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ABSTRACT

A process was developed through bench-scale for re-
covering uranium from di(2-ethylhexyl)phosphoric acid-
kerosene (Dapex) extractant with ammonium carbonate solu-
tion. The solvent is modified with diamyl amylphosphonate
to enhance uranium extraction and to prevent separation of
the ammonium di(2-ethylhexyl)phosphate from the kerosene
diluent during stripping. The ammonium carbonate concen-
tration is maintained in the range 0.9-1.6 M, and the strip
solution is recycled in order to precipitate ammonium
uranyl tricarbonate (AUT) in the stripping system. The
crystalline AUT settles and filters rapidly and is readily
converted to U;04 by calcination at 300-500°C. In contin-
uous tests, complete stripping of uranium and contaminants
and favorable physical operation were obtained over a wide
range of recycle solution composition. Excellent separa-
tion of uranium from extracted molybdenum and partial sepa-
ration from extracted vanadium occurred in the precipita-
tion step.

Estimated reagent costs for the process are 2-4¢ lower
than for the sodium carbonate stripping process now used in
western mills. In addition, owing to the lower molybdenum
and negligible sodium content, the concentrate should be
more amenable to the direct reduction-hydrofluorination-
fluorination process for producing UF,.
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1.0 INTRODUCTION

In the new feed plant operated by Allied Chemical
Company, UF, is produced by direct reduction-hydrofluorina-
tion-fluorination of concentrates received from uranium
mills, Since sodium, molybdenum, and vanadium are trouble-
some in this process there is interest in producing concen-
trates low in these contaminants. This report describes
development of an economical stripping flowsheet for the
di (2~ethylhexyl)phosphoric acid extraction (Dapex) process
which yields a uranium concentrate of the type desired.

In the Dapex processl“4 (Fig. 1.1), as now used in
four western mills, uranium is stripped from the di(2-
ethylhexyl)phosphoric acid (D2EHPA) with sodium carbonate
solution. To prevent separation of the sodium di(2-ethyl-
hexyl)phosphate from the kerosene diluent in the stripping
cycle, the solvent is modified with either a long-chain
alcohol or an organophosphorus ester, the latter modifier
class also providing synergistically enhanced extraction
of uranium. Uranium is precipitated from the strip solu-
tion by destroying the carbonate with acid and adding
ammonia or magnesia to pH ~8. Little or no separation
from extracted molybdenum and vanadium is obtained in the
stripping and preclpitation steps and the concentrate con-
tains appreciable sodium,

The feasibility of stripping uranium_ from Dapex sol-
vent with 0.55 M (NH,),CO, was previously? demonstrated in
bench-scale continuous equipment. Uranium was recovered
by distilling ammonia and carbon dioxide from the pregnant
strip solution with steam, but separations from molybdenum
and vanadium by this procedure were not investigated. 1In
the course of these studies i1t was noticed that a rapid-
filtering crystalline uranium precipitate, presumably
ammonium uranyl tricarbonate (AUT), formed when stripping
with ~1 M ammonilum carbonate. This suggested the possi-
bility of precipitating uranium directly from the solvent
by contacting it with a relatively concentrated (1 M)
ammonium carbonate solution saturated with uranium. The
present studies have been concerned with development of a
stripping flowsheet based on this principle. The effect
of ammonium carbonate concentration on uranium solubility
was filrst determined, and then a series of bench-scale con-
tinuous tests was made to define optimum operating condi-
tions and the effect of contaminants such as molybdenum,
iron, apnd vanadium. Reagent costs were estimated on the
basis of the continuous tests.

This stripping method is also applicable to the
recovery of uranium from amines and possibly from organo-
phosphorus esters, ¢.g., TBP and phosphonates. Results of
studies of these systems Wwill be reported separately.
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Fig. 1.1. Dapex sodium carbonate stripping process.
Organic: ~0.1 M D2EHPA in kerosene + 0.1 M TBP or 0.1 M
isodecanol.

The authors acknowledge the helpful contribution of
L. L. Lohr, Jr., a summer student employee, who set up the
continuous test equipment and performed some of the con-
tinuous test runs.

