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Abstract

A study was made on the extraction of uranium from aqueous solu-
tion containing sodium carbonate and sodium hydroxide in the pres-
ence of oxidizing agent (H2O2) by Aliquat-336 dissolved in different
diluents. The effect of different factors affecting the extraction equili-
brium was experimented. From the results obtained, the extraction equi-
librium was elaborated. From the effect of temperature on the extrac-
tion, the thermodynamic constants of the system were determined and
discussed.

1-Introduction
Solvent extraction is an effective method for recovery, separation and
purification of metals and it is used for hydrometallurgical refining of
uranium and reprocessing of the spent nuclear fuel. In recent years, sol-
vent extraction has been attempted for uranium recovery from alkaline
medium.

457



Uranium is extracted from its ores either by acidic or alkaline
leachants[l]. Uranium sorption from carbonate medium by the strongly
basic anion exchanger was studied by IR spectroscopy [2]. The
extraction of transplutonium elements (TPE) using Aliquat-336 and
alkylpyrocatechol from strongly alkaline solution was investigated using
NMR and IR spectroscopy [3]. Extraction of uranium from ferric
nitrate- nitric acid medium containing fission products into propylene
carbonate followed by carbonate stripping and a final extraction of
uranium by dibenzoylmethane in propylene-carbonate was studied [4].
The concentrated uranium in the aqueous alkaline solution was
separated through fixation as an anionic tricarbonate complex of
uranium in columns of anionic resin [5]. Sorption of uranyl
peroxocarbonato-complexes on anion exchanger systems was also
studied [6]. Dowex 2-X8 proved to have a marked selectivity for the
dioxouranium tricarbonato complex [7]. Dissolution of uranium oxide
in alkaline carbonate medium containing sodium hydroxide and
hydrogen peroxide as oxidant was also investigated [8], and it was
extracted from this medium by Aliquat-336 in benzene [8].

This work is extension to a previous work [8] and aimed to
investigate the extraction of uranium from alkaline medium by Aliquat-
336 dissolved in toluene, xylene, CCI4 and MIBK. The factors affecting
the extraction were investigated. The effect of temperature on the
extraction for all the diluents used was studied and the thermodynamic
parameters were calculated and discussed.

2-Experimental

All chemicals used were of analytical grade reagents and used
without further purification. Toluene was an AR product of
BDH,England. Benzene, xylene, carbon tetrachloride, CCI4 and
methyliso- butylketone, MIBK, were supplied by Adwic Laboratory
Chemicals.

The aqueous medium was an alkaline solution of 40%
50% NaOH and 10% H2O2, where uranium oxide was dissolved in this
alkaline solution as previously discribed [8]. Changes in different
parameters were obtained by dilution. The organic phase used was
composed of Aliquat-336 (tricapryl-methylammonium chloride)
dissolved in each of benzene, toluene, xylene, CCI4 or MIBK.
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Extraction Procedures:

Disribution experiments for extraction of uranium were performed
in a similar manner as discribed previously [8].

The uranium concentration in the aqueous alkaline solutions was
determined spectrophotometrically using a Shimadzu UV-Visible
recording spectrophoto-meter,type UV-160A. The absorbance was
measured at 360-380 nm as previously reported [8J.

3-Results and Discussion

The effect of the different parameters affecting the extraction of
uranium from alkaline solution by Aliquat-336 in benzene were
separately investigated. From alkaline solution containing 20% Na2CO3,
25% NaOH and 10% H2O2, the extraction of uranium was carried out by
Aliquat-336 dissolved in toluene ,xylene, CCI4 and MIBK. The effect of
Aliquat concentration on the extraction was ivestigated. The distribution
ratio was found to increase with increasing Aliquat concentrations and
reached a maximum when the Aliquat concentrations are 4%, 5%, 4%
and 12% for toluene, xylene, CCI4 and MIBIrrespectively (it was found
3% for benzene[8]). At higher extractant concentration, the distribution
ratio is constant. The log D vs log % Aliquat concentration in each
diluent,Figure 1, gave a positive slope of 2. This trend is similar to that
previously obtained in case of benzene [8].

Extraction of uranium from alkaline medium by Aliquat-336 (4%,
5%, 4% and 12% for toluene, xylene, CCI4 and MIBK respectively) in
the different diluents used is affected by the composition of aqueous
phase. The decrease in Na2CC>3 concentration in the solution at constant
50% NaOH and 10% H2O2 concentrations was found to increase the
distribution ratio. Straight lines were obtained, Figure 2, with a slope
of -1 .

The variation of NaOH concentration of alkaline solution with
constant 40% Na2CO3 and 10% H2O2 proved also to affect the
extraction of uranium.

