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Abstract: The extractive properties of N,N,N',N'-tetra-2-ethylhexyldiglycolamide (T2EHDGA) were examined for

the extraction of uranium(V) from nitric acid medium, in which sulfonated kerosene was used as diluent. There’s

no third phase formation under the studied conditions. The number of ligand molecules present in the

stoichiometry of the extracted species of U(V]) was found to be two. Thermodynamics studies suggested that the

extraction is exothermic. The extraction influence of nitric acid concentration and T2EHDGA concentration as

well as salting-out agent and temperature on the extraction distribution ratio was investigated. The extraction

mechanism was established and the stoichiometry of the main extracted species was confirmed to be UOy(NO;),*

2T2EHDGA. The IR spectra of the loaded organic phase were also recorded.
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Uranium () is both the major constituent of
nuclear fuel and one of the key nuclides in spent fuel
reprocessing!!. Separating uranium(Vl) from High Level
Waste (HLW) solution generated during the reprocess-
ing of the spent nuclear fuel is useful both for the
storage of nuclear waste and for recycling of nuclear

fuel®. Solvent extraction, in combination with chela-
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tion chemistry, has been one of important method in
separation and recovery of uranium(V)*?. Designing
appropriate chelation agents is a crucial task in the
application of innovative solvent extraction techniques
to the efficient separation and recovery of uranium(V])
from HLW solution or raw materials®”. Recently, new

class of diamide extractants, diglycolamides have been
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the focus of many extraction groups working on actinide
partitioning in view of offering several advantages like
high radiolytic stability, innocuous nature of degrada-
tion products and complete incinerability as well as the
easy of synthesis®™. This class of extractants exhibit
higher extraction of actinide ions from acidic solutions
as compared to malonamides due to containing ether
linkage between two amide groups®'>'%.

The stereochemical hindrance around the poten-
tial binding sites of diglycolamides is likely to play
important roles on the metal ion extraction and
separation performances, study on the relationships
between ligand structures and metal extraction are
still important. Amongst various derivatives of
diglycolamides, N,N,N' ,N' -tetraoctyl diglycolamide
(TODGA) has attracted considerable attention and has

[17-20]

been investigated intensively!"™. However, studies on

its homologue, viz. T2ZEHDGA having ethyl branched

[21-24]

chain are scarce Sharma et al. investigated the

extraction behavior of uranium, thorium and nitric
acid for TEHDGA/isodecyl alcohol/n-dodecane solvent
system, they found the extracted species of uranium
and thorium in the organic phase were UO,(NO;),-
2TEHDGA and Th(NOs),-2TEHDGA. A workable
separation factor (Dy/Dy) of the order of 300 was
observed between which
indicated that TEHDGA solvent system could be a

potential candidate for separation of thorium from

thorium and uranium,

uranium'®,

As we all know, diluents play an important role
in the solvent extraction techniques!"'?\. In this paper,
sulfonated kerosene, a diluent widely used in
industrial scale extraction process, was selected as
solvent considering its high flash point and low cost
alcohol/n-dodecane. The

extraction properties of uranium(V) by T2EHDGA in

compared with isodecyl

sulfonated kerosene from nitric acid media was
investigated in detail and the results has great

reference value for practical application.
1 Experimental

1.1 Reagents
T2EHDGA, yellow oil, 98% purity, was synth-

esized by a three-step process as reported in Manoha'
s paper™. However, thionyl chloride was used to
convert diglycolic acid to diglycolyl chloride® rather
than phosphorus pentachloride. T2EHDGA was chara-
cterized by IR, 'H NMR and “C NMR. The corres-
ponding data are given as follows: IR (KBr, cm™) v,
2 959, 2 874(C-H), 1 658(C=0), 1 463, 1 456(-CH),
1 117(C-0), 728(-CH»-); 'H NMR (400 MHz, CDCls,
TMS)4.43 (d, J=7.8 Hz, ,4H, 2 -OCH,), 3.07~3.35 (m,
8H, 4 -N-CH,-), 1.55~1.66 (s, 4H, 4 -CH-), 1.21~1.29
(s, 32H, 16 -CH,-), 0.84~0.90 (d, J=7.0, 3.5 Hz, 24H,
4 -CHs); "C NMR (400 MHz, CDCl;, TMS) &: 169.80,
69.35, 50.18, 48.04, 38.06, 36.82, 30.69, 30.63, 28.96,
28.85, 23.91, 23.23, 14.22, 14.17, 11.08, 10.76.

