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ABSTRACT

The distribution of U(VI) between aqueous HNO solutions

and organic phases of Adogen 464 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. A flowsheet for production of pure U 0 from

monazite is suggested.

INTRODUCTION

Long-chain alkyl-substituted amines are frequently used for

the extraction of actinides and offer several advantages for

their use in the reprocessing of high burn-up nuclear fuels.

It has been pointed out that the efficiency of quaternary

ammonium halides surpasses that of the corresponding second-

ary or tertiary amines (1,2). The present communication was

therefore undertaken to obtain some information on the

extraction of U(VI) by the economic Adogen 464, as a model

quaternary compound, from nitric acid solutions and the

separation of the metal from associated elements.
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EXPREIMINTAL

Reagents :

Adogen 464, R3R NCI, Ashland Chemicals, was used as

received. 234Th was milked from uranium (3). Other tracers

were obtained through (n,y) reactions or by separation of

the initial nuclide from the daughter product (95Zr)(4). The

radiochemical purity of the isotope was checked by y-ray

spectrometry. Odourless kerosene , 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 containing

3% (v/v) octanol as a modifier . The aqueous stock U(VI)

feed (0.01M) was prepared by dissolving UO (NO ) . 6H 0 in
2 3 2 2

the appropriate concentration of HNO and the exact metal

content was determined complexometrically by EDTA and

xylenol orange as indicator(5). Equal volumes (5ml) of the

aqueous phase containing the tracer [ or the tracer-labelled

or even the unlabelled species which are Al(III), Ga(III),

Ti(IV) and U(VI) ] in HNO of appropriate concentration and

of the organic phase, pre-equilibrated with HNO ,were shaken

mechanically in glass-stoppered tubes at room temperature

(20+. 3°C) for 20 min. to insure complete equilibration.

After centrifugation, aliquots of both phases were taken and

the ^-activity of Th was counted with an end-window

Geiger-Muller counter. The y-activities were measured with a

scintillation counter and Nal(Tl) crystal. Ga(III) and

Al(III) were determined complexometrically by back-titration

with Zn(dithizone as indicator at pH 2.8 and 4.6 for Ga(III)

and Al(III) respectively (6,7) ). U(VI) and Ti(IV) were

determined spectrophotometrically by hydrogen peroxide

method. 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
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the organic and aqueous phases. The separation factor

( selectivity, S ) was computed from S = D /D , where M
U ( V I ) M

is the metal ion concerned.

Analysis of the Extracted Complexes:

The structure of the extracted species was confirmed

experimentally by saturation of an organic phase consisting

0..23-M in kerosene by shaking it for 20 min. each time with

0.1M U(VI) in 5.2 and 8.5M HNO3 (8 times). The concentration

of U(VI) in the saturated organic phase was determined

complexometrically after stripping with 0. 1M HNO and the

nitrate concentration was determined by reduction in

methanolic solution to ammonia, which was then distilled

into excess of HCl, the surplus of which was determined

titrimetrically (8).

RESULTS AND DISCUSSION

Effect of Initial HNO3 Concentration :

The extraction of U(VI) from its aqueous solutions with

0.23 and 0.7M Adogen 464 in xylene, was examined at different

acidities (0.1-12M); results are shown in Fig.l. Higher D

values are obtained at lower acidities (<. 6M ) , presumably

because of formation of uranium amine nitrate complex, and

the lower values given at higher acid concentrations may be

attributed to competition between U(VI) and HNO for

association with the extractant, and/or formation of less

readily extractable complexes. From Fig. 1., it may be

inferred that extraction of U(VI) is dominated by solvating

and ion-exchange reaction mechanisms at lower (<.6M) and

higher acidities respectively.

When HNO in the aqueous phase is partly replaced with

NaNO (Fig.l), D of the HNO /NaNO mixture is found to

increase steadily with increase in total nitrate concentra-

tion . This indicates that the controlling factor in the

extraction behaviour is the total nitrate concentration and
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Fig.l. Effect of initial aqueous total nitrate concentration

on the extraction of U(VI) by Adogen 464 in xylene

(Numerals on curves are Adogen 4 64 concentration. M)

Fig.2. Distribution ratio for the extraction of U(VIJ from

HNO3 solutions as a function of Adogen 464 in kerosene

(Numerals on curves are HNO molarities )



hence the fall of D curve for pure HNO3 at higher acidities

may be ascribed to the effect of the hydrogen ion. Quantita-

tive extraction was obtained with 6M HNO solution .