2.0 BSOLUBILITY OF AMMONIUM URANYL TRICARBONATE (AUT)

The solubility of uranium decreased from approximately
7.0 to 1.8 g per liter as the ammonium carbonate concentra-
tion was increased from 0.75 to 1.95 M (Fig. 2.1). The
tests were made by shaking an excess of solid AUT with
ammonium carbonate solutions (prepared by adding sufficient
ammonium hydroxide to a solution of commercial ammonium
carbonate to give an NH} /CO; ratio of 2/1). Analyses made
at intervals over a 54-day period indicated that the solu-
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Fig. 2.1. Solubility of ammonium uranyl tricarbonate in

ammonium carbonate solutions at 25°C.

tions were at or near equilibrium at the end of the test,
These solubility values are lower than those obtained in
continuous runs (Sec. 5.0), indicating that equilibrium
was not reached in the relatively short contact times of
the continuous tests. At the end of the solubility tests,
the specific gravity and pH of the soclutions were measured.
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The specific gravity (25°C) increased from 1.032 to 1.060
and the pH increased from 9.17 to 9.22 as the ammonium car-
bonate concentration was increased from 0.75 to 1.95 M,

3.0 CALCINATION OF AMMONIUM URANYL TRICARBONATE

Calcination for 1-2 hr at 250°C lowered the carbonate
concentration of air-dried AUT (12.4% NH;, 51.7% U;04,
34.1% CO;) below the specification limit (4% based on U;0;)
for uranium concentrates (Table 3.1). Products containing
>97% U305, <0.05% NH,;, and <0.5% CO; were obtained by cal-
cination for 1-2 hr at 500°C.

Table 3.1 Thermal Decomposition of Ammonium

Uranyl Tricarbonate

Calcination

Temp. , Time, Analysis, %

°C hr Final Color U, O, NH, CO,
Air-dried - - 51.7 12.4 34.1
110 2 Yellow 54,6 12.0 32.7
24 Light orange 72.3 2.5 15.1

250 1 Orange 90.1 1.4 2.2
2 Orange 90.9 0.9 2.1

325 1 Orange-brown 94.6 0.3 1.4
2.5 Orange-brown 94.1 0.2 1.4

400 1.25 Orange-brown 94.9 0.02 1.0
2 Orange-brown 94.9 0.04 1.2
500 1 Black 97.3 0.02 0.40
2 Black 98.2 0.02 0.28

4.0 PROPOSED PROCESS

A general flow diagram for the ammonium carbonate
stripping process is shown in Fig. 4.1. Uranium and ex-
tracted contaminants are quantitatively removed from the ex-
tract by contacting it with 1.2-1.5 M (NH,),CO; solution,
most of the uranium precipitating as AUT. The precipitate
slurry is pumped to a settling tank where the AUT settles
rapidly and is pumped as a thick slurry to a Tilter. The
filter cake is washed with a small volume of 1 M NH,OH and
calcined for 1-2 hr at 300-500°C to remove ammonia and
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carbon dioxide. The filtrate and the supernatant from the
settler are recycled to the stripping system after forti-
fication with ammonia and carbon dioxide. Molybdenum (and
to some extent vanadium) builds up in concentration in the
ammonium carbonate recycle solution and is removed in a
small bleed stream. A small amount of water is added to
the stripping circuit to replace that lost to the bleed
stream and by hydration of the ammonium salt of D2EHPA (~13
moles H,0 per mole of DZEHPA).

Stoichiometric chemical requirements for stripping and
precipitation are 1 mole of ammonia per mole D2EHPA plus 4
moles of ammonia and 3 moles of carbon dioxide per mole of
uranium recovered. For 0.1 M D2EHPA, loaded to 5 g of
uranium per liter, this amounts to 0.53 1lb of ammonia and
0.47 1b of carbon dioxide per pound of U;03. In practice,
regquirements are 10-20% higher than stoichiometric to com-
pensate for losses to the bleed solution and by entrainment
of strip sclution in the solvent.

Organic recycle

~5 g U/liter

EXTRACTION |, | STRIPPING
11.2-1.5 M
(NH, ), UO, (COs )5 3(§H4)202%
slurry -6 g U/liter
Raffinate Reduced
leach - CO,
liguor <~ NH,
<« H, 0
SETTLER e
\
Thickened
slurry > Bleed
1 M NH,OH __ ,
wash S FILTRATION 2>

(NH4 ) 4UO; (CO3 ),

p

CALCINATION {> NH,
e
(300-500°C) |, ¢

!

