
uranyl phosphate particles witn sodium uranate. About
one-fourth of the original amount remains. Becauvse of
this, the acidity of the uranyl nitrste liquor made by
dissolving the leached cake in nitric acid, must be greater
than usual tc keep the uranium in solution in the presence
of phosphate ion, This acid liquor cannot be wsed effi-
ciently in the batch-ether extractor,
However, because of the development of a continuous ex-~
tractor using a salting agent, it is possible to use liquors
of considerably greater acidity than can be used in the
batch process. This new development makes the scdium
hydroxide leach method for treatment of phosphate con-
taining residues sufficiently interesting tc warrant
further investigation.
Of all the metheds tried, the one vhich rave greatest indica-
tion of usefulness as a manufacturing process included as the main
step a high temperature reduction with carhon or illuminating gas.

The work done on this process is the basis for this report.
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In addition to work done with the regular plant residues,
(principally tank 7 press cake) some experiments were done to
test the adaptability of the reduction process to other uranium
containing materials, such as:

(1) Press cake obtained from the filtration of liquor made by
dissolving the uranium bearing raw materials in nitric acid.
(Acid Press Cake)

(2) Sodium uranate containing as much as 10% Na20 made by neu-
tralizing uranyl nitrate liquors so impure that they could
not be nsed in the extractor (N.G. Sodium Salt).

Cutline of Process

(1) Remove nitrate from the residues by a water leach or by
igniting to drive off oxides of nitrogen.

(2) Mix nitrate free cake with

(a) Carbon - and ignite in absence of air.

(b) Carbon and Sodium Carbonate and ignite in absence of air.

(¢) Sodiup Carbonate - and ignite in atmosphere of illuminat—

ing gase.
This step changes the uranium to U308 and converts phosphate
to soluble sodium phosphate (same reaction with molybdate
and vanadate).
(3) Leach the ignited cake with water to remove soluble salts,
leaving mostly U30g, reduced iron, and silica.
(4) Re-ignite the cake in the presence of air to burn off the

carbon and oxidize the iron so that the iron will be less

soluble in nitric acid.
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(5) Dissolve the re-ignited cake in nitric acid to make uranyl
nitrate solution for the ether extraction step. Filter the
solution to remove insoluble matter.

It was found that the reaction which forms U308 by reduction
with carbon is reversable. That is, U308 can be converted to
sodium uranate by mixing it with sodium carbonate and heating
the mixture in air. Thus it is necessary, as outlinred above,
to leach out soluble salts before re-igniting the cake.

If the leached cake is dissolved in nitric acid without re~
ignition, two things happen:

(1) & large amount of iron goes into solution.

(2) The liquor is very hard to filter.

These conditions do not occur if the iron is oxidized prior to the

nitric acid dissolving step.

In order to test the extractability of the uranyl nitrate
liquor made from reduced residues, an extraction test was de-
viseds It was found by testing plant liquors, that their be-
havior in the plant extractor could be fairly well predicted
from the results of this test. The test is done as follows:

In a separatory funnel place 175 ml. of ethyl ether. Cool
the funnel and contents in an ice bath to 3-4° C. Add 100 ml,
of uranyl nitrate solution which has been concentrated to a
boiling point of 118° C. and ccoled to about 80° C. Mix thoroughly

by vigorous shaking. Observe:
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(a) Senaration time of the two layers

(b) Any tendency to form stable emulsions

(c) Appearance of each layer (suspended matter, color, etc.)

(d) Specific gravity of ether layer.

The general conclusion based on results from the experi-
mental work done on the reduction process is that ninety-two to
ninety-nine per cent of the uranium in residues can be recovered
in uranyl nitrate liquor suitable for use in the batch~ether
extractor,

III. EXPERIMENTAL DETAILS

Details and results of the experiments are given in Table 2,
The quantities in this table are not the actual quantities used in
most cases, but are calculated from the results of analyses and
experimental measurements, and are based on amounts which would
be present if no samples had been removed during the procedure,
Therefore the table presents a material balance rather than actual
experimental data.

All the experiments done on this problem are not reported.
Instead several experiments considered typical are given to il-
lustrate some of the variations in the methods, and in types of
residues used,

Experiment 13J

The starting material for this experiment was residues which

had been ignited for four hours at 800° C. to remove nitrates by

driving off oxides of nitrogen. The ignited residues assayed

63% U,
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Experiment 22

In this experiment the residue, a mixiture of 15% acid press
cake and 857 tank 7 cake, taken as wet cake directly from the
factory filter presses (See Figure 1), was leached with hot water,
filtered and washed on the filter to remove nitrates. The leached
cake was then dried and milled to pass a 30 mesh screen, This
material, which was produced in the factory about three months
later than the residues used in 13J and may have been from dif-
ferent raw material, assayed 67% U.

