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Abstract

Uranium is recovered from phosphoric acid by the D2EHPA/TOPO process. In this process uranium
is stripped from the loaded D2EHPA /TOPO solvent in the second cycle by an ammonium carbonate
solution.

This paper studied stripping of uranium from 0.3 mol/L D2EHPA / 0.075 mol/L TOPO in
kerosene by different ammonium carbonate solutions. The ammonium carbonate solutions tested
were either prepared locally from ammonia and carbon dioxide gases or commercial and laboratory
grades available on the market. A comparison was made between these carbonate solutions in terms
of purity, stripping efficiency and phase separation. Both stripping and phase separation were carried
out under different conditions of phase ratios and concentrations.

The results obtained showed that ammonium carbonate prepared from direct reaction of am-
monia and carbon dioxide gases had a high purity and gave the same stripping yield as the laboratory
grade. The phase separation was also slightly improved using a pure synthesized ammonium carbon-
ate solution. The phase separation was found to be the best at a concentration of 0.5 mol/L ammonium
carbonate solution and at a phase ratio A/O of 1/1 and a temperature of 50◦C. It was possible to obtain
> 99% yield of uranium by operating 2 stripping stages counter-currently under these conditions.
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1. Introduction

Uranium is recovered from wet phosphoric acid by extraction with D2EHPA/TOPO
solvent in kerosene in two cycles. The first cycle consists of extracting uranium from
phosphoric acid in four stages by mixing with D2EHPA/TOPO solvent in kerosene.
The loaded solvent is then stripped from uranium by mixing with concentrated and
reduced current of phosphoric acid. In the second cycle uranium is extracted from
the concentrated acid by contacting it with D2EHPA/TOPO solvent in kerosene
in other four stages. The loaded solvent is then stripped by an alkaline solution.
Ammonium carbonate solutions in different concentrations and pHs are usually
used at a temperature of 50◦C. EZAHR [1] mentioned that the solvent was first
washed with water or dilute sulfuric acid to remove traces of P2O5. It was then
stripped by an ammonium carbonate solution of 250 g/L concentration at A/O = 1/5
by volume phase ratio. BERRY [2] stated that the D2EHPA/TOPO solvent was first
washed with water to remove dissolved phosphoric acid. It was then stripped by a
dilute solution of ammonium carbonate solution to prevent precipitation of uranium.
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The solution was then treated with sulfuric acid to reduce the pH and to remove
CO2. Uranium was then precipitated by addition of ammonia. SCHNEIDER [3]
mentioned that stripping was achieved in two stages by counter-current contact of
loaded organic solvent with a solution of ammonium carbonate keeping NH3 and pH
at specific values to precipitate uranium in the form of ammonium uranyl carbonate
AUC. FATOVIC [4] found that stripping should be achieved at a constant pH of the
order of 8–8.4 because the selectivity was not good at pH< 8, while at pH> 8.4,
iron precipitated in the form of Fe(OH)3 and polluted the yellow cake. SINGH [5]
used sodium carbonate at 0.15 % w/v to obtain a salt containing more than 7 g/L
U3O8. He used a phase ratio O/A= 0.5/1 to get a good phase separation. Uranium
was then precipitated by sodium hydroxide solution. KHORFAN et al. [6] studied
stripping of uranium from 0.1 mol/L D2EHPA in kerosene by different acids and
alkalis. The results showed that stripping by alkaline solutions was always higher
than by acidic solutions. Stripping by alkaline solutions decreased in the following
order:

Na2CO3 > (NH4)2CO3 > NH4HCO3.

Stripping also enhanced by an increase in the pH and concentration of the solution.
An ammonium carbonate solution at 0.5 mol/L gave a yield > 99.8% at a temperature
of 20 ◦C.

2. Materials and Methods

2.1. Preparation of Ammonium Carbonate

Fig. 1 is a schematic diagram of the reactor used to synthesize ammonium carbonate.
The reactor was made of stainless steel SS904L and supplied with 4 baffles. The
volume of the reactor was 40 liters and the diameter was 0.35 m. Ammonia gas
with a purity of 99.92% vol was introduced via the top of the reactor from a gas
cylinder under a pressure of 8–10 bar. Carbon dioxide as a gas with a 99.95%
vol purity was also introduced at the top of the reactor from a gas cylinder with a
pressure of 50–55 bar. The flow of both gases was accurately controlled. Water
was introduced to the reactor and a mixer of 12 cm diameter was operated by a
0.75 kW motor. The product in the form of an ammonium carbonate solution was
withdrawn at measured rates from the bottom of the reactor.