U3 0g

Fig. 4.1. Ammonium carbonate stripping process. Organic:
D2EHPA in kerosene + organophosphorus or alcohol modifier.
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5.0 CONTINUOUS TESTS

A series of continuous tests was made in bench-scale
mixer-settler equipment with synthetic leach liquors to
study the effects of numerous variables on the stripping
process and to establish reagent costs. Stripping was
effective and physical operation was satisfactory over a
relatively wide range of recycle solution and feed liquor
compositions., Highly effective separation from molybdenum
and partial separation from vanadium were obtained in the
precipitation step.

In all tests the organic phase consisted of 0.1 M
D2EHPA in kerosene + 0.05 M diamyl amylphosphonate (DAAP).
Modifier requirements to ensure miscibility of the
ammonium salté of D2EHPA in kerosene in the stripping
operation are much lower than for the sodium salt. The
concentration of DAAP used was about 80% of the minimum
concentration® required to maintain miscibility when
sodium carbonate is used for stripping but was the approxi-
mate concentration that produces maximum synergistic en-
hancement of uranium extraction. 1In all the continuous
runs subsequently described, physical operation of the ex-~
traction circuit (3 stages) was satisfactory and low-
uranium-concentration raffinates (<0.003 g of uranium per
liter) were obtained. Detailed extraction data were not
obtained since the function of the extraction system was
simply to supply extract for the stripping studies,

Run 1. This was a shakedown run of ~18 hr* duration
using a uranyl sulfate—sodium sulfate solution (5 g of
uranium and 48 g of SO, per liter, pH 1) as aqueous feed.
The solvent was loaded to ~5 g of uranium per liter. The
stripping system included a single wmixer-settler stage and
a reservoir for decanting the recycle solution from the
AUT product:

Extract Stripped
(~5 g U/liter) organic
75 ml/min to extractor Hﬁo
| STRIPPING | o REAGENT [<NH;
(1 stage) MAKEUP *_COZ
Run 1
+
RESERVOIR T Recycle ~g %.gg%’
+Bleed solution, 2.5-3 ml/min

(none) 30 m1/min

Thickeﬂgd AUT
to fiiter

*This was the total run time rather than the continuous span
of the run since the system was operated only on the day
shift.
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Both the settler and reservoir had conical bottoms and the
settler was equipped with a slow-turning agitator (in the bot-
tom portion of the cone) to ensure proper discharge of solids.
The concentration of the ammonium carbonate solution in the
settler and reservolr was 1.5 M at startup and was maintained
at approximately that level throughout the run by addition to
the recycle solution of approximately 2 M (NH,),CO;—2 M NH,OH
solution which was prepared continuously by dissolving ammonia
and carbon dioxide gases in water. The concentration of
uranium in the recycle solution increased to ~3 g per liter
and became stabilized at that value.

Stripping of uranium was essentially complete, filtered
samples of the stripped solvent analyzing <0.005 g of uranium
per liter. Mixing was organic-continuous. The bulk of the
phases separated rapidly but entrainment of agqueous in the
solvent recycle stream was relatively high. Although this had
no adverse effect on physical performance, it increased the
consumption of stripping reagent. The AUT precipitate settled
rapidly (to a concentration in the thickened slurry of ~450 g
of uranium per liter) in the settler, leaving a clear inter-
face, and was readily filtered. Entrainment of organic in the
precipitate slurry appeared negligible. The air-dried AUT
precipitate analyzed 12.4% NH,, 43.8% U, and 34.1% CO,,
equivalent to an NH, /U/CO; mole ratio of 3.96/1.00/3.09.

For about one-fourth of the run, the temperature in the
stripping circuit was maintained at ~40°C. The higher tem-
perature did not decrease agqueous entrainment in the solvent
and resulted in production of relatively fine-particle AUT
which did not settle as rapidly as the coarse AUT obtained
at ambient temperaiure.

Run 2 (~20 hr duration). The aquecus feed for this run
was a synthetic leach liquor (pH 1) containing 5 g of U, 1 g
of V(IV), 2 g of Fe(Il), 0.2 g Fe(III), 3 g of Al, 1 g of PO4,
and 30 g of SO, per liter. A second stripping stage was added
to the circuit, mixing in this stage being controlled agueous-
continuous to decrease aqueous entrainpment in the stripped
solvent:

Extract Intﬁasiage Stxripped
(~5 g U/liter) recycie, organic

75 mﬁ;?in 7> ml mi? to extractor

STRIPPING STRIPPING | H2 P
~(stage 1) (stage 2) REAGENT
E, — NH
Runs Recycle solution, MAKEUP ¢~«co:
2-~3 15-30 ml /min —nd +
RESERVOIR ~6 M NHY,
—"Bleed, 0-0.8 ml/min ~2 M CO;
Thickengd AUT 2.5-3 ml/min

to filter
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Since the organic/aqueous feed ratio to this stage was
25/1, it was necessary to recycle aqueous from the settler
to the mixer to maintain the agueous phase continuous.
Under these conditions, aqueous entrainment in the stripped
solvent was decreased considerably below that which
occurred in run 1 but was still appreciable,

There was no bleed of recycle solution in runs 1 and
2 and, consequently, the volume of solution in the reser-
voir continuously increased.

