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Abstract

The distribution of U(VI) between aqueous H2SO4 solutions and
organic phases of Adogen-368 has been described .The dependence of
extraction on acidity ,diluent type,metal and extractant concentrations
was investigated .The possible extraction mechanism is discussed in the
light of results obtained. The separation of U(VI) from rare earths is
suggested .

1.Introduction
The use of heavy amines as extractants for U(VI) has been reported

by several investigators [1-3] and it was inferred, as a general rule, that
the extraction power of alkyl amines increases in the order : primary
< secondary < tertiary amines. The extraction of Zr(IV) from sulphate
medium by the economic Adogen series has been investigated prev-
iously [4], and it is deemed desirable to extend the studies to
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U(VI). Preliminary experiments showed that extraction of U(VI) is best
achieved by use of Adogen-368. The present communication was
therefore undertaken to obtain some information on the extraction of
U(VI) by Adogen-368, as a model long chain tertiary amine, from
sulphuric acid solutions and the separation of the metal from associated
elements.

2.Experimental

Isotope Solutions

234Th was milked from uranium through successive extraction from
a solution of uranyl nitrate in 6 M HC1 with 30% tributyl phosphate in
xylene [5]. 234Th remained in the aqueous phase. The isotope solution
was evaporated nearly to dryness .converted into sulphate form then
diluted to a suitable volume. Other tracers were obtained through (n,y)
reactions or by separation of the initial nuclide from the daughter
product (95Zr) [6].

Reagents

Adogen-368,R3N, where R designates mixed n-octyl ,n-decyl and n-
dodecyl groups. It is manufactured by the Ashland Chemicals and was
used as received without further purification ; all batches used have the
same composition. Odour- less kerosene (Sun rise) obtained from the
Misr Petroleum Co.,was used as a diluent. Other chemicals were of
reagent grade .

Procedure

The organic phase was prepared by adding the calculated amount
of the extractant to the required diluent. The aqueous stock uranium
(VI) solution (0.01 M) was prepared by dissolving uranyl sulphate
trihydrate in the appropriate concentration of H2SO4. The exact U (VI)
content was determined complexometrically by EDTA and xylenol
orange as indicator.[7]

Equal volumes (5 ml) of aqueous phase containing the tracer-
labelled species (or the unlabelled material which is aluminium, gallium,
titanium and uranium(VI) ) in H2SO4 of appropriate concentration and
of the organic phase, pre-equilibrated with H2SO4, were shaken
mechanically in glass stoppered tubes for 20 min. at room temperature
(20 ± 3°). After centrifugation, aliquots of both phases were placed in
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glass cups, evaporated to dryness, then counted with an end-window
Geiger Muller counter (for 234Th). The y-activities were measured with
a scintillation counter and Nal(Tl) crystal . Ga and Al were determined
complexometrically by back -titration with Zn (dithizone as indicator, at
pH 2.8 and 4.6 for Ga and Al, respectively [8,9]. U(VI) (at micro
concentrations) and Ti(IV), were determined spectrophotometrically by
the hydrogen peroxide method.[10] Experiments were conducted in
duplicate and the distribution ratio (D) was calculated as the ratio of the
activities of the tracer (or the metal concentration ) in the organic and
aqueous phases. The separation factor ( selectivity,S ) was computed
from S = DU(Vi) / DM ,where M is the metal ion concerned.

Analyses of the Extracted Complexes

The analytical composition of the species extracted was determined
experimentally by saturation of an organic phase consisting of 0.12 M
in xylene,by shaking it for 20 min. each time with eight successive
aqueous feeds of 0.1M U(VI) in 0.1M H2SO4. The concentration of
U(VI) in the saturated organic phase was determined complexo-
metrically (as mentioned) after stripping with 1M HNO3 and the
sulphate concentration was determined complexometrically, in
methanolic solution ,using Eriochrome Black T as indicator. [11]

