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INTRODUCTION 

During FY-2015, a collaborative research program was established by the Department of Energy-
Nuclear Energy (DOE-NE) Material Recovery and Waste Form Development program and the European 
Union (EU) Safety of Actinide Separation Processes (SACSESS) program. One component of this 
collaboration was the evaluation of the radiolytic stability of a Selective ActiNide Extraction (SANEX) 
separation which utilized a TODGA-based organic solvent and an aqueous phase containing the 
hydrophilic complexing reagent, SO3-Ph-BTP. To best simulate process conditions, this experiment was 
irradiated in the radiolysis/hydrolysis test loop located at the Idaho National Laboratory. 

Two test loop irradiations were performed. The first irradiation involved an organic phase comprised 
of 0.2 M N,N,N’,N’-tetraoctyl diglycolamide (TODGA)/5 % octanol/dodecane in contact with a 4.5 M 
HNO3 aqueous phase. The second irradiation utilized the same organic phase composition, but the 
aqueous phase was replaced with a solution containing 0.018 M SO3-Ph-BTP dissolved in 0.35 M HNO3. 
For both irradiation experiments, stable strontium, ruthenium, and neodymium were added to the aqueous 
phases. 

Over the course of each experiment, samples of the aqueous and organic phases were removed from 
the test loop for further analyses. The analyses to be performed at the INL included phase disengagement 
time, concentration of stable metals in the aqueous and organic phases, and the determination of the 
distribution ratios of americium, cerium and, europium as a function of absorbed dose. The variation of 
the solvent composition and the concentration of the aqueous BTP as a function of absorbed dose will be 
determined by the EU collaborators. 

EXPERIMENTAL 

The irradiation source (see Figure 1) is a 
MDS Nordion GammaCell 220 Excel self-
contained 60Co gamma irradiator. The center-
line gamma dose rate in the sample chamber is 
~4.5 kGy/hr. The solvent irradiation loop is 
based upon a coil of borosilicate glass tubing 
(0.375” OD, 0.202” ID) which is placed in the 
gamma irradiator sample chamber. The 
effective absorbed gamma dose rate of 3.3 
kGy/hr delivered to samples in the test loop 
was based upon decay-corrected Fricke 
dosimetry, [1] the photo-bleaching of a methyl 
red solution due to gamma irradiation,[2] and 
the duration of each irradiation. During the 
solvent irradiation, the aqueous and organic 
phases are mixed using a centrifugal contactor 
(CINC V-02, USA) with the rotor replaced by a 
four vane mixing paddle. The organic and aqueous phases were metered into the mixing region of the 
contactor at an aqueous to organic phase volume ratio of O/A = 1. The mixed phases are pumped through 
the irradiator test loop by a magnetic drive gear pump. The mixed phases flow through the glass coil in 
the irradiator sample chamber, through an external coil in a water bath, and return to the inlet of the 
centrifugal contactor where the phases are mixed and circulated back through the loop. In-line tube 

Figure 1.  MDS Nordion GammaCell 220 gamma 
irradiator. 
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Am (see Figure 7). Since significant radiolytic degradation was expected, distribution ratios were 
determined only for three low absorbed dose and one high absorbed dose samples. 

 

 
Figure 7. Aqueous samples from SO3-Ph-BTP SACSESS test loop irradiation. T0 (left) - T5 (right) 
Absorbed dose: T0 - 0 kGy; T1- 12.2 kGy; T2 - 25.8 kGy; T3 - 64.6 kGy; T4 - 80.8 kGy; T5 - 96.6 kGy. 

The measured americium (see Figure 8) and lanthanide (see Figure 9) distribution ratios for the 
irradiated SO3-Ph-BTP solvent system do not exhibit a dependence upon absorbed dose that is consistent 
with significant radiolytic degradation of the SO3-Ph-BTP ligand. At zero absorbed dose DAm = 0.045, but  
DAm increases to only 0.063 at 174 kGy absorbed dose. Similarly, there was only a minor increase in the 
extraction efficiency of europium and cerium. Thus, in spite of the dramatic visual effect on the irradiated 
solution the separation factors between the actinide and these two lanthanides were essentially unchanged 
over this absorbed dose range. Separation factors (CeSAm and EuSAm) calculated from the measured 
distribution ratios are presented in Table 1.  






	template for ext
	INL-EXT-15-36606