With the increase of NaOH concentration, the distribution ratio
decreases noticeably. The data is given in Figure 3 as a relation between
log D vs log % NaOH concentration showing straight lines of slopes
equal to = -2 for all the diluents studied.
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Fig. 1. Effect of Aliquat Cone, on the Extraction of lmg/cnP
Uranium from constant 20% Na2CO3 25% NaOH and 10%
H2O2 solution in different diluents.
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Fig.2. Effect of Na2CC>3 on the Extraction of Uranium from
constant 50% NaOH and 10% H2O2 by Aliquat-336 in
different diluents.
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Fig.3. Effect of NaOH on the Extraction of Uranium from constant
40% Na2CO3 and 10% H2O2 by Aliquate-336 in different
diluents.

The studies on the extraction of uranium from solutions with
different ratios of Na2CO3 and NaOH by Aliquat-336 (4%, 5%, 4% and
12% for toluene, xylene, CCI4 and MIBK,respectively) dissolved in
toluene ,xylene, CCI4 and MIBK were carried out. The plots of log D vs
log %Na2CO3 or %NaOH concentrations gave straight lines with slopes
of = -3, Figure 4.
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Fig.4. Effect of Na2CO3 and NaOH concentrations on the Extraction of
lmg/ml Uranium by Aliquate-336 in different diluents.
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Investigations of the effect of peroxide concentration on the
extraction of uranium from constant Na2CO3 and NaOH concentrations
indicate that H2O2 has negligible effect on the extraction of uranium by
Aliquat-336 in the different diluents used.

From the above results,it is clear that the effect of the investigated
parameters give similar trend to that previously obtained in benzene
system. The sequence obtained is toluene > xylene > CCl4> MIBK.
According to the reported results [9-11], uranium is expected to form
tricarbonato soluble complex , [UO2(CO3)3]4~ in alkaline medium.
Therefore the following equation can be proposed to explain the
extraction equilibrium

[UO2(CO3)3J4- + 2 ROH

UO2 (CO3)2. 2R + 2OH-+ CO3 (1)

where R stands for Aliquat-336 and bars to the organic.phase. The
extraction constant of equilibrium is given by

[UO2(CO3)2 .2R][OH-2][CO5- ]

Kex= (2)
[UO2 (CO3)3]4- [ROH2]

D [OH]

Kex= (3)
[ROH2]

where D, distribution ratio of uranium.

The following relation is obtained from equation 3

log D = log Kex + 2 log[ROH] - 2 log [OH]

-log [CO*] (4)

The extraction constants, Kex, of the extracted complexes as related
to the different diluents investigated were calculated by eq. 3 and found
2.02, 1.09, 0.54, 0.49 and 0.036 for benzene, toluene, xylene, CC14 and
MIBK respectively. This relation is supported by the experimental
results obtained and the slopes of the log- log relations in Figues (1-
4).Therefore,the extraction equlibrium given by equation 1 is well
verified. Also the results obtained indicated that the diluents used have
no effect on the structure of the extracted complexes.
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The effect of temperature on the extraction of uranium from a
solution composed of 20% Na2CO3, 50% NaOH an<t 10% H2O2 by
Aliquat-336 dissolved in benzene, toluene, xylene, CCI4 and MIBK was
studied in the range 5- 65°C.

It was found that the distribution ratio increased with increasing
the temperature.The plots of log K vs 1/T using the data obtained for
all the diluents used were found to be linear Figure 5. From the data;
the thermodynamic parameters DG, DH and DS of the extraction were
calculated and are given in Table 1
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Fig. 5. Variations of Long Kex for uranium complex in different
diluents with temperature

TABLE I: THERMODYNAMIC VALUES FOR FORMATION
OF URANIUM COMPLEX IN DIFFERENT DILUENTS

diluents

benzene
toluene
xylene
CCI4
MIBK

logK

0.31
0.04
-0.27
-0.72
-13.5

DG
KJmol1

-1.74
-0.23
1.54
1.79
8.2

DH
KJmol1

14.46
12.61
17.82
5.46
13.5

DS
Jmol"1 deg"1

54.39
43.07
54.61
12.33
17.75
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The data listed in Table 1 show that, for aromatic diluents, DG
„decreases by increase in the diluent dielectric constant where benzene >
toluene > xylene. This sequence is parallel to the dielectric constants of
these diluents (2.28, 2.38 and 2.4 for benzene, toluene and xylene
respectively). Concerning CC14 and MIBK, no systematic trend could be
elucidated for their trend. These results may explain the hydrophobic
character of the extracted species.
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