Other reagents employed in this work were all
AR grades.
1.2 Extraction and analytical procedures

Equal volumes of T2ZEHDGA in sulfonated kero-
sene and UO,(NO;), solution were shaken mechani-
cally for 30 min (to obtain equilibrium) at (25+0.2) °C.
The two phases were then centrifuged and assayed by
(0.05 ~0.10 mL) from the

aqueous phases. The analytical procedures were just

taking known aliquots

like those described in our previous paper'”..
1.3 Preparation and characterization of the
extracted species
The extracted species were prepared. The
extractant solutions were shaken with a concentrated
solution of UO,(NO;), and centrifuged. The organic
phase separated was dropped on a potassium bromide
plate and the diluent was removed by evaporation.
FT-IR spectra of the residuals were recorded on
Perkin Elmer-Spectrum One in the range of 400 ~
4 000 cm™. The scan times and the resolution were

60 and 2 em™, respectively.
2 Results and discussion

2.1 Effect of nitric acid concentration on the
extraction of U(V)
The extraction of uranium(V) with 0.20 mol +dm™
T2EHDGA in sulfonated kerosene from nitric acid
solutions has been investigated. As shown in Fig.1,

in the range of 1.00 ~5.00 mol -dm ~ nitric acid
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concentrations, the distribution ratio of UO,* increases
with increasing concentration of nitric acid, which can
mainly be attributed to co-ion effect of NO;~ and,
possibly, also to classic salting out effect™. It also
indicates that no obvious competing extraction of
nitric acid appeared in all the range of concentrations
tested in the proposed condition. This phenomenon is
somewhat similar to that reported with N, NN N’ -
tetrahexyl-4-oxa-heptanediamide in nitric acid medium
systems!". There’s no third phase formation under the

studied conditions.
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Fig.1  Effect of HNO; concentration on the extraction of

U 0 22+

2.2 Effect of extractant concentration on the

extraction of U(V)

The logarithm distribution ratio is plotted as a
function of the logarithm concentration of T2EHDGA
in Fig.2. The distribution ratio increases linearly with
an increase in the T2EHDGA concentration. The
calculated slope of the line is about two. Hence, the
reaction equilibrium of UO,** from nitric acid solution
by T2EHDGA can be described as follows:

U0, +2N0;,+2T2EHDGA =

UO,(NOs),-2T2EHDGA 1)
where subscripts (a) and (0) refer to aqueous and
organic phase, respectively.

As we known, the coordination number of uranium
in UO,” manner is 6. Thus, the present result
suggests T2EHDGA functions as a tridentate ligand,
which is in good agreement with Sharma et al.*.

From Fig.2, there are two molecules of T2EHDGA in
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Cyo=1 .00x107 mol - dm™, Cyyyo,=0.01 mol - dm™, Cy,y0,=3.00 mol - dm™

Fig.2 Effect of T2ZEHDGA concentration on the extraction
of UO,*

one extracted species molecule. However, Panja et al.*
reported a species of the type UO,(NOs),- T2EHDGA
in n-dodecane with 30% iso-decanol as the phase
modifier, which is in sharp contrast to the species
reported by us. This is probably connected with the
diluents that have a major impact on the extraction

Bl Moreover, Panja et al mentioned

due to their polarity
that at higher nitric acid concentration the ligand
dependence is close to 1, while at lower nitric acid
concentration which is close to 2 with T2ZEHDGA 2,

In this experiment, nitric acid concentration is
controlled at 0.01 mol -dm™, it is exactly at low nitric
acid concentration range, and the result is consistent
with that reported by Panja et al.?.

The conditional equilibrium constant is

CLAOE(NOJ2 -2T2EHDGA (o)

Kt‘x: 2 2 (2)
CUO?(a) CNO; (B)CTzEHDGA(O)
D
Kex: 2 nU (3)

No;(a)CTzF,HDcA(n)

The value of K, is calculated to be (2.18+0.13)
mol @ -dm'. We had reported the extraction of UO?*
with NN,N” N’ -tetraoctyl diglycolamide under the
same conditions and found that the value of K. is
(26.45+1.05) mol™-dm™ ™!, These results show the
steric hindrance of ethyl branched chain.

