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M: INVESTIGATION OF I/LETHODS FOR THE KECOVtlRY OF URAl̂ IUM 

FROM RE'SIDUES Oî TAINED DURING TPE f.IAr:UFACTURE OF PURE 

URANIUli DIOXIDE 

I . INTRODUCTION 

Vihen i i a l l i nckrod t f i r s t s t a r t e d to produce highly p u r i f i e d 

uranium dioxide f o r the Office of S c i e n t i f i c Research and Develop

ment, and l a t e r the I 'anhattan P r o j e c t , the m a t e r i a l t o be processed 

was a r e f ined grade of U-0_ conta in ing only smal l amounts of im-
j c 

purities. Later, because of a deterioration in quality of the UoO(, 

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 Jxme 

of 19U3j the Treight of accumulated residues totalled about 180,000 

pounds of which approximately 90,000 poimds 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 worthwMle 

to attempt to devise a process to recover the uranitan from this 

material. 

The investigations were done by several workers at intervals 

during a period of about two years. 

II. DISCUSSION 

In general, residues from the manufacture of uranium dioxide 

fall into one of tw) general classes. 
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(1) Material from which most of the uranium can be extracted by 

leaching with water or nitric acid to produce a uranyl 

nitrate liquor pure enough to be used in the batch-ether 

extraction step, 

(2) Material which must be treated more drasticailly to separate 

the uranium from other elements in the residues so that it 

can be treated Tdth 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 tiiich this paper 

is concerned. An outline of the source, and the process by irtiich 

these residues are obtained, is given in Figure 1. About 65 to 

75 per cent of the residues corns 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, 

TABLE 1. 

TYPICAL ANALYSIS OF CLASS 2 RESIDUES 

Analyzed for: Results in Per Cent 

U 55-65 

MoO^ 0.08 

Na 2.5 

VgO^ 2,0 

Fe 1.0 

PO, 7.0 

Si02 8,0 
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Assuming one uranium per phosphate group as uranyl phosphate, 

about thirty-five per cent of the uranl\im in the residues is pres

ent as uranyl phosphate. It appeared then that the main problem 

was one of separating uianium from phosphate, and, if possible, 

from vanadium and molybdenum at the same time. Removal 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 economically unsound, or because another method was pro

posed for trial. 

These methods were: 

(1) Dissolve residues in nitric acid, mix the liquor with sodi\3in 

carbonate solution to form soluble sodium uranyl carbonate, 

add lead or barium salts to precipitate phosphate, molybdate, 

and vanadate, filter, and recover the uranium as sodium 

uranate hy neutralizing the filtrat« 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 phosphate. 

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

(U) Dissolve in nitric acid and precipitate uranium peroxide with

out preliminar-f treatment to remove phosphate, 

(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 extraction. 
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(6) Leach vdth strong sodium hydroxide solution to convert 

phosphate to sodiT:m phosphate and uranium to sodium ura

nate, filter off the solution containing sodium phosphate, 

and dissolve the oake in nitric acid to make liquor for 

extractor. 

The sodium, hydroxide leach does not remove all of the 

phosphate, possibl}'- because of the coating over of the 

uranyl phosphate particles witn sodium uranate. About 

one-fourth of the oricinal amount remains. Because of 

tiis, the acidity of the uranyl nitrete liquor made by 

dissolving tJie leached cake in nitric acid, must be greater 

than usual to keep the uranitmi in solution in the presence 

of phosphate ion. This acid liquor cannot be used effi

ciently in the batch-ether extractor. 

However, because of the development of a continuous ex

tractor using a salting agent, j.t is possible to use liquors 

of considerably greater acidity than can be used in the 

batch process. This new development makes the sodium 

hydroxide leach method for treatment of phosphate con-

tain5.ng residues sufficiently interesting to warrant 

further investigation. 

Of all the methods tried, the one viiich ̂ -ave greatest indica

tion of usefulness as a ̂ lanufacturing process included as the main 

step a high temperature reduction with carbon or illuminating gas. 