Effect of Diluent Type:

The degree of extraction of U(VI) from aqueous solutions

containing 6M HNO and 0.1M HNO + 6M NaNO with 0.23M
3 3 3

Adogen 464 in various diluents is given in Table 1. The

efficiency of diluents used in the absence of the extractant

was nearly negligible (D<0.01). It is obvious that no simple

relationship holds between degree of extraction and physical

parameters of the diluents used although extraction of lower

dielectric constant seems preferable. Extraction follows

more or less the sequence : Straight-chain hydrocarbons >

cyclic paraffins > aromatics > chlorinated paraffins. This

order of effectiveness may also be correlated with either

the solvation power and/or the electron donor properties of

the diluents, giving higher efficiency for inert diluents

and donors and lower for acceptors. Although n-hexane gave

the highest D value, the cheaper odourless kerosene, which

has a reasonable extractability and can be used industrially,

is economically preferred.

Dependence on Metal and Extractant Concentrations:

The variation of U(VI) concentration in the organic

phase was examined for extraction with 0.23M Adogen 464 in

kerosene. Maximum loading values of about 0.22 and 0.12 M

were obtained at 5.2 and 8.5 M HNO3 respectively, implying

that one and two quaternary extractant molecules are

associated with each metal ion extracted . This is in agree-

ment with the number calculated from a plot of log D vs log

free Adogen-464 (Fig.2). The concentration of free Adogen 4 64

was assumed to be given by tc
Tot"

nC
0(Vi>^

f w h e r e c
T o t

 i s t h e

total Adogen 464 concentration, c
u(Vn *s t h e U^VI^

concentration in the organic phase and n - 1 and 2 at lower

(<, 6M ) and higher acidities respectively. D increased

linearly with rise of extractant concentration. The slopes
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Table 1. Extraction of U(VI) from nitrate medium by 0.23M

Adogen 464 in various diluents

Diluent
Dielectric Donor D

constant properties
at 20°,n

6M HNO 0.1M HNO + 6M NaNO
3 3 , 3

n-Hexane
Odourless
kerosene

Cyclohexane

Xylene

Toluene

Benzene

Carbon tetra-
chloride

Chlorobenzene

Chloroform

1.874
[2]

2.052

2.42

2.387

2.283

2.24

5.65

4.8

I
I

I

n-D
n-D
n-D
I

n-D
A

1.10
0.95

0.78

0.65

0.66

0.62

0,50

0.30

0.22

3.5

2.8

3.0

2.7

2.1

2.0

1.8

1.5

0.9

* A = acceptor D = Donor I = inert

Table 2. Separation factors for various metal ions (0.01M)

with respect to U(VI) extracted into 0.23M

Adogen 464 in kerosene from 6M HNO3

Ion

Th(IV)

Zr(IV)

Hf(IV)

Ti(IV)

In(III)

Fe(III)

Cr(III)

Al(III)

S

5.6

60

6.8xlO2

7.6xlO2

8.2X102

1.8xlO3

2.5xlO3

4.3X103

Ion

Y(III)

Eu(III)

Ce(III)

La(III)

Co(II)

Ni(II)

Zn(II)

Be (II)

S

5xlO3

5.2X103

5.4X103

2.8X104

5.7X104

6xlO4

8xlO4

8.7xlO4

* Carrier-free
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obtained were consistent and approximated to unity at lower

acid concentration and two at higher molarities, indicating

a first and second power dependence of D on extractant

concentration.

If UO (NO ) is considered to be the neutral species and

UO (NO,)" U0o (NO )
2~and UO (NO )*" the anionic species (9),

2 33 2 34 2 3 o

then if the reagent species R R'N.NO at lower acidities and

the adduct R R'N.NO .HNO at higher acid concentrations,

analogous to Aliquat 336 (10), the extraction mechanism may

be expressed as follows :

i) at lower acidities (<, 6M)

UO (NO ) + R R'N.NO — • (R3R'N) U02 (NO.) ..(1)
(a) (o) (o)

ii) at higher acidities

UO (NO ) 2 ~ + 2 R R'N.NO .HNO —
2 3 4 ( a ) 3 3 3̂  —

(R R'N) UO . (NO ) + 4 NO' + 2 H+ ... (2)
3 2 2 3 4 3

(o) la) (a)

in which (a) and <o) represent the aqueous and organic

phases respectively

The stoichiometries proposed for the extracted species are

also supported by analyses of organic extracts. The organic

solutions , saturated with U(VI) gave a molar ratio of

UO2+: NO" of about 1:3 and 1:4 at lower and higher acidities

respectively , thus confirming the maxium loading and slope

analysis data and also justifying postulation of tri and

tetra nitrato complexes as the species extracted .