3. Results and Discussion

Effect of H2SO4 Concentration

The extraction of U(VI) from its aqueous solution, with 0.12 M
Adogen-368 in xylene, was examined at different acidities (0.01-1M);
results are shown in Fig. 1. Higher D values are obtained at lower
acidities (< 0.1M), presumably because of formation of uranium amine
sulphate complex whereas the decrease in D at higher acidities may be
due to competition between U(VI) and H2SO4 for association with the
amine and/or to the formation of less readily extractable complexes.
From Fig. 1, it may be inferred that extraction is dominated by solvating
and ion-exchange reaction mechanisms at lower (< 0.1M) and higher
acidities respectively . This explanation is confirmed when H2SO4 in the
aqueous phase is replaced with various concentrations of Na2SO4 and D
of H2SO4 - Na2SO4 mixtures were compared with those of similar
extractions from H2SO4 solutions of different acidities (Table 1). D of
the mixture decreases continuously with the total concentration of
sulphate ion analogous to that in the presence of H2SO4 alone. The
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gradual decrease in D with rise of sulphate molarity suggests the
formation of inextractable anionic species at higher acidities

^ d / U O r f S O ^ since the specie. UO2presumably UOrfSO^" and / or
r d UO

since the specie. UO
presumably U O r f S O ^ a rf
UO 2SO 4 ,UO 2 (SO 4 ) r and U O 2 ( S O 4 ) r exist in aqueous uranyl

sulphate solution containing sulphate ion [12]. Optimum acidity is thus

recommended at about 0.1M.

0.1 -

Initial Sulphuric Acid Concn, in Aqueous Phase, M

Fig 1 Effect of Initial Aqueous Sulphuric Acid Concentration on the

Extraction of Uranium (VI) by adogen-368 in Xylene (Numerals

on Curves are Adogen-368 Concentrations, M).
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TABLE I : EXTRACTION OF U(VI) FROM SOLUTIONS
CONTAINING 0.1M H 2 S O 4 AND Na 2 SO 4 AT VARIOUS
CONCENTRATIONS WITH 0.06M ADOGEN-368 IN XYLENE

Total sulphate
concentration, (M)

0.2
0.3
0.5
0.8
1.0

D

H2SO4

4.80
3.90
2.50
0.45
0.22

H2SO4 + Na2SO4

5.40
4.20
2.80
0.62
0.32

Effect of Diluent Type

The extraction of U(VI) from aqueous solutions containing 0.1M
H2SO4 with 0.12M Adogen-368 in various diluents is shown in Table 2.
The extraction efficiency of diluents used in the absence of the
extractant is nearly negligible (D< 0.01). Although no simple
relationship holds between extractability and physical properties of
diluents used, extraction of diluents of lower dielectric constant seems
preferable . Table 2 implies that extractability follows more or less the
sequence : aromatics > cyclic paraffins > straight-chain hydrocarbons.
This order of effectiveness is correlated with either the solvation power
[13] and/or the electron-donor properties of the diluents, giving higher
efficiency for donors (aromatic compounds except chlorobenzene ) and
lower for* inert diluents and acceptors (cyclic and straight-chain
hydrocarbons).[14] As far as straight - chain diluents are concerned,
relatively lower values obtained for carbon tetrachloride and chloroform
are presumably due to the polar character arising from the bond Cl =
C + in the former and to the hydrogen bond interaction , certainly
affecting the extracting capacity of the amine compound , in the latter.
There seems to be a relation between extractability and basicity of
aromatic diluents, decreasing in the order: xylene > tolueno benzene.
Lower values of chlorobenzene which does not agree precisely with the
extractability-basicity correlation, may be again explained due to
relatively higher dielectric constant of the diluent. Although benzene
gave the highest D value , the cheaper odourless kerosene, which has a
reasonable extractability and can be used industrially , is economically
preferred.
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TABLE II : EXTRACTION OF U(VI) FROM O.IM H2SO4 BY
0.12M ADOGEN-368 IN DIFFERENT DILUENTS

Diluent

Benzene
Toluene
Xylene
n-Hexane
Cyclohexane
Kerosene
Carbon tetra-
chloride
Chlorobenzene
Chloroform

Dielectric const-
ant at 20°, \i
2.283
2.387
2.420
1.874
2.052
(2)
2.240

5.65
5.05

Donor
properties
II-D
II-D
II-D

I
I
I
I

II-D
A

D

70.1
53.2
42.8
28.4
21.5
15.6
13.1

9.4
6.5

A = acceptor, D = donor, I = inert.