The work done on this process is the basis for this report. 
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In addition to work done Tvith 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^ Na_0 made by neu

tralizing uranyl nitrate liquors so inrpure that they could 

not be used in the extractor (N.G. Sodium Salt). 

Outline 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 wi.th 

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

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

(c) Sodium Carbonate - and ignite in atmosphere of illuminat

ing gas. 

This step changes the uranium to U-jOg and converts phosphate 

to soluble sodium phosphate (same reaction with molybdate 

and vanadate), 

(3) Leach the ignited csike with water to remove soluble salts, 

leaving mostly UoOg, reduced iron, and silica, 

(U) Re-ignite the cake in the presence of air to bum 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 U^Og by reduction 

with carbon is reversable. That is, U,Og can be converted to 

sodium uranate by mixing it with sodium carbonate and heating 

the mixture in air. Thus it is necessary, as outlined above, 

to leach out soluble salts before re-igniting the cake. 

If the leached cal:e is dissolved in nitric acid without re-

ignition, two things happen: 

(1) A 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

vised. 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-U° C. Add 100 ml, 

of uranyl nitrate solution rfoich has been concentrated to a 

boiling point of 118° G. and cooled to about 80° G, Mix thoroughly 

hy v5.gorous shaking. Observe: 
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(a) Separation time of the tUD layers 

(b) Ai^ 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 frcm the experi

mental wjrk 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. EXPERItffiNTAL 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 

expeirimental 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 I3J 

The starting material for this experiment was residues i«hich 

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 expeiriment the residue, a mixture of 15^ acid press 

caJce and 85,^ 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, n*iich was produced in the factor;/- about thj'ee months 

later than the residues used in 13J and may have been from dif

ferent raw material, assayed 67^ U, 

Experiments 33, 3U and 35 

To obtain starting material for jihese experiments, wet press 

cake from tank 7 was slurried m t h 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-U, 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 205? sodium hydroxide 

solution until the pH was 9*1, measured with a glass electrode 

meter. The slurry wa.s 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, 

Fovind 50^ U» 

Experiment 17 

The starting maberial used in this experiment (N. G. sodium 

salt) was made hy neutralizing with sodium hydroxide, extractor 

water layer which had been through the extractor four times, re

sulting in a many-fold concentration of the impurities. This N, 

G. sodium salt was ignited at 800° C. for three hours to decompose 

nitrate and rem.ove the oxides of nitrogen. The cool ignited cake 

was milled, and then assayed. Sixty-eight per cent uraniimi was 

present. 

As an example of the actual experimental procedure, one ex

periment. No. 33J 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 800° C. After two 

hours heating the tray was removed from the muffle and allowed to 

cool. The reduced cake weighed 1122 gramsj a loss of 1$% 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 UOOO ml. 

of water which had been heated to 70° G. The slurry was stirred 

mechanically, while heating at 70° G. v.'as continued for one hour. 

Then the slurry was filtered on a suction funnel, and the cake 

washed on the funnel with UOO ml. of water. The cake was re-

slurried twice more Tdth 2000 ml. of Trater at 70° G. and filtered, 

i£ach of the three filtrations THS slower than the previous one. 

The filtrates were tested qualitatlveljr for uranium but none was 

found. The cake which was glossj"- black, was dried and weighed. 

Its vreight was 913 grams, a loss of 8.71?. 

