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INTRODUCTION: 125Sb, an isotope of antimony (Sb), 
is a fission product (FP) nuclide in the high-level liquid 
waste and understanding its extraction behavior is crucial 
for the reprocessing be highly active liquid waste. Alt-
hough the amount contained in the nuclear waste is rela-
tively small compared to other elements (0.026 mM for a 
synthetic solution [1]), its short half-life of 2.76 years [2]
is problematic and therefore the influence of Sb should be 
considered. N,N,N’,N’-tetradodecyldiglycolamide
(TDdDGA) is an extractant synthesized at Japan Atomic 
Energy Agency (JAEA) for the recovery of minor acti-
nides (MA) and rare earth elements (REE) from the 
high-level liquid waste, but the extraction behavior of Sb 
has not been studied using this extractant. In this study, 
the solvent extraction behavior of Sb by TDdDGA and its 
dependency on nitric acid solution and also the separation
factor from neodymium (Nd), a REE, were studied and 
determined.

EXPERIMENTS: For the HNO3 concentration depend-
ency, TDdDGA was used as the extractant and a mixed 
solution of n-dodecane and 1-octanol was used as sol-
vents to adjust the TDdDGA concentration to 0.1 M. A
Sb shot was placed in 7 M HNO3 for 18 hours at room 
temperature to dissolve and then diluted to form the 
HNO3 concentration of 0.1, 0.2, 0.5, 1, 1.5, 2, 3, 4, 5 M.
Both phases were stirred for 30 mins to reach equilibrium. 
The solution was separated by centrifugation and the 
aqueous phase was exchanged with a 0.1 M HNO3 and 
back extraction was performed. For the Nd separation
experiment, the concentration of Nd and Sb were adjust-
ed to be the same in a 1 M and 3 M HNO3 solution for 
the aqueous phase. The organic phase was 0.1 M 
TDdDGA diluted by n-dodecane and 1-octanol. All ex-
periments were carried out at room temperature. The Sb
and Nd concentration of the aqueous phase before and
after both extractions were measured by Inductively 
Coupled Plasma-Atomic Emission Spectrometry 
(ICP-AES) and Inductively Coupled Plasma-Mass Spec-
trometry (ICP-MS) at the Institute for Integrated Radia-
tion and Nuclear Science, Kyoto University, and the dis-
tribution ratios and separation factors were determined.

RESULTS AND DISCUSSIONS: The results for the 
HNO3 dependency are shown in Fig. 1. For the concen-
trations above 0.5 M HNO3, from slope analysis, there is 
a slope 1 positive correlation between the distribution 
ratio and HNO3 concentration. On the other hand, below 
0.5 M HNO3, there was no correlation. This suggests that

1) Sb and TDdDGA form a compound in a 1:1 ratio from
HNO3 concentrations greater than 0.5 M and 2) the oxi-
dation state of Sb changes around 0.5 M, due to the
HNO3 concentration. The possible ligands that can form
at the HNO3 concentrations used in this study is SbO2

+,
SbO+, HSbO2 and Sb(OH)6- [3] which are either Sb(III)
or Sb(V). This supports the observation of the correlation
change at 0.5 M HNO3.
The separation factor for Sb/Nd was 6.8×103 and 9.1×103

for 1M and 3M HNO3 respectively. Furthermore, the dis-
tribution ratios of Sb (1M: 0.0054, 3M: 0.086) of and Nd
(1M: 36.7, 3M: 786) show that the Sb and Nd can be
clearly separated into different phases. Compared with
TODGA [4], separation of Sb from a trivalent lanthanide
or actinide element is efficient using TDdDGA.

CONCLUSIONS: The extraction behavior of Sb in var-
ying nitric acid concentrations using TDdDGA was stud-
ied by using the solvent extraction method. The separa-
tion factor of Sb and Nd was also determined. Sb and 
TDdDGA had a 1:1 bond for HNO3 concentrations of 0.5 
M and above. TDdDGA is an efficient extractant to sepa-
rate Sb from trivalent F block elements.
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Fig. 1.  Dependence of D on nitric acid concentra-
tion for Sb. 
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