1 23 t 5 678 9

ot«n*

•bon tetroc Monde

Chlorob«nz«nc

Uranium (VI) Cone, in Aqueous Phase, M

Fig.2. Equilibrium Loading Isotherm for the Extraction of Uranium
(VI) from O.IM Sulphuric Acid Solutions by 0.12M Adogen-368
in Various Diluents.
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Benzene
Toluene
Xylene

n-Hexane
Cyclohexane
Kerosene

Carbon tetrachloride

Chlorobenzene
Chloroform

0-1 _

0.01

Free Adogen 368 Concn, M

Fig.3. Distribution Ratio for the Extraction of Uranium (VI) from
0.04M Sulphuric Acid Solutions as a Function as Adogen-368
Concentrations in Various Diluents.

Effect of Metal and Extractant Concentrations

The variation of U(VI) concentration in the organic phase as a
function of initial aqueous U(VI) concentration for the extraction of
U(VI) sulphate complex at 0.1M H2SO4 was examind with 0.12M
Adogen-368 in various diluents (Fig. 2). Maximum loading values
varying between 0.028 and 0.032M were obtained for the diluents used,
indicating four amine molecules to be associated with each uranyl ion.
This association is identified by the dependence of D on extractant
concentration when log-log plots of D were drawn vs. free Adogen-368
concentration at 0.04 and 0.8M H2SO4 (Figs.3 and 4). Free Adogen-
368 is given by: CTot- 4 Cu(Vi),where CTot is the total extractant
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concentration and CU(Vi), the uranium (VI) concentration in the organic
phase. From Figs.3 and 4, straight lines with approximate slopes of two
were obtained,indicating a second power dependence of D on extractant
concentration .

100

10

C-1

• Benzene
T Toluene

• Xylene

o n-Hexane

A Cyclohexane

o Kerosen*
_ Carbon tetra-

chloride
» CWorobenzene

• Chloroform

I I
0-01 0.1 1

Free Adogen 368 Concn, M

Fig.4. Distribution Ratio for the Extraction of Uranium (VI) from 0.8M
Sulphuric Acid Solutions as a Function of Adogen-368
Concentrations in Various Diluents.

If UO2SO4 is considered to be the neutral species and UC>2(SO4 )2
2-

\ 2 -and UO2(SO4)3~ the anionic species U O 2 ( S O 4 ) 2 existing
predominantly ,[12] and according to the possible formation of
Adogen-368 sulphate at lower acidities (< 0.05M) while the bisulphate

440



at higher acid concentration, by analogy to that concluded for trioctyl
amine, as a tertiary amine axtractant, [15] the mechanism of extraction,
under the conditions mentioned, may be expressed as follows :

i) at lower acidities (< 0.02M)

UO2SO4(a) + 2(R3NH)2SO4(o) ^F=^ (R3NH)4UO2(SO4)3(o) (1)

where (o) and (a) denote organic and aqueous phases respectively.

ii) at higher acidities

The following three equilibrium reactions appear most probable :

UO2(SO4 )\~ + 2(R3NH)2SO4 —-» -~>

(a) (o)

(R3NH)4UO2(SO4)3 + SO4 (2)
(o) (a)

UO2(SO4 )\~ + 4(R3NH)HSO4 ^ — . ^ I r
(a) (o)

(R3NH)4UO2(SO4)3 + 2H2SO4 + SO4 (3)
(o) (a) (a)

UO2(SO4)2~ + 4 ( R 3 N H ) H S O 4 • ^ ^ . . • - >

(a) (o)

(R 3NH) 4UO 2 (SO 4 ) 3 + 3 SO 4 + 4 H+ (4)

(o) (a) (a)

The stoichiometry proposed for the extracted species is also
supported by analyses of the organic extracts. The organic solutions,
saturated with U(VI), gave a molar ratio of amine : U O ^ : SO \~ of
about 4:1:3 , thus confirming the maximum loading and slope analysis
data and also justifying the postulation of trisulphato complex as the
species extracted. The extraction mechanism is presumably independent
on the type of diluent used .