Re-ignition 

The dried cake was easily cnished to form a powder. In 

order to oxidize the iron and bum 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 whdch time it was stirred 

occasionally with a stainless rod. After the powder was cool, 

it was weighed. The final weight was 820 gramsj a loss of 30 

grams or 3«5^, 

Dissolving 

Seven hundred grams of the re-ignited cake were dissolved at 

90° G. in 600 grams of 38° Be. nitric acid which bad been diluted 

with 160 ml. of water. A large amovint 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 33° Be. nitric acid was added, and the mixture re

heated to 90° C. Then the liquor was diluted until the Beaume 

measured 63°, 

The pH of a sample of this solution which had been diluted 

with 99 volumes of water was 3'^' Py adding 115 grans of 38° Be, 

nitric acid the pH was adjusted so that a diluted sample m.easured 

2.7. The mixture was then ready for filtration, T.hich 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 wiiich it was dried and wei<̂ -hed. The weight was 51,5 

grams; 7.U^ of the re-ignited cake. 

tixtraction 

The filtrate vas red colored indicating dissolved iron. This 

condition would result from a poor re-oxidation v;hd.ch could be 

accounted for by the yiresence of sulfur in the cake. The filtrate 

was evaporated to a boiling point of 118° C. and then allovred to 

cool to 90° G, One hundred ml, of this liquor was' mixed with 

175 'Til, of cold (3° C.) ether in a separatory funnel and the 

mixture shaken vigorouslj'-. The iaĵ ers separated in three min

utes to give a clear ether layer and a cloudy red water layer. 

The specific gravity of the ether layer was l.UO. The liquor 

is extractable. 



DETAILS 

Conditions 

1* 
2, 
3. 
4. 
5, 
6, 
7. 
8. 
9, 
10. 
11, 
12, 
13, 
14. 
15. 
16. 
17, 
18, 
19. 
20. 
21, 
22, 
23. 
24. 

Wt. Dry Cake (Nitrate Free) g 
Wt, Carbon Added g 
Wt, Na2C03 Added g 
Total Wt. Charge g 
Temp, of Heating °C. 
Time of Heating Min, 
Atmosphere 
Wt. Ignition Loss g 
Per Cent (of 4) Loss 
Wt, Ignited Cake g 
Wt. Leach Water g 
Temp, of Leaoh OC, 
Wt. Re-leach Water g 
Temp, of Re-leaoh oC, 
Wt, Leaoh Loss g 
Per Cent (of lO) Leach Loss 
Wt. Leached Cake (Dry) g 
Temp, of Re-ignition oC. 
Time of Re-ignition Min. 
Atmosphere 
Wt. Loss Re-ignition g 
Per Cent (of 17) Re-ignition Loss 
Wt. Re-ignited Cake g 
pH in HNO3 Soln, (1-100) 