The composition of the recycle solution was not criti-
cal. Physical operation was favorable and stripping of
uranium and contaminants was essentially complete when the
carbonate concentration was ~1.2 M and the NH]/CO3 ratio
in the solution was varied from ~1.4/1 (pH 8.2) to ~2.3/1
(pH 9.6). Almost all the extracted uranium, vanadium, and
iron were stripped in the first stage:

Organic Analysis, g/liter

Organic Sample U \'] Fe
Extract 5.1 0.05 0.07-0.09
First stripping stage 0.007-0.017 <0,01 <0.01
Second stripping stage 0.002 <0.01 <0.,01

The product from run 2 was not analyzed.

Run 3 (57 hr duration). The composition of the feed
liquor for run 3 was the same as for run 2 except that
0.15 g of molybdenum per liter was added and the Fe(III)
content was varied during the run. More than 95% of the
molybdenum in the feed liquor was extracted but <2% of
this molybdenum reported to the uranium product.

The solution remaining in the reservoir and stripping
system from runs 1 and 2 was discarded and replaced with
fresh ammonium carbonate solution. The carbonate concen-
tration in the recycle solution was varied from 1.55 to
0.9 M while maintaining the NH}/CO; ratio in the range
1.7-2.0/1. Throughout the run, stripping of uranium and
contaminants was virtually complete and physical operation
was good. A material balance for the run showed that con-
sumption of ammonia and carbon dioxide was <10% in excess
of stoichiometric requirements (Sec. 4.0). The average
uranium concentration in the recycle solution increased
from ~4 to ~11 g/liter as the ammonium carbonate concentra-
tion changed from 1.55 to 0.9 M (Table 5.1). Owing to
supersaturation effects, the uranium concentration was
higher than would be predicted from Fig. 2.1 and, for each
carbonate concentration, varied over a relatively wide
range at different sampling times.
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Table 5.1 Effect of Ammonium Carbonate Concentration

on Uranium Solubility (data from Run 3)

Uranium in Recycle

Recycle Solution Composition, M Solution, g/liter
NHY CO5 Range Avg?d
3.07 1.55 3.1- 5.1 4,2
2. 42 1.35 4.7~ 7.5 5.9
2,27 1.20 6.6~ 8.9 7.8
1,84 1.05 7.1~ 9.4 8.1
1.59 0.90 8.5-13.2 106.5

40f four to six samples.

Moclybdenum, which is soluble in the recycle solution,

continuously increased in concentration during the rum to
4.4 g/liter. The recycle solution bleed (0.8 ml/min) was
insufficient sc that there was a continuous increase (~0.8
ml/min) in the volume of solution in the reservoir.

During run 3 the concentration of iron in the extract
was increased from 0.04 to 0.13 g/liter by increasing the
Fe(IT11) in the feed liquor from <0.1 to 0.4 g/liter. This
had no apparent effect on physical operation of the strip-
ping circuit but increased the iron content of the product
(calcined 2 hr at 500°C):

Fe (I1I) in Fe in Fe in Product, HNO, Inscluble®
Feed Liguor, Extract, % based on Uranium, %
g/liter g/liter U, Og based on U;0,
<0.1 0.04 0.35 0.00006
0.2 0.11 1.4 0.007
0.4 0.13 2.3 0.011

The nitric acid—inscluble uranium in the product increased
with increasing ironm concentration but in all cases was far
below the concentrate specification limit of 0.1%.

In the above tesis no attempt was made to separate the
precipitated iron from the AUT. It appeared, however, that
some hydraulic separvation wight be possible since the AUT
gsettled rapidly and the iron slowly.