2.3 Temperature effect on the extraction of U(V)

The effect of the temperature on the extraction
equilibrium of uranium (V) was studied at different

temperatures  (15~55 °C), and shown in Fig.3. It was
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found the distribution ratio decreases with increasing
temperature, which demonstrates that the extraction
reaction is an exothermic process and it is disadvanta-
geous for the extraction reaction at high temperature.
The change in enthalpy, AH, associated with Eq. (1),
evaluated by means of the Van't Hoff equation™, is

~(30.0+1.27) kJ - mol™".

0.0

3.0 4] 32 33 3.4 3.5
1000/7/K™!

Cmi: 1.00x107 mol - dm™, Ciaenncr=0.20 mol -dm™, Crano,=3.00
mol - dm™

Fig.3 Effect of temperature on the extraction of UO,*

2.4 Effect of salting-out agent concentration
Fig.4 shows the influence of the salting-out agent
(LINO; and NaNO;) concentration on the distribution
ratio of uranium(Vl). The distribution ratio of uranium(Vl)
increases sharply with increasing LiNO; concentration.
Here nitrate plays an important role not only as a
salting-out agent which increases the LiNOj; activity
owing to hydration of cation but also as a homo-ion

solution, shifting the extraction reaction equilibrium to

0 —a— LiNO,
E —o NaNO,
QD 1 -
0.1F
1 1 1 1
0 1 2 3 4

Cro,-! (mol-dm~?)
CUU?:LOOXIO’3 mol + dm™, Cpere=0.20 mol - dm™

Fig.4 Effect of salting-out agent concentration on the

extraction of UO*

the right™. However, the distribution ratio changes
little with NaNO; concentration. That is say, the
extractant in LiNO; system shows a stronger extraction
propensity to uranium(Vl) than that in NaNOj; solution.
This  behavior

explained by invoking the small size and hydration

of lithium has sometimes been

properties of Li*P,
2.5 1R spectra of extracted species

The IR spectra of the organic phase loading
extracted species (Fig.5) have been studied to give
insight into the structure of the extracted species. The
wave number of the stretching frequency of C=0 band
was shifted to lower numbers: 1 658 to 1 608 c¢m™.
Sasaki reported that the C=0 band of TODGA was
shifted to 1 614 ¢cm™ after complexation with Eu(Il)"*".
The IR stretching frequency of the ether group was
shifted from 1 117 to 1 130 em™. The above result
indicates that the three oxygen atoms of T2EHDGA
molecule are all coordinated with UO,** ion in the
extracted species, in other words, T2EHDGA is
tridentate ligand. The experimental bands assigned to
N-O asymmetric and symmetric stretching modes of
the coordinated nitrate anion are observed at 1 275
and 1 024 cm™. The band at 932 e¢m™ is correspond
to asymmetric O-U-O uranyl stretching vibration, which
is similar to the IR data of U(V) nitrate monoamides

B8 Tt is worthy to note that there’s a strong

complexes
band at 1 352 em™. The non-metal bonded nitrate ions
is of Dy, symmetry and are easily recognized by the
very strong band usually found at 1 380~1 350 cm™ ™,
Then the band at 1 352 em™ is assigned to v; of not

coordinated NO5™.

T2EHDGA

Loaded U(VI)
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1 658‘/
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3000 2500 2 000 1500 1000
Wavenumber / cm™

Fig.5 IR spectra of T2EHDGA and loading U(V])
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3 Conclusions

Uranium (V) can be extracted effectively from
nitric acid medium by T2EHDGA in sulfonated kero-
sene. The values of distribution ratio UO,>* increases
with increasing concentration of nitric acid, extractant
and salting-out agent. The stoichiometry of the extracted
species is confirmed to be UO,(NO;),-2T2EHDGA and
the value of K., is calculated to be (2.18+0.13) mol™:
dm'% In addition, the extraction reaction is exothermic
and it is disadvantageous for the extraction reaction at
high temperature. The extractant in LiNO; system
shows a stronger extraction propensity to uranium (V)

than that in NaNOj solution.
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