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1. Introduction

It is known that a diamide extractant has a good
extractability for the trivalent actinides and lanthanides
elements. The amide is also advantageous for the
treatment of radioactive waste, because diamide
contains only C, H, O, N atoms and no phosphorus
atoms, so that the spent solvent is completely
incinerable and produces limited amounts of secondary
waste combustion. Furthermore, the radiolytic stabilities
of malonic acid diamides are sufficient enough for use
in radioactive waste treatment and diamide is easy to
synthesize. The malonamide, DMDBTDMA (N,N’-
dimethyl dibutyl tetradecyl malonamide,
(C4H9(CH3)NCO)2 CHC 14H29) has shown VEry
promising extraction properties [1-6]. In this paper, the
extraction behaviours of the actinides (Am, Np) and
lanthanides (Eu, Nd, La) elements by DMDBTDMA
dissolved in dodecane were investigated.

2. Experimental
2.1 Reagents

DMDBTDMA is not commercially available, so it
was synthesized by J. S. Kim [7]. DMDBTDMA was
synthesized in two steps: in the first step, a synthetic
precursor,  N,N’-dimethyl-N,N’-dibutylmalondiamide
was synthesized for a 65% yield by the use of an
autoclave. In the second step, the final product, N, N’-
dimethyl-N, N’-dibutyl tetradecyl) malondiamide was
synthesized for a 65% yield from the reaction of N, N’-
dimethyl-N, N’-dibutyl malondiamide and 1-
bromotetradecane. The final product compound was
proved by a 'H-NMR spectrum, BC-NMR spectrum and
an Infra-red spectrum. Other commonly used chemicals
are Merck analytical grade reagents, without any further
purification. Radioisotope tracers (**'Am, '**Eu, **'Np)
were obtained from the AEA technology company of
England.

2.2 Equilibrium Measurements

1 mL of an aqueous phase containing a tracer amount
of the radioisotopes (**' Am, "**Eu, *'Np) or a 20 — 100
ppm concentration of the non-radioisotope elements (Nd,
La, Ce, Y) in nitric acid of varying concentrations and 1
mL of an organic phase containing various
concentrations of DMDBTDMA in dodecane were
shaken in a shaker (Jeio Tech. Co., model : SI-900R) for
1 hour. After a phase separation by gravity, the samples
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taken from the both phases were analyzed by gamma
spectrometry (multichannel analyzer, Oxford Co. with
Ge(Li) detector) for the radioisotopes and by ICP
(Jovin-yvon, model JY 38 plus) for the non-
radioisotopes elements. An aqueous nitric acid
concentration at an equilibrium was measured by
titration with a sodium hydroxide solution. The organic
nitric acid concentration at an equilibrium was
measured by titration with a sodium hydroxide solution
after stripping the organic phase with pure water.

3. Results and discussion
3.1 HNO; extraction

The results of the HNOs; extraction between
DMDBTDMA in dodecane and an aqueous nitric acid
have a similar behaviour pattern to that of the result
measured in the TPH diluent [1, 4]. The concentration
ratio Cynoy/Competpma varies between 0.2 and 2.

3.2 Third phase formation

The effects of several parameters, the concentration
of DMDBTDMA in dodecane, temperature, metal ion
concentration, HNOj; concentration and aromatic diluent
(decaline) on the third phase formation was studied. In
the case of the metal ion concentration and HNO;
concentration they were increased, and the third phase
formation was observed, but for the temperature, as the
temperature was increasing the third phase formation
phenomena was decreasing. For the aromatic diluent
(decaline), the third phase formation was not observed.

3.3 Extraction of Actinide/Lanthanide

Figure 1 shows the extraction yields (%) of various
metallic nitrates of interest as a function of the nitric
acidity at an equilibrium during extraction by 0.5M
DMDBTDMA in dodecane. For all the elements, an
increase in the aqueous nitric acid concentration caused
an increase in the extraction yields. Figure 1 also shows
that Am(III) and Eu(Ill) nitrates are extracted better
than the Np(V) nitrate. The affinity sequence is as
follows: Am(III) > Eu(lll), Nd(III), La(Ill) > Np(V).
The back-extraction from the loaded organic phase was
performed with a 0.5M nitric acid solution and the
Am(III) recovery yield was more than 99% in one batch
experiment.
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Figure 1. Extraction of Am, Np, Eu, Ce, La and Y by
0.5M DMDBTDMA/dodecane from a nitric acid
solution.

3.4 Effect of the diluents on the metal extraction

As shown in Figure 2, aliphatic solvent dodecane
provided higher extraction yields than aromatic solvent
decaline. Dodecane has some problems in the third
phase formation when compared with the decaline, but
in the extraction efficiency it is better than the decaline.

-

Figure 2. Effect of the diluent on the Am(IlI) extraction

by 0.5M DMDBTDMA from a 3.5M nitric acid solution.

3.5 Thermal stability of DMDBTDMA

For the thermal stability test of the extractant, ImL of
0.5M DMDBTDMA in the dodecane solution and 1 mL
of

Figure 3. Extraction of Am by the thermally treated
0.5M DMDBTDMA/dodecane from a 3.5M nitric acid
solution.
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a 3.5M nitric acid solution was taken in a glass vial and
exposed to a thermal treatment in the oven (Scien Co.,
with temperature controller) at the experimental
conditions and temperature for an hour. The extractant
was used for the extraction of **'Am after cooling. As
the thermal treatment temperature was increasing, the
extraction yields of Am were decreasing more rapidly as
shown in Figure 2.

3. Conclusion

The extracting properties of DMDBTDMA regarding
the actinide and lanthanide elements are briefly
described in this paper. The main results of the actinide
and lanthanide extraction and back-extraction provided
generally good solvent extraction properties. However,
a number of problems, such as the third phase formation
phenomena and low metal ion loading capacities
without a third phase formation, were identified. For the
development of the problems of DMDBTDMA
extractant, some of the new diamide extractants
displaying improved extracting properties have to be
synthesized and study.
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