The concentration of vanadium in the extract ranged
from 0.02 to 0.03 g/liter, a portion of this vanadium pre-
cipitating with the uranium and the balance remaining
soluble in the recycle solution. The average V,0; content
of six batches of product was 0.3% and the maximum 0. 7%,
which is well below the specification limit of 2%:
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Product V in Extract, V.05 in Product,
Batch g/liter % based on U,;04

1 0.03 <0.1

2 0.03 0.42

3 0,02 0.71

4 0.03 0.22

5 0.02 0.27

6 0.02 0.13

The products also contained 95-97% U;05, 0.005-0.03% Mo,
0.35-2.3% Fe, <0.01% NH;, ©0.2-0.5% CO;, 0.01-0.09% PO,,
and <0.1% S0,.

Run 4 (18 hr duration). The method used in runs 2
and 3 for adding makeup stripping reagent required prepa-
ration of a concentrated (NH,),CO;—NH,0OH solution for feed
to the second stage. The volume of recycle solution in the
reservoir built up during these runs and, in process prac-
tice, a relatively large bleed (2-3% of the organic flow
rate) would be necessary to maintain a volume balance. 1In
runs 4 and 5, ~0.5 M (NH,),C0; was fed to the second stage
and the bulk of the ammonia and carbon dioxide were added
by absorbing the gases in the solution contained in the
reseyxrveir:

Intrastage Stripped
(~5Egt§?§:ter) recycle, organic
75 ml/min 75 ml/min to extractor
i T } H,0
STRIPPING STRIPPING i
(stage 1) (stage 2) ¥ REAGENT NEH,
Runs MAKEUP : CO,
4.5 Recyc}e |
solution, ~1 M NHI
. ALY ’__
NiL.—] RESERVOTR 23 ml/min ~0.5 M CO3
Coz_ﬁ. ] Bleed, 0.8 ml/min 2~2.5 ml/min

Thickened AUT
to filter

This procedure made the choice of aqueous flow rate to the
second stage (and thus the amount of bleed) independent of
reagent requirements, and volume control was simple. The
bleed was set at approximately 1% of the organic flow rate
and the flow of 0.5 M (NH,),CO, was adjusted to the value
that balanced aqueous losses, i.e., maintained an approxi-
mately constant aqueous volume in the reservoir.
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The feed liquor (pH 1) contained 5 g of U, 1 g of
v(iv), 0.15 g of Mo, 2.0 g of Fe{IlI), 0.2 g of Fe(Ill),
3 gof Al, 1 g of PO,, and 30 g of SO, per liter. The
ammonium carbonate concentration was maintained at ~1.6 M,
which limited the uranium concentration in the recycle
solution to 3-6 g/liter (Table 5.2). The extract, which
contained 5 g of U, 0.15 g of Mo, 0.02 g of V, and 0.06 g
of Fe per liter was essentially completely stripped of all
metals in two stages.

Table 5.2 Data for Continuous Eun 4

Aqueous in stripping system and reservoir at startup
was that remaining from run 3

Run
Time, Analysis, g/liter Molarity
Sample hr U Mo \ Fe NH} COy
Pregnant 4 5.0 0.146 0.05 0.06 - -
organic 10 4.8 0.145 0.02 0.06 - -
14 5.1 0.154 0.02 0.07 - -
18 4.8 0.156 0.02 0.06 - -
Recycle 2 6.4 4.4 - - 3.08 1.60
solution?® 4 6.0 4.5 - - 3.68 1.64
6 4.5 4.5 - - 3.63 1.63
8 2.9 4.8 - - 3.73 1.56
10 3.3 4.7 ~ 3.59 1.61
12 4.6 4.8 - - 3.25 1.48
14 5.6 4.8 ~ - 3.39 1.53
16 3.6 5.0 - - 3.34 1.58
18 4.1 5.0 - - 3.40 1.62
Aqueous from 4 3.8 1.01 - - 1.39 0.65
stage 2 10 5.7 1.62 - - 1.64 0.79
14 6.0 1.84 - - 1.76 0.87
18 5.6 1.84 ~ - 1.74 0.88
Organic from 4 0.003 <0.005 <0.01 <0.003 - -
stage 2 10 0.006 <0.005 <0.01 <0.003 - -
14 0.006 <«0.005 <0.01 <0.003 - -~
18 0.004 <0.005 <0.01 <0.003 - -

% fhe pH of the recycle solution ranged from 9.3 to 9.6.