Samples were withdrawn at certain intervals and analyzed by a Metrohum
E536 type potentiometer. The solution was titrated by 0.1 N HCl solution. The
composition of the solution was determined from the resulting curves according to
methods mentioned in the literature [7, 8].
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Fig. 1. Schematic diagram of the reactor for synthesis of ammonium carbonate from am-
monia and carbon dioxide gases

2.2. Stripping of Uranium

Stripping of uranium from loaded 0.3 mol/L D2EHPA/0.075 mol/L TOPO in kero-
sene solvent containing 8 g/L of U was carried out using either prepared ammonium
carbonate or a commercial bicarbonate with 85% purity or a laboratory grade car-
bonate from BDH Laboratory Supplies, England, with> 95% purity. The stripping
was carried out at 50◦C. The time of mixing was fixed in 5 minutes and that for
separation in 20 minutes. Phase ratios A/O 0f 1, 1.5 by volume were used. The
concentrations of ammonium carbonate solution used were 1 mol/L and 0.5 mol/L.
Uranium concentration in aqueous and organic phases was determined by a Gamma
Spectrometer with an NaI crystal of the Canberra Industries Model 80 L type with a
Multi Channel Analyzer MCA Series 35 Plus. The uranium concentration was cal-
culated from the U235 peak at 186 Kev [9, 10]. The distribution ratioD for uranium
between the aqueous and organic phases was calculated from this relationship:

D = [U ]A/[U ]O , (1)

where:

[U ]A concentration of uranium in the aqueous phase g/L.
[U ]O concentration of uranium in the organic phase g/L.



126 S. KHORFAN et al.

2.3. Phase Separation

Experiments at the speed of phase separation were conducted on prepared am-
monium carbonate and commercial ammonium carbonate solutions. The loaded
solvent was mixed with the ammonium carbonate solution for 5 minutes at a tem-
perature of 50◦C. The mixture was allowed to settle in a measuring cylinder with
a volume of 100 c.c. and a height of 19 cm. The height of the interface was mea-
sured at certain time intervals. The experiment was carried out with 0.5 mol /L and
1 mol /L ammonium carbonate solutions at 0.5, 1, 1.5 and 2.0 O/A phase ratios.

3. Results and Discussion

3.1. Preparation of Ammonium Carbonate

Ammonium carbonate solution was prepared in the reactor shown inFig.1. The
reaction reached the steady state after 60 minutes where a constant flow of approxi-
mately 2 mol/L of ammonia and 1 mol/L of carbon dioxide reacted to form 1 mol/L
of ammonium carbonate solution according to the reaction:

2 NH3 + CO2 + H2O → (NH4)2 CO3. (2)

The results are represented inFig. 2. The purity of ammonium carbonate was mea-
sured by the potentiometer and found to be> 99% wt.

Decomposition of the ammonium carbonate solution was tested by analyzing
samples over a period of 1 week. The results showed no appreciable change in the
composition at a temperature of 25◦C over this period.

3.2. Stripping of Uranium

Results on stripping of uranium from the loaded solvent are shown inFig.3 where
concentration of uranium in the aqueous phase is plotted vs. concentration of
uranium in the organic phase for the three different types of ammonium carbonate
solutions. The results fit a function of the type:

Y = a Ln X + b, (3)

where:

Y = concentration of uranium in the aqueous phase g/L.
X = concentration of uranium in the organic phase g/L.
a, b = constants,a = 7.8104,b = 9.8304.
The correlation factorR = 0.9716.
This curve is called the stripping curve or the isotherm at 50◦C.
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Fig. 2. Synthesis of ammonium carbonate from ammonia and carbon dioxide gases

Fig. 3. Equilibrium curve for stripping of uranium from different ammonium carbonate
solutions. (T = 50 ◦C, [U ]O = 8 g/L, [(NH4)2CO3] = 0.5 mol/L)

The correlation could be simplified for concentrations of uranium in the aque-
ous phase in the range 0− 8 g /L which is the usual range encountered in practice.
The new relationship was represented in the form of a straight line as:

Y = m · X, (4)
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where:

m = 10.763.

