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Abstract

The mechanism of extraction uranium(VI) with di(2-ethylhexyl) sulfoxide (DEHSO)

from aqueous nitric acid media has been studied. The influence of the concentrations of nitric
acid, extractant, salting-out ageut, temperature and complex anions (C2027) on the distribu-

tion ratio was studied.
Keywords

1 Introduction

The solvent extraction method was one of
the important techniques in condensing and pu-
rification of uranium. Since 1950s, the Purex
process in which TBP was used as extractant
has been applied widely in nuclear fuel treat-
ment for its better stability, no toxicity, good
extraction and selectivity, but there are some
drawbacks, such as the chemical decomposing
of TBP in using and the explosion of uranyl
nitrate solution containing TBP in denitrate
process.l!) In order to overcome these draw-
backs, developing some new extractants instead
of TBP is necessary. Now scientists are very in-
terested in extractant of sulfoxide type, because
it contains the S—O group which has stronger
coordination ability to metal ions. Besides bet-
ter heat stability, it has low toxicity and harm-
less radiolytic degradation products. And it has
been demonstrated that sulfoxides had great
superiority in nuclear industry utilization.[2~7)
But, so far it has not been reported about ura-
nium extraction with DEHSO in toluene. In
this paper, the influence of some factors, such as
concentration of nitric acid, extractant, salting-
out agent, complex anion and temperaturc on
uranium extraction with DEHSO is studied.

2 Experimental

2.1 Synthesis of sulfoxides

Sulfoxides were synthesized in laboratory
as it is not available In the market. The synthe-
sis path is as follows:

Di(2-ethylhexyl) sulfoxide, Solvent extraction, Uranium(VT)

First, synthesizing mercaptan
2RBr + NasS — R-S-R

Then, synthesizing sulfoxides

0]

RS-RFE pog p

CH,COOH
where R is alkyl radical. The most important
step is controlling oxidation in synthesis pro-
cess. The purity of product is checked by el-
emental analysis, IR spectrometry and NMR
spectrometry. The purity of di(2-ethylhexyl)
sulfoxide is more than 96%.
2.2 Instruments and reagents

Vibrator (made by Yancheng Science In-
strument Factory, Jiangsu Province), vibration
frequency is about 4.5 Hz, controlling tempera-
ture precision: +1K; 752 type UV grating spec-
trometer (Shanghai Third Analysis Instrument
Factory).

Toluene (AR, made by Qilu Petrochem-
istry Industry Company, Research Institute,
Reagent Factory), uranyl nitrate (AR, made
in China), nitric acid (industry super purity,
Shanghai First Reagent Factory).

2.3 Experimental methods

Except temperature experiment, the tem-
perature is controlled within 298+ 1K. Except
acidity experiment, the experimental acidity is
controlled within 2.0 mol/L.

Distribution experiment: extraction coef-
ficients were determined by shaking up equal
volumes of two phases to equilibrium. In all
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cases, to ensure the cquilibrium two phases were
shaken mechanically for 15 min. Uranium{VI)
concentration in aqueous solution was measured
by spectrophtometermeter!®!, and uranium(VI)
concentration in organic solution was calculated
from the difference between total quantity and
its quantity in aqueous solution.

3 Results and discussion

3.1 Effect of HNOj3; concentration on
U(VI) extraction

Data on the extraction of uranium at
different concentrations of nitric acid with
0.25mol/L DEHSO in toluene are presented
in Fig.1l. The data in Fig.l shows that the
distribution ratios of uranium are increased

UOZ* + 2NO;~ + nDEHSO|,, "=* U02(NO3); - nDEHSO
Equilibrium coustant Kex =

Distribution ratio Dy = Kex[NO3 ]*[DEHSO]?,,

The effect of DEHSO concentration on Dy
is shown in Fig.2. The plots of lgDy vs
Ig[DEHSO] (o) give a slope of 1.85, close to 2

2 4 6
Chno,/mol-L-1'
Fig.1 [HNOj3] vs Dy

Clenso = 0.25mol/L; T = 208+1K;
CFUO 12+ = 4.00 x 10~ mol/L
2

3.3 Effect of temperature

Extraction of uranium(VI) from 2 mol/L
HNO3 aqueous medium with (.25 mol/%
DEHSO was investigated at different temper-
atures. The data are given in Fig.3.

as concentration of nitric acid increases; af-
ter getting peak value, then decreased. This
was because, in the condition of higher nitric
acid concentration, some complex anion such as
[UO,(NQ3)3]~ can be formed which made ura-
nium extraction more difficult. The peak value
of uranium distribution ratio appeared at nitric
acid concentration about 2mol/L.

3.2 Effect of extractant concentration

The effect of extractant concentration on
extraction equilibrium was investigated under
uranium(VI) concentration of 4.00 x 103 mol/L
and nitric acid concentration 2.00mol/L in
aqueous solution (see Fig.2).

If extraction reaction is as follows:

[UOz(NO3)2 . TL[DEHSO](O)

UOZ*][NO; 2[DEHSO]*
2 3 ()

which indicates that n=2, i.e. the extracted

complex may be UO2(NOj3)2-2DEHSO.

1

-0.6

-0.9

1.2
" 1g[DEHSO],,

Fig.2 [DEHSO] vs Dy
= 2.00mol/L; T = 298+1K;
= 4.00 x 10~3 mol/L

0
CHNO 3

0
C[U02]2+

According to thermodynamic equations
AH®
~ 2.303RT “)

lg-ﬁ-’cx =

+ C

AG® = —RTInK (5)
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AG® = AH® — T AS°
By Fig.3 one can get

(6)

AG® = —8.02k] /inol
AH® = —22.5kJ /mol
AS® = —48.6J/(mol - K)

The results show that the reaction of
uranium(VI) extraction with DEHSO is an
exothermic reaction and low temperature is
beneficial to extraction reactiou.

1.4}
X
x 1.3
e
1.2}
3.20 328 336
T_1/1,0_3K_1
Fig.3 T vs Kex ’
C pHso=0-25mol/L; C[OUO?]2+ = 4.00 x 1073 mol/L;
Clino, = 2-00mol/L

3.4 Effect of salting-out agent concentra-
tion

The results are presented in Table 1. The
results show that the distribution ratio of ura-
nium(VI) was increased rapidly as ammonium
nitrate concentration in aqueous solution in-
creased.

Table 1 The effect of salting-out agent
concentration on uranium distribution ratio

Ammonium nitrate/mol-L=7 0 1 2 3 4
Dy 6.35 11.6 12.0 14.0 18.0

— . 0 — - .
Censo = 0-25mol/Li Ol 1.\ = 4.00 x 107 mol/L;
Ciino,= 2.00mol/L; T=298+1K

3.5 Effect of complex anion on ura-
nium(VI) extraction

The results are shown in Table 2. The
results show that tle distribution ratio of ex-
traction uranium(VI) with DEHSO is cut down
rapidly as strong complex anion (C,037) con-
centration in aqueous solution is raised in ex-
traction system. This is because complex anion
(C20%7) aud uranium(VI) formed hydrophile
comnplex which reduces distribution ratio of ura-

nium(VI).

Table 2 The effect of complex anion
concentration on uranium distribution ratio

Sodium oxalate/mol- L™ 0 01 0.2 03 05
Dy 6.35 3.51 3.08 1.74 0.818

Chenso = 0-25mol/L; Cly 1y = 4.00 x 107 mol/L;

Cino, = 2.00mol/L; T = 298+1K
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