Stripping of U(VI):

U(VI) extracted into the organic phase from 6M HNO by

0.23M Adogen 464 in kerosene may be readily stripped with

0.1M HNO3 or Na2CO3 . Quantitati

achieved in 10 min. with 1M Na CO

0.1M HNO3 or Na2CO3 . Quantitative stripping of U(VI) is

Effect of Diverse Ions:

Table 2 shows the separation factors for various metal
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AlkaliLeaching
Monazite(98% ,-325#)+50% NaOH(solid:liquid ratio,1:1),

3% NaF, 120°, 2h

Washing
6-fold hot watqr

Filtration

I
Ppt.

Hydrous oxides(Th,U,RE(rare earths)..etc)
Dissolution in dil.HNO, (50%)+ H O

• 3 2 2

Soln.
Na PO +excess NaOH
3 j Ca(0H)2

Ppt.

Unreacted monazite

J
Th,

L NaOH

Soln.

U,RE,

(pH

Fe. .

5.8)

ppt. Soln.

NaOH

I
Ppt.

Th, U,Fe etc
Dissolution in 1M HNO_

Soln.
RE

Extraction
0.25M TTA in kerosene,pH 1

o r 3 a n i c > To thorium recovery

U 0 , 1.3
3 8
+ trace

I Aqueous

Feed (g/L)
;ThO . 0.6;RE 0 8

2 2 3,
impurities (TiO ,
6M HNO

. 2 ; F€

Si(^

i 0,0.2
2 3
...etc),

Adogen 464 in kerosene (recycle!
1

Extraction
0.23M Adogen 464 in
kerosene

(5-stages)

Scrubbing

4M HNO3
(4-stages)

Stripping

1M Na CO

(4-stages)

NaOH Istrip

Calcination

Precipitation
Na2U2O7

(yellow cake)

HNO to destroy3 c°r

Fig.3. Diagrammatic flowsheet for production of pure U3O(

from Egyptian monazite
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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. Th(IV) and Zr(IV) should be separated or masked

before uranium determination or production. The feasibility

of recovery of U(VI) from some fission products which can

exist in high liquid waste, namely 6 0Co /
1 2' Eu, 141Ce

....etc, can hence be separated with Adogen 464 in kerosene

from 6M HNO .

Production of Pure U 0 :
3 8

Crude U(VI) nitrate feed was processed by soda leaching

of monazite and removal of Th(IV) through extraction with

thenoyltrifluoroacetone (TTA) in kerosene (11) . Extraction

of U(VI) from the feed was carried out using 0.23 M ( 10% )

Adogen 464 in kerosene. The loaded extractant was scrubbed

with 4M HNO while U(VI) from the back-washed extract was

stripped with 1M Na CO . A pure uranium product (88.5%) with

more than 90 % recovery was obtained after precipitation of

U(VI) with sodium hydroxide and calcination to U 0 . A

diagrammatic flowsheet for the suggested process of uranium

refining is presented in Fig.3.

REFERENCES

(1) H.Freiser, Anal.Chem., 28,131 R (1966) and 40, 522 R (1968

(2) T.Sato, S.Ikoma and T.Nakamura, J.Inorg. Nucl.Chem., 39,

395 (1977).

(3) T.Ishimori, K.Watanabe and E.Nakamura, Bull. Chem.Soc.

Japan, 33,636 (1960).

(4) I.S.El-Yamani and F.A.Abd El-Aleim, J.Radioanal. Nucl.

Chem., Articles, 88(2), 201 (1985).

(5) J.Kinnunen and B.Wennerstrand, Chemist-Analyst, 46,92

(1957) .

(6) F.J.Welcher, The Analytical Uses of Ethylene Diamine

Tetra Acetic Acid, p.168, Van Nostrand, New York, 1961.

225



(7) G. Chariot, Les Methodes de la Chimie Analytique, pp.584,

757, Mason, Paris, 1966.

(8) G.H.Jeffery, J.Bassett, J.Mendham and R.C.Denney, Vogel's

Text-book of Quantitative Chemical Analysis, 5.th Edn ,

p.3 03 Longman , 1994.

(9) Y.Marcus and A.S.Kertes; Ion Exchange and Solvent Extraction

of Metal Complexes, p. 905, Wiley-Interscience , London,

1969.

(10) T.Sato, H.Watanabe and S.Kikuchi, J.Appl.Chem.Biotech.,

25, 63 (1975) .

(11) G.Morrison and H.Freiser, Solvent Extraction in

Analytical Chemistry, p.238, Wiley, London , 1962.

226