Aqueous entrainment in the stripped organic was much
lower than in previous runs, in which concentrated ammonium
carbonate was fed to the seccnd stage. The cost of ammonia
and carbon dioxide lost by this mechanism in run 4 was
estimated at <0.5¢ per pound of U;05. In addition, with
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the more dilute ammoniuvm carbonate, there was no precipi-
tation of AUT in the second stage as had occurred in runs
2 and 3.

The calcined (2 hr at 500°C) product analyzed 96.3%
U;0g, 0.014% Mo, 0.97% Fe, <0.2% V,05, 0.1% Al, <0.01% NH,,
0.23% CO;, <0.1% SO,, 0.037% PO,, and 0.0024% HENO; —insol-
uble uranium.

Run 5 (9.5 hr duration). The molybdenum concentration
in the recycle solution continuously increased in the pre-
ceding runs, reaching ~5 g/liter at the end of run 4. To
test separations from uranium at still higher molybdenum
concentrations, the recycle sclution was spiked with
ammonium molybdate, increasing the molybdenum concentration
to 12 g/liter. The ammonium carbonate concentration in the
recycle solution was maintained at 1.6-1.7 M (Table 5.3).
Under these conditions the molybdenum content of the pro-
duct was only 0.024%, which is in the approximate range of
that obtained in runs 3 and 4 with 3-5 g of molybdenum per
liter in the recycle solution.

Table 5.3 Data for Continuous Run 5

Aqueous in stripping system and reservoir at startup
was that remaining from run 4

Run
Time, Analysis, g/liter Molarity
Sample hr U Mo \ Fe NHY CO5
Pregnant 4 5.0 0.15 0.08 0.07 - -
organic 9.5 4,7 0.16 0.09 0.07 - -
Recycle 2 4.0 12.0 0.35 - 3.23 1.55
solution 4 3.7 11.9 0.66 - 3.27 1.60
6 4.3 11.6 0.81 - 3.54 1.61
8 4.7 11.5 0.86 - 3.55 1.65
9.5 2.6 11.5 0.94 - 3.65 1.69
Aqueous from 4 4.1 2.52 - - 1.41 0.66
stage 2 9.5 4.1 3.3 - - 1.55 0.83
Organic from 4 0.003 <0.005 <0.01 <0.,003 - -
stage 2 9.5 0.003 0.005 <0.,01 <0.003 - -

In addition to operating with a higher concentration
of molybdenum in the recycle solution, the concentration of
vanadium in the feed liquor for this run was increased to 5
g/liter (otherwise the liquor composition was the same as
in run 4). The extract contained 0.08-0.09 g of vanadium
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per liter (Table 5.3), equivalent to ~2.7% V,0; based on
U30g. Uranium was fairly effectively separated from ex-
tracted vanadium in the stripping process since the cal-
cined uranium product contained only 0.4% V,05. However,
the vanadium concentration in the recycle solution was
still increasing at the end of the run and poorer separa-
tions would be expected at equilibrium. The continuous in-
crease of vanadium concentration in the recycle solution
was somewhat surprising. Although not measured throughout
runs 3 and 4, the concentration was <0.1 g/liter at the end
of run 4, indicating negligible buildup of vanadium.
Whether the higher vanadium solubility obtained in run 5
can be attributed to the presence of a higher concentration
of molybdenum, or to some other factor, has not been estab-
lished. 1t should be noted that the obtaining of uranium
products of low vanadium content in the Dapex process is
not dependent on obtaining favorable separation in the
stripping step since, if desired, vanadium can be readily
scrubbed from the extract with dilute sulfuric acid prior
to stripping.

The calcined product from run 5 contained (in addition
to 0.024% Mo and 0.4% V,05; previously mentioned) 96.2%
U304, 1.0% Fe, 0.04% NH,, 0.87% CO;, 0.04% PO,, and 0,0024%
HNQC; —insoluble uranium,

Accumulation of Solids on Equipment. The AUT tended
to accumulate slowly as a tenacious scale on glass equip-
ment in the first stripping stage but did not adhere to
Tygon tubing or to Plexiglas. Replacement of the original
glass mixer-settler with one made of Plexiglas alleviated
this problem. This suggests that scale formation might be
avoided in a production facility by judicious choice of
construction materials for the first stripping stage.
However, occasional shutdown and cleaning (the scale dis-
solves in hot water and more readily in dilute acid) of
the equipment wight still be redquired.