The distribution ratioD as defined byEq. (1) is:

D = m = 10.7. (5)

The results show a very little difference as far as stripping is concerned between the
three types of ammonium carbonate solutions.Fig.4 shows the McCabe & Thiele
diagram [11] for stripping 0.3 mol/L D2EHPA /0.075 mol/L TOPO in kerosene
loaded with 8 g/L uranium by 1 mol/L ammonium carbonate solution at 1 and 1.5
O/A phase ratios. This method as illustrated inFig.4 shows that 2 counter-current
stages are enough to give 99% stripping yield and to reduce the uranium content
in the solvent to less than 200 ppm. This result is identical to the operation of a
stripping unit in a commercial plant.

Fig. 4. Number of stages for stripping of uranium from ammonium carbonate solutions
by McCabe & Thiele Method. (T = 50 ◦C, [U ]O = 8 g/L, [(NH4)2CO3] =
0.5 mol/L.)

3.3. Phase Separation

In stripping it is not only important to have a high transfer of uranium from organic
to aqueous phase, but it is essential to have a quick separation of phases with no
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Fig. 5. Height of interface vs time for ammonium carbonate solutions ([M] = 0.5 mol/L ,
T = 50 ◦C, O/A = 1.0)

Fig. 6. Height of interface vs time for ammonium carbonate solutions ([M] = 0.5 mol/L,
T = 50 ◦C, O/A = 1.5)

emulsions. Phase separation experiments were conducted at 50◦C and different
ammonium carbonate concentrations and phase ratios for the prepared and the
commercial carbonate. The results obtained show that phase separation is always
quicker for the prepared carbonate.Figs. 5, 6, 7 and8 indicate that phase ratios of
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Fig. 7. Height of interface vs time for ammonium carbonate solutions ([M] = 0.5 mol/L,
T = 50 ◦C, O/A = 2)

Fig. 8. Height of interface vs time for ammonium carbonate solutions ([M] = 0.5 mol/L,
T = 50 ◦C, O/A = 0.5)

O/A = 1 and 0.5 are better for phase separation than O/A= 1.5 and 2 under the
same temperature and carbonate concentration.

The effect of ammonium carbonate concentration on phase separation is il-
lustrated by comparingFigs. 5 and9 or 6 and10. It is clear that at the same phase
ratio and temperature, the phase separation is much quicker at 0.5 mol/L carbonate
concentration than at 1 mol/L.

A height of 6 cm is reached after 1 minute for 0.5 mol/L compared with 15
minutes for the 1 mol/L concentration at O/A= 1. When phase ratio O/A is 1.5, the
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Fig. 9. Height of interface vs time for ammonium carbonate solutions ([M] = 1.0 mol/L,
T = 50 ◦C, O/A = 1.0)

Fig. 10. Height of interface vs time for ammonium carbonate solutions ([M] = 1.0 mol/L,
T = 50 ◦C, O/A = 1.5)

phase separation is even slower especially for ammonium carbonate concentration
of 1 mol/L as shown inFig. 10.
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4. Conclusion

Ammonium carbonate solutions prepared by synthesis from ammonia and carbon
dioxide pure gases are found to have higher purity than commercial or laboratory
grade ammonium carbonates. This was proved to give a slightly better stripping and
phase separation while the cost of the prepared ammonium carbonate was less than
the laboratory grade by a factor of 17. Stripping yield was shown to be> 99% when
carried out counter-currently in 2 stages at a temperature of 50◦C and 0.5 mol/L
ammonium carbonate solution and a phase ratio O/A= 1. Phase separation was
optimal for 0.5 mol/L ammonium carbonate concentration, O/A= 1 phase ratio,
and a temperature of 50◦C. A height of 6 cm was reached after 1 minute compared
with 140 minutes for 1 mol/L ammonium carbonate concentration and O/A= 1.5
phase ratio.
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