Experiments 33, 34 and 35

To obtain starting material for jhese experiments, wet press
cake from tark 7 was slurried with water and neutralized with20%
sodium hydroxide solution to a pH of about 7. During the neutra-
lization the slurry thickened considerably, indicating that more
precipitate was forming, presumably, sodium uranate. The neu~
tralized slurry was then filtered in a small filter press and
washed with water until the effluent was practically free of
nitrate when tested with indigo carmine. The washed cake was
dried and milled to pass a 30 mesh screen, after waich a sample
was assayed and was found to contain 66% U,

Experiments 18, 18D1-L, and 21

These experiments were done using treated acid press cake as
starting material, The cake was taken wet from a factory press,
slurried with water and neutralized with 20% sodium hydroxide
solution until the pH was 9.1, measured with a glass electrode

meter., The slurry was filtered on a large suction funnel, re-
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slurried with 1% sodium hydroxide solution and filtered again. The
cake was then dried, milled to pass a 60 mesh screen, and assayed.
Found 50% U,
Experiment 17

The starting material used in this experiment (N. G. sodium
salt) was made by neutralizing with sodium hydroxide, extractor
water layer which had been tihrough the extractor four times, re-
sulting in a many-fold concentration of the impurities. This N.
3. sodium salt was ignited at 800° C. for three hours o decompose
nitrate and remove the oxides of nitrogen. The cool ignited cake
was milled, and then assayed. Sixty-eight per cent uranium was
present,

As an example of the actual experimental procedure, one ex-—
periment, No. 33, is given in detail.

Reduction

A mixture of 1200 grams of powdered residue and 120 grams of
powdered carbon (Darco) was placed in a stainless steel tray. A
stainless cover was put on the tray, after which it was inserted
in an electrically heated muffle furnace at 8000 C. After two
hours heating the tray was removed from the muffle and allowed to
cool. The reduced cake weighed 1122 grams; a loss of 15% during
the reduction. Samples of the cake were tested qualitatively for

chloride and sulfate--chloride absent, sulfate present.
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Leaching

One thousand grams of reduced cake was mixed with LOOO ml.
of water which had been neated to 70° C., The slurry was stirred
mechanically, while hecating at 70° C. was contirued for one hour.
Then the slurry was filtered on a suction funnel, and the cake
washed on tiie funnel with L0OO ml., of water. The cake was re-
slurried twice more with 2000 ml. of water at 70° C. and filtered,
Wach of the three filtrations was slower than the previous one,
The filtrates were tested qualitatively for uranium but none was
found, The cake which was glossy black, was dried and weighed,
Its weight was 913 grams, a loss of 8.7%.

Re-ignition

The dried cake was easily crushed to form a powder. In
order to oxidize the iron and burn off any carbon, 850 grams
of this powder was placed in an open nickel tray and heated in
a muffle at 800° C. for one hour during which time it was stirred
occasionally with a stainless rod., After the powder was cool,
it was weighed. The final weight was 820 grams; a loss of 30
crams or 3.5%.

Dissolving

Seven hundred grams of the re-ignited cake were dissolved at
90° C. in 600 grams of 389 Be. nitric acid which bad been diluted
with 160 ml, of water. A large amount of oxides of nitrogen was
liberated during the reaction. All acid seemed to have been neu=-

tralized before the cake was completely dissolved, so an additional
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50 grams of 38° me. nitric acid vas added, and the mixture re-
heated to 90° C., Then the liquor was diluted until the Reaume
measured 630,

The pH of a sample of this solution which had heen diluted
with 99 volumes of water was 3.5. Py adding 115 grams of 380 Re,
nitric acid the pH was adjusted so that a diluted sample measured
2.7. The mixture was then ready for filtration, which was done
on a suction funnel, The filtration was slow. The cake was re-
slurried twice with water ard filtered to remove soluble uranium
salts, after which it was dried and weiched, The weight was 51.%
grams; T7.U% of the re-irnited cake.

kxtraction

The filtrate vas red colcred indicating dissolved iron. This
condition would result from a voor re-oxidation whnich could be
accounted for by thke vresence of sulfur in the cake. The filtrate
was evaporated to a boiling point of 118% ¢, and then allowed to
cool to 90° C. One hundred ml. of this liguor was mixed with
175 ml. of cold (3° C.) ether in a separatory funnel and the
mixture shaken vigorously, The layers separated in three min-
utes to give a clear ether layer and a clcudy red water layer.
The specific gravity of the ether layer was 1.LO. The liquor

is extractable.
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TABLE 2.

DETAILS OF REDUCTION EXPERIMENTS

Conditions Experiment Number

13J 22 33 34 35 18 18D1=4 21 17

le Wt. Dry Cake (Nitrate Free) g 1000 1000 1000 1000 1000 1000 1000 1000 1000

2. Wte Carbon Added g 100 100 100 100 None 100 100 100 100
R 3s Wte NagCOz Added g None  None  None 100 100  None  None 160  None
HS P 4. Total Wt. Charge g 1100 1100 1100 1200 1100 1100 1100 1260 1100
sueees 5 Tempe of Heating “C. 800 800 800 800 800 800 800 800 800
vedtad 6e Time of Heating Min. 60 60 120 120 120 60 60 60 60
aseses T+ Atmosphere No air No air No air No sir iél‘&“h No air No air ¥No air No air
PR 8+ Wt. Ignition Loss g 75 187 165 162 115 228 228 171 4]
. 9. Per Cent (of 4) Loss 648 17 15 13 10,5 20.7 20,7 13.7 3.7
A 10, Wt. Ignited Cake g 1025 913 936 1048 986 872 872 1079 1069
segee, 11, Wt. Leach Water g 4500 4000 4100 4000 3900 3900 3900 5300 4500
Jreee 12, Temp. of Leach ©C. 70 80 70 75 70 65 65 70 70
teeses 13, Wt. Re~leach Water g None None 3700 2000 3300 None None None None

