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Extraction of uranyl nitrate, sulphate and chloride with
tri-n-octyl amine (TOA) from aqueous solutions
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Extraction of uranyl nitrate, chloride and sulphate with tri-n-octyl amine (TOA)
in benzene as a function of the TOA concentration has been studied. The concentration
based extraction equilibrium constants were calculated from the distribution data of the
uranyl salts, fitting the parameters of a chemical model to the experimentally obtained
extraction isotherms. The calculated equilibrium constants are 46.5, 89.4 and 4.2�104

for uranyl nitrate, chloride and sulphate, respectively. These values are in good agree-
ment with the previously reported extraction equilibrium constants calculated by the in-
flection point method.

Keywords: uranyl nitrate, uranyl chloride, uranyl sulphate, tri-n-octyl amine, extraction
equilibria.

INTRODUCTION

High molecular weight alkyl amines as extractants are commonly used for the ex-
traction of uranium salts in the reprocessing process. Tri-n-octyl amine (TOA) has a
certain advantage compared with tri-n-butyl phosphate (TBP), because of the greater
radiation susceptibility of TBP. The decomposition products of TOA are soluble in the
aqueous phase and they do not disturb the extraction reactions.

TOA is used to determine uranium(VI) in alcoholic solutions of the organic ex-
traction phase by direct current polarography.1 On the other hand, TOAas extractant is
used to recover plutonium and americium from laboratory acidic waste solutions.2

The aim of this work was to calculate the equilibrium constants of the extraction
of uranyl nitrate, chloride and sulphate with TOA in benzene solutions, in order to ver-
ify the values previously calculated by the inflection point method.

RESULTS AND DISCUSSION

Experimental distribution data, listed in Tables I–III, were used in the previous
paper3 to calculate uranyl nitrate, chloride and sulphate extraction constants by the in-
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flection point method.3 In this paper, the equilibrium constants of the extraction equi-
libria of the same uranyl salts were calculated by fitting the experimental data (Tables
I–III) to the distribution isotherms described by the following equations:

UO2
2+ + 2NO3

– + 2TOA(org) ��� UO2(NO3)2•2TOA(org) (1)

K = aUNT/aUa2
Na2

T(org) (2)

Here, a refers to the chemical activities of the species involved in the extraction pro-
cess, while U = UO2

2+, N = NO3
–, and T = TOA. The standard state of these activities is

their infinite dilution in benzene or water. Since the activities of uranyl nitrate and amine in
the organic phase are not known, they were approximated with the corresponding
stoichiometric concentrations, c. Hence, K is changed to Q, as defined by Eq. (3):

Q = cUNT(org)/aUa2
Nc2

T(org) (3)

The chemical activities of uranyl nitrate in the aqueous phase are taken from liter-
ature.4

Combining the mass balance equation:

cT(org)
tot = cT(org) + 2cUNT(org) (4)

with Eq. (3), the extraction isotherm can be calculated from the following equation:

cUNT(org) = B B c� ��
��

�
�	

2
T(org)
tot 216( ) 8 (5)

where:

B = 4(cT(org)
tot)2 + (1/4Qc3

UNy�
3) (6)

Here, cUN stands for the equilibrium concentration of uranyl nitrate, and y� for
the mean activity coefficient in the aqueous phase.

Identical expressions were used for modeling the uranyl chloride extraction, except
thatNO3

– shouldbereplacedbyCl– inEq. (1)andNshouldstandforCl– inEqs. (2–4).

In case of uranyl sulphate, it was assumed that the extraction mechanism follows
the following stoichiometric reaction:

UO2
2+ + SO4

2– + 2TOA(org) ��� UO2SO4•2TOA (7)

Thus, the corresponding concentration based equilibrium constant can be written as:

Q = cUST(org)/aUaSc2
T(org) (8)

where cUST(org) stands for the concentration of the uranyl complex in the amine
phase, and aS for the chemical activity of the sulphate anion in the aqueous phase.
Combining Eq. (8) with the mass balance Eq. (4) (substituting N with S), one can
calculate the concentration of the extracted uranyl sulphate:

cUST(org) = D D c� ��
��

�
�	

2
T(org)
tot 216( ) 8 (9)
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where:

D = 4(cT(org)
tot)2 + (1/4Qc2

USy�
2) (10)

The values of the apparent equilibrium constants, defined by Eqs. (3) and (8),
have been determined as the best fit values for the experimental data taken from Tables
I–III, calculated by Eqs. (5) and (9).

TABLE I. Experimental data on the extraction of uranyl nitrate from 0.1 M nitric acid by TOAin benzene

0.02 M TOA 0.05 M TOA

cU(aq)/M cU(org)/M cU(aq)/M cU(org)/M

0.1013 0.0001 0.1013 0.0002

0.2025 0.0002 0.2025 0.0006

0.3038 0.0003 0.3038 0.0012

0.4051 0.0008 0.4051 0.0034

0.5063 0.0012 0.5063 0.0058

0.6076 0.0019 0.6076 0.0082

0.7089 0.0029 0.7089 0.0114

0.8101 0.0036 0.8101 0.0143

0.9114 0.0049 0.9114 0.0166

1.0127 0.0056 1.0126 0.0179

1.1250 0.0070

1.2000 0.0087

1.2750 0.0092

1.3500 0.0092

1.5000 0.0092

The calculated values of the extraction equilibrium constants are presented in Ta-
ble IV, as well as the previously published values calculated by the inflection point
method.3 As it can be seen, the equilibrium constants calculated by the two methods are
in good agreement, suggesting that the usage of the simple inflection point method is
appropriate for this extraction system.