5.1 Recovery of Uranium from Bleed Solution

The uranium in the bleed solution, which in runs 4
and 5 constituted ~1% of the total uranium processed, must
be recovered and separated from molybdenum. Good recov-
eries and favorable separation from molybdenum were ob-
tained by beiling the bleed solution to precipitate uranium
or by acidifying the solution and passing it through a
carbon column to adsorb molybdenum.

Boiling the Bleed Solution. Boiling a bleed solution
to distill ammonia and carbon dioxide, until the pH dropped
to ~8, caused precipitation of >99% of the uranium, whereas
most of the molybdenum stayed in solution:
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Boiling Supernatant Analysis, Precipitated,?
Time, g/liter % of total
Solution min pH U Mo U Mo
1 Initial 9.2 5.3 4.3 - -
20 8.9 3.7 3.8 30 12
25 8.8 0.24 3.6 95 17
55 7.7 0.014 3.1 99.7 28
2 Initial 9.3 2.8 5.0 g —-
25 8.4 0.017 4.3 99.9 14

2Based on head solution and supernatant analyses.

In another test, with a bleed solution containing 2.1 g of
U, 11.8 g of Mo, and 1 g of V per liter, boiling until the
pH decreased to 8.4 precipitated 99.8% of the uranium, ~50%
of the vanadium, and only 2% of the molybdenum. The better
separation from molybdenum in this test might have been due
to the presence of vanadium but this has not been estab-
lished experimentally. The uranium precipitate obtained by
boiling the bleed solution can be dissolved in the pregnant
leach liquor and reprocessed through the extraction circuit,

Adsorption of Molybdenum on Activated Carbon. This
method has been tested only with bleed solution from a con-
tinuous test on ammonium carbonate stripping of a tertiary
amine extractant. Similar results, however, would be ex-~
pected in treating bleed solution from the Dapex system.

An Amex bleed solution, containing ~1 g of U and 8 g of Mo
per liter, was acidified to pH 1.5 with sulfuric acid and
passed through an 11-in. bed of 20x50 mesh Type OL activat-
ed carbon (Pittsburgh Coke and Chemical Company). More
than 96% of the uranium and only 20% of the molybdenum
passed through the column. This solution could be recycled
to the extraction system. The column (loaded to ~270 g of
molybdenum per liter) was regenerated with 2 M NH,OH. If
desired, relatively high-purity molybdic oxide could be re-
covered from the eluate by evaporation and calcination of
the residue.

6.0 REAGENT COSTS

Based on data from continuous rumns 4 and 5, reagent
costs (excluding the cost of reducing ferric iron in the
feed liquor) for extraction, stripping, and precipitation
are estimated at ~10¢ per pound of U,0; (Table 6.1). This
estimate assumes use of commercial carbon dioxide (5¢ per
pound). The use of flue gases as a source of carbon
dioxide offers a potential cost saving of ~2¢ per pound of
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. Recovery of stripping reagent from the calciner off-
s offers further potential for decreasing reagent costis.

Table 6.1 Estimated Reagent Costs for Ammonium

Carbonate Stripping

Assumes treatment of a liquor containing 1.2 g of
U305 per liter

Unit
Consumption, Cost, Cost,
Chemical Consumption 1b/1b U304 Z/1b Z/1b U304
NH, Stripping 0.60 5.9 3.5
CO,; Stripping 0.55 5 2.8
DZ2EHPA Distribution to
raffinate? <0,004 100 <0.4
DAAP Distribution to
raffinate? <0.004 100 <0.4
Organic Entrainment and
phase spillageP 0.05 gal 53¢ /gal 2.6
Total 9.7
Apistribution losses to raffinate of DZ2EHPA and DAAP are <5
ppm. Losses to bleed solution are ignored since volume is
so small,
bgntrainment and spillage estimated at 0.05% of raffinate
volume.

1.
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8.0 APPENDIX

8.1 Description of Equipment

The mixer-settlers used in the continuous runs were
similar to those described in ORNL-2172, Appendix A.
Solution flows were controlled with flowrators or with
microbellows pumps, and slurry streams were transferred
with a finger pump. Information on the size of the equip-
ment is given in Table 8.1.

Table 8.1 Size of Equipment Used
in Continucus Tests

Uranium stripping

Mixer volume, stage 1 980 ml
stage 2 720 ml

Settler volume, stage 1 3040 ml
stage 2 1090 ml

Settler area, stage 1 20 in.?2
stage 2 12 in.?%

Recycle solution reservoir

Working volume 2000~5000 ml
Area 20 in.2
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