L 14, Temp. of Re~leach ©°C. XX XX 70 30 50 XX XX b.9.¢ XX
S 15, Wt. Leach Loss g 182 22 81 173 207 31 31 197 160
teelsl 16. Per Cent (of 10) Leach Loss 17.8 2.4 8.7 16,5 21 3.5 3¢5 18.3 17.0
JRLILH 17. Wt. Leached Cake (Dry) g 843 891 854 875 778 841 841 882 879
srenee 18. Temp. of Re=ignition ©C, 800 800 800 800 800 None 800 None None

19. Time of Re=ignition Min. 60 60 60 60 60 XX €0 XX XX

20. Atmosphere Air Air Air Air Air XX Air XX XX

2l. Wt. Loss Re~ignition g 30 6 30 38 Galn in Wt. XX 24 XX XX

22, Per Cent (of 17) Re~ignition Loss 3.6 0.7 3.5 4.4 1.5 XX 4,0 X X

23, Wt. Re-ignited Cake g 813 885 824 837 790 XX 807 X XX

24. pH in HNOz Soln. (1-100) 2.35 2.6 2.7 2.6 2.55 2.85 2.86 2.86 2495
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TABLE 2. Continued

DETAILS OF REDUCTION EXPERIMENTS

Conditions Experiment Number
13J 22 33 34 36 18  18D1-4 21 17
25. Wt. of Insol. Cake (Dry) g 33 100 61 40 33 306 277 oo XX
26. Per Cent of Item (23) Insols 4,1 11,3 T4 4.8 4.2 3644 3443 H 52 XX
27. % U in Insol. Cake 15,3 28,5 43 1645 69 1645 1344 O’g"&‘ S XX
sesces 28, % of U in Item (1) in Cake 0.8 4,2 4,0 049 0.4 10 7.5 gs xx
oo 29, % U Recovered in Liguor 99,2 95.8 96,0 9941  99.6 90 92.6 T o XX
$e 30. Liquor Evap. to B.P. of OC. 118 118 118 118 118 118 118 5o 120
31. Melting Point ©C. 6045 55 XX 70 XX XX X &«° XX
R 32. Separstion Time Secs 35 90 180 XX 20 o =5822 53R a5
: 33. Ether Layer Sp. Gre 1.36 1.4 1.4 XX 133 33%sc0°* Fe5 1437
sesee 34, FEther Layer Appearance Clear Clear Clear Cloudy Clear ‘2 tn% ?3 g S i Cloudy
e 35. Water Layer Appeerance Clear Clear Cloudy Cloudy Clear 3 S 3 HXERE &P 2 Cloudy
et 2 36, [Extraction Comment Yeos BRB T -
(R 37. Extraction Comment anrg e+%<g 23
S 38, Frtraction Comment Good Good  Fair Fair Good P HB 9oF =2 Fair
cevene 39, Extraction Comment §'°3 ~ %5’ -3
": E 40, Extraction Comment . Bad Fdid 5%
(=%
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Conclusions and Discussion

The residues used in the first five experiments listed in
Table 2 were approximately the same composition. 7There is no
significant difference in the results although trere is rough
correlation between loss on leaching and recovery of uranium.
The loss on leaching results, of course, from dissolving out
soluble salts produced during the ignition by the acticn of sodium
with impurities such as phosphate, and from dissolving out soluble
salts present before the ignition was done, these salts either
being present as a result of sodium hydroxide neutralization or
as sodium carbonate added to the reaction mixture., Table 3
shows this correlation and indicates that the greater the ex-
cess of sodium carbonate (or hydroxide) the better the recovery

of uranium,

Table 3.
CORRREIATION OF EXCESS SODIUM ITH RECOVSRY OF URANMIUM

Expte Uranium Loss on Na 003
No. Recovery Leaching added Indication of Amount Excess Sodium

22 95.8 2. None Residues leached to remove nitrates,
lould also remove soluble sodium,

33 96,0 8.7 None Tesidues neutralized to pH of 7 with
MNaOH. Then leached to remove nitrates,
Soluble sodium removed,

3L 99.1 16.5 100 g. Same as 23.

13J 99.2 17. None Iznited instead of leached to remove
nitrates from neutralized cake.,
Sodium is not removed.

35 99.6 21 100 g. Same as 33.

esee
LI
sscene
(XYY XY
sssave
ssecse
XYY}
.
evee
secsee