Stripping of Uranium (VI)

U(VI) extracted into the organic phase from O.IM H2SO4 solutions
by 0.12M Adogen-368 in kerosene may be readily stripped with dil.
nitric acid or sodium carbonate. Shaking the extract for 10 min. with 1M
sodium carbonate, quantitatively strips U(VI).
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Effect of Diverse Ions

Table 3 shows the separation factors for various metal ions from
U(VI). The higher extractability of U(VI), compared to those of rare
earths, Be (II), Zn(II), Ni(II), Co(II)... etc., affords a useful approach to
separating U (VI) from rare earths, processed from monazite or fission
products. Zr (IV), Hf (IV) and Th (IV) should be separated or masked
before uranium determination. From this study, we suggest the
following method for uranium/rare earth separation and for uranium
determination :

TABLE III : SEPARATION FACTORS FOR VARIOUS METAL
IONS (O.OIM)WITH RESPECT TO U(VI) EXTRACTED,
INTO 0.12 M ADOGEN-368 IN KEROSENE FROM 0.1 M
H2SO4

Ion
Zr (IV)
Hf (IV)
Th (IV)
Ti (IV)
In (III)
Fe (III)
Cr (III)
Ga (III)
Al (III)

S
1.8
2.5
78.0
1.6 x 102

7.8 x 102

1.5 x 103

1.6 x 103

3.1 x 103

4.0 x 103

Ion
Y (III)
Eu (III)
Ce (III)
La (III)
Co (II)
Ni (II)
Zn (II)
Be (II)

S
4.3 x 103

4.9 x 103

5.2 x 103

7.8 x 103

2.2 x 104

3.1 x 104

3.9 x 104

5.2 x 104

An aliquot (0.02M uranium containing not more than 0.5 mg/ml
Ce3+ , La, Eu and Y in 0.1M H2SO4) is shaken mechanically for 20 min.
with an equal volume of 0.I2M Adogen-368 in kerosene at room
temperature ( = 20°) . After centrifugation , the two layers are separated .
The aqueous phase is extracted twice more with fresh organic phase
U(VI) is then stripped from the combined organic phases by shaking
twice with two portions of 1M sodium carbonate solution ( each equal to
the organic phase in volume). U(VI) in the back-extract is then
determined complexometrically with xylenol orange as indicator
(recovery is 99.0 ± 1.0 % ). The separation from trivalent Ce, La, Eu
and Y is shown by y-spectrometry to be practically complete .
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Alkali Leaching
Monazite (98%, - 325#) + 50% NaOH (solid: liquid ratio, 1:1),

3% NaF, 120#C, 2hrs.

Washing
6 - fold hot water

Filtration

Ppt
Hydrous Oxides (Th, U, RE( rare earths).. etc)
Dissolution in dil. HNO3(50%) + H2 O2

Ppt-
Unreacted monazite

Sob.
Th,U,RE.Fe..

NaOH (pH 5.8)

Ppt
Th, U, Fe.. ..etc

Dissolution in 1M H 2 SO 4

Soln.
RE

Feed(g/L)
U3O8, 0.4; ThO2,5.2; RE2O3,6.2;

Fe2O3, 0.3 + trace impurities

(TiO2, SiO2.. etc) 0.1 M H2 SO4

cr

Soln.
+ excess NaOH

J Ca(OH)2

Soln.
NaQH

Adogcn -368/ kerosene (recycle)

Extraction
0.12M Adogen-368
in kerosene
(4 - stages)

Scrubbing
0.1M H2SO4

(4 - stages)

Stripping
1M Na2CC>3

(3 - stages)

Raffinate NaOH Strip

Uranium
Product

Precipitation
Na2 U2 O7 (yellow cake)

H2 SO4 to destroy

CO3"

Fig.5. Diagrammatic Flowsheet for Production of Pure Uranium (VI)
from Egyptian Monazite.
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Production of Pure U3 O$

Extraction of uranium (VI) from crude uranium(VI) sulphate feed
solution, processed by soda leaching of monazite, was carried out using
0.12M (5%) Adogen-368 in kerosene . The loaded extractant was
scrubbed with 0.1M H2SO4 while U(VI) from the back washed extract
was stripped with 1M sodium carbonate (as mentioned above). A pure
uranium product (84.8%) with more than 90% recovery was obtained
after precipitation of uranium with sodium hydroxide and calcination
to U3O8 .A diagrammatic flowsheet for the suggested process of
uranium refining is presented in Fig.5.
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