13J 

1000 
100 

None 
1100 
800 
60 

No air 
75 
6.8 
1025 
4500 
70 

None 
XX 
182 
17.8 
843 
800 
60 

Air 
30 
3,6 
813 
2,35 

/ 

TABLE 2, 

REDUCTION EXPERIMENTS 
Experiment 

22 

1000 
100 

None 
1100 
800 
60 

fo air 
187 
17 

913 
4000 
80 

None 
XX 
22 
2,4 
891 
800 
60 
Air 
6 

0.7 
885 
2.5 

33 

1000 
100 

None 
1100 
800 
120 

No air 
165 
15 
935 

4100 
70 

3700 
70 
81 
8,7 
854 
800 
60 

Air 
30 
3,5 
824 
2,7 

34 

1000 
100 
100 
1200 
800 
120 

No air 
152 
13 

1048 
4000 
75 

2000 
30 
173 
16.5 
875 
800 
60 

Air 
38 
4.4 
837 
2,6 

35 

1000 
None 
100 
1100 
800 
120 

i|iam. 
115 
10,5 
985 

3900 
70 

3300 
50 
207 
21 
778 
800 
60 

Air 
Gain in 

1,5 
790 

2,55 

Number 

18 18DI-4 21 17 

1000 
100 

None 
1100 
800 
60 

No air 
228 
20,7 
872 

3900 
65 

None 
XX 
31 
3,5 
841 

None 
XX 
XX 

Wt, XX 
XX 
XX 
2.85 

1000 
100 

None 
1100 
800 
60 

No air 
228 
20.7 
872 
3900 
65 

None 
XX 
31 
3,5 
841 
800 
60 

Air 
34 
4.0 
807 

2.85 

1000 
100 
150 
1250 
800 
60 

No air 
171 

IS, 7 
1079 
5300 
70 

None 
XX 
197 

18,3 
882 

None 
XX 
XX 
XX 
XX 
XX 
2,85 

1000 
100 

None 
1100 
800 
60 

No ail 
41 
3.7 
1059 
4500 
70 

None 
XX 
160 

17.0 
879 

None 
XX 
XX 
XX 
XX 
XX 
2.95 

•p -



TABLE 2 , Con t inued 

DETAILS OF REDUCTION EXPERIMENTS 

• •• 

• •• 

Conditions 

25, Wt. of Insol. Cake (Dry) g 
26, Per Cent of Item (23) Insol, 
27, ^ U in Insol, Cake 
28, % of U in Itan (l) in Cake 
29, % U Recovered in Liquor 
30. Liquor Evap, to B.P, of oC, 
31. Melting Point oc, 
32, Separation Time See, 
33. Ether Layer Sp. Gr, 
34. Ether Layer Appearance 
35, Water Layer Appearance 
36, Extraction Comment 
37. Extraction Comment 
38. Extraction Comment 
39. Extraction Comment 
40. Extraction Comment 

Experiment Number 

13J 

33 
4,1 
15.3 
0,8 
99,2 
118 
60,5 
35 

1.35 
Clear 
Clear 

Good 

22 

100 
11,3 
28,5 
4,2 
95,8 
118 
55 
90 
1,4 
Clear 
Clear 

Good 

33 

61 
7,4 
43 

4,0 
96,0 
118 
XX 
180 
1.4 
Clear 
Clnudy 

Fair 

34 

40 
4.8 
15,5 
0,9 
99.1 
118 
70 
XX 
XX 
CltBidy 
Cloudy 

Fair 

35 

33 
4,2 
6,9 
0,4 
99,6 
118 
XX 
20 
1,33 
Clear 
Clear 

Good 

18 

306 
36.4 
16.5 
10 
90 
118 
XX 

g Q o 

c 2 
<n O 01 M 
O (̂  3 ct-

• H- O P 
•1 1-* O 
O t^ rt-

S-'S? 
. Bad 

18D1-4 

277 
34.3 
13,4 
7.5 
92,5 
118 
XX 

9 a a CO 
O j3 p, M 1 • . 
« of W ^ » 3 
O a- p. M 

a. H- en 

. «<! o 
_ 0 

•'It 
Hli-

21 

9* !::* S? 
c p o 
(-••en M 

M O rt-
(0 § tr 
O. rt- • 
CJ. 
d o "-I) 

g-H-S 
« •! « 

5. 2 "̂  

1 a-
CD o 
o o 
H- 09 

rt- o 
^ O 

17 

XX 
XX 
XX 
XX 
XX 

120 
XX 
45 

1,37 
Cloudy 
Cloudy 

Fai r 

VJl 



16 

Conclusions and Discussion 

The residues used in the first five experiments listed in 

Table 2 were approximately the same composition. There is no 

significant difference in the results although there 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 action 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 sodi\mi carbonate added to the reaction mixture. Table 3 

shows this CO'"relation and indicates that the greater the ex

cess of sodium carbonate (or hydroxide) the better the recovery 

of uranium. 

Table 3. 

CORÎ JLATIOK OF EXCESS SODIUI;! i.ITH RE-COViiRI OF UEAKimi 

Expt, Uranium Loss on NaoCOo 
No, Recovery Leaching added Indication of Amount Excess Sodiimi 

22 95.8 2.It None Residues leached to remove nitrates. 
Vould also remove soluble sodium. 

33 96,0 8.7 None Residues neutralized to pK of 7 with 
NaOH. Then leached to remove nitrates. 
Soluble sodium removed, 

3U 99.1 16.5 100 g. Same as 33, 

13J 99.2 17,8 None Ignited instead of leached to remove 
nitrates from neutralized cake. 
Sodium is not removed. 

35 99.6 21 100 g. Same as $y. 




