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Development of a rapid solvent extraction apparatus for the aqueous
chemistry of the heaviest elements
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To realize the aqueous chemistry studies of Sg (Z = 106)
and heavier elements, we are developing a continuous and
rapid solvent extraction apparatus coupled with the GARIS
gas-jet system."” This apparatus consists of a continuous
dissolution apparatus called as Membrane DeGasser (MDG),
Flow Solvent Extractor (FSE), and liquid scintillation
detectors. In this work, we developed the MDG and FSE,
and conducted online solvent extraction of Tc and Re as
homologs of element 107, Bh.

We modified the MDG developed by a research group of
Univ. Oslo and JAEA.? Major modifications were to reduce
a dead volume of the apparatus from 90 pL to 23 pL and to
simplify the structure of the gas/solution-mixing unit to
dissolve shorter-lived nuclides with higher efficiencies at a
lower flow rate of 1 mL/min. Further, we fabricated the
FSE that consisted of a Teflon capillary and a phase
separator by referring to a well-known flow injection
analysis technique.? The inner diameter of the capillary is
0.5 mm. We can easily change the extraction time by
varying the capillary length. In the phase separator, organic
and aqueous phases are separated from each other with a
PTFE membrane filter (ADVANTEC T300A013A) by
applying pressure on the outlet of the capillary of the
aqueous phase.

We investigated the performance of the MDG using the
AVF cyclotron at RIKEN. Short-lived **™&Nb (T, = 18.8 s,
14.6 h) and '"%Ta (Ti, = 2.36 h) were simultaneously
produced in the ™Zr(dxn) and "Hf(d,xn) reactions,
respectively. The reaction products were transported by the
He/KCl gas-jet system to the MDG in the chemistry
laboratory. The reaction products were dissolved with 1 M
HF at a flow rate of 1 mL/min. The solution from the MDG
was collected for 1 min and was then subjected to y-ray
spectrometry with a Ge detector. The dissolution
efficiencies were determined by comparing the radioactivity
in the solution with that of the direct catch on a glass fiber
filter (ADVANTEC GB-100R). Next, we coupled the MDG
and the FSE and performed online solvent extraction of Tc
and Re. 2%"T¢ (T, = 4.25, 293 min) and '®'Re (71 = 20
h) produced simultaneously in the ™Mo(d,xn) and
"W (d,xn) reactions, respectively, were transported by the
gas-jet to the MDG. They were continuously dissolved with
0.5 M and 1 M HNOs3, and they were extracted with the
FSE into an organic phase of tri-n-octylamine (TOA) in
toluene. Both aqueous and organic phases from the FSE
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were then subjected to the y-ray spectrometry to determine
the distribution ratios (D). We measured the D values of Tc
and Re by varying the capillary length from 5 cm to 100 cm
to change the extraction time. We also varied a
concentration of TOA from 0.005 M to 0.1 M to evaluate an
applicable D range with the FSE. These D values were
compared with those in the batch extraction that were
obtained by 3-min shaking.

The dissolution efficiencies of *°™Nb, *°¢Nb, and '7%Ta
with the MDG were 56 + 2, 88 + 6, and 82 + 7%,
respectively. The efficiency of the short-lived °*"Nb is
smaller than those of the long-lived °**Nb and '"*#Ta. In the
online solvent extraction with the MDG-FSE, a variation of
the D values of Tc and Re is shown in Fig. 1 as a function
of the capillary length. The extraction equilibrium of Tc and
Re was attained with the 40-cm capillary. The time required
for the solutions to pass through the 40-cm capillary is
calculated as 2.4 s, which is sufficiently short to perform the
solvent extraction with 20°Sg®® (T, = 8.5 s, 14.4 s)» and
266Bh (T12 = 10.7 s).> We also found that the D values of Tc
and Re increase with increasing the TOA concentration. The
D values with the MDG-FSE were consistent with those in
the batch extraction except for Tc at a high TOA
concentration of > 0.05 M, where the D values obtained for
Tc with the MDG-FSE were slightly smaller than those in
the batch extraction. The reason of this discrepancy is under

consideration.
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Fig. 1. Variation of the D values of Tc and Re as a
function of the capillary length. The concentrations of
HNOs and TOA are 1 M and 0.01 M, respectively.
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