Figure 1 presents the measured and calculated extraction isotherms of uranyl ni-
trate by TOAin benzene, as a typical example. It is obvious that the proposed chemical
model describes the extraction process quite well and that the calculated equilibrium
constants are valid over a broad range of concentrations.
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TABLE II. Experimental data on the extraction of uranyl chloride from 0.1 M nitric acid by TOA in
benzene

0.02 M TOA 0.05 M TOA

cU(aq)/M cU(org)/M cU(aq)/M cU(org)/M

0.0993 0.0002 0.0986 0.0009

0.1986 0.0004 0.1969 0.0021

0.2976 0.0009 0.2941 0.0045

0.3963 0.0017 0.3901 0.0071

0.4954 0.0021 0.4885 0.0091

0.5936 0.0035 0.5861 0.0109

0.6920 0.0046 0.6830 0.0136

0.7902 0.0054 0.7806 0.0155

0.8894 0.0062 0.9000 0.0164

0.9886 0.0065

0.075 M TOA 0.10 M TOA

cU(aq)/M cU(org)/M cU(aq)/M cU(org)/M

0.0985 0.0010 0.0986 0.0009

0.1957 0.0034 0.1947 0.0043

0.2908 0.0077 0.2890 0.0096

0.3867 0.0113 0.3831 0.0149

0.4836 0.0139 0.4773 0.0203

0.5785 0.0185 0.5726 0.0245

0.6753 0.0212 0.6680 0.0286

0.7731 0.0230 0.7638 0.0323

0.8715 0.0241 0.8615 0.0340

0.9700 0.0251 0.9599 0.0352
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TABLE III. Experimental data on the extraction of uranyl sulphate from 0.1 M nitric acid by TOA in
benzene

0.025 M TOA 0.05 M TOA

cU(aq)/M cU(org)/M cU(aq)/M cU(org)/M

0.0042 0.0005 0.0084 0.0019

0.0068 0.0008 0.0168 0.0038

0.0092 0.0014 0.0273 0.0065

0.0118 0.0020 0.0370 0.0084

0.0139 0.0024 0.0462 0.0092

0.0171 0.0030 0.0504 0.0101

0.0197 0.0034 0.0647 0.0107

0.0227 0.0040 0.0828 0.0119

0.0262 0.0044 0.0895 0.0128

0.0394 0.0050 0.0975 0.0129

0.075 M TOA 0.10 M TOA

cU(aq)/M cU(org)/M cU(aq)/M cU(org)/M

0.0155 0.0049 0.0055 0.0027

0.0378 0.0092 0.0155 0.0065

0.0449 0.0108 0.0218 0.0082

0.0538 0.0125 0.0294 0.0111

0.0655 0.0143 0.0395 0.0126

0.0748 0.0150 0.0483 0.0141

0.0848 0.0164 0.0563 0.0168

0.0949 0.0185 0.0643 0.0189

0.1093 0.0185 0.0727 0.0212

0.1134 0.0185 0.0811 0.0223

TABLE IV. Equilibrium constants of the extraction of uranyl salts with TOA in benzene.

System Q, inflection point method3 Q, this work

UO2(NO3)2•2TOA 25 46.5

UO2Cl2•2TOA 251 89.4

UO2SO4•2TOA 5�104 4.2�104

CONCLUSIONS

In this work, a concentration based chemical model was used to calculate the
equilibrium constants for the extraction of uranyl nitrate, chloride and sulphate from
aqueous solutions by tri-n-octyl amine in benzene. The model satisfactorily describes
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the extraction process over a broad range of concentrations. The calculated equilibrium
constants are in good agreement with the values previously calculated using the inflec-
tion point method.

I Z V O D

EKSTRAKCIJA URANIL NITRATA, SULFATA I HLORIDA SA

TRI-n-OKTILAMINOM (TOA) IZ VODENIH RASTVORA

JO@EF J. ^OMOR i \OR\E M. PETKOVI]

Institut za nuklearne nauke “Vin~a”, p. pr. 522, 11001 Beograd

Ispitivana je ekstrakcija uranil nitrata, hlorida i sulfata pomo}u
tri-n-oktilamina (TOA) u benzenu, u zavisnosti od koncentracije TOA.
Izra~unate su konstante ravnote`e ekstrakcije, pode{avawem parametara
koncentraciono zavisne jedna~ine, prema eksperimentalno odre|enim ek-
strakcionim izotermama. Vrednosti konstanti ravnote`e su 46,5, 89,4 i
4,2�104 za uranil nitrat, hlorid i sulfat, respektivno. Ove vrednosti su u
dobroj saglasnosti sa konstantama izra~unatim metodom ta~ke infleksije.

(Primqeno 4. aprila 2001)
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Fig. 1. Experimentally measured (points) and calculated (solid lines) extraction isotherms of the
system uranyl chloride in 0.1 M nitric acid – TOA in benzene. The corresponding total concentra-

tion of TOA in benzene is indicated in the figure.
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