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ABSTRACT: With the advancement of the nuclear industry, o IL is tsmperatur-responsive
g = g L
recovering **TcO,” from alkaline waste has become urgently = @WoH . TOuReO; o §, GMMCI 0 WNO, () oy Etract 100, ReO,

necessary. In this study, an alkaline aqueous biphasic system (ABS) i o ® IL-HNO,-ABS Stripping TcO,/ReO;
based on an imidazolium-based ionic liquid (IL) was developed to = % Y \ ™

meet this demand. The phase transition mechanism was Sapainting

investigated by using cloud point titration, small-angle X-ray Heating - upper phase Heating

scattering (SAXS), and dynamic light scattering (DLS). The ABS {3 e

was formed through the aggregation and growth of imidazolium (] B,° 0 ug o
micelles, which were influenced by the NaOH/IL concentration

and temperature. Furthermore, the anion exchange extraction Stripping & ILrecycled

mechanism was identified through Fourier transform infrared
spectroscopy (FT-IR), electrospray ionization mass spectrometry
(ESI-MS), Raman spectroscopy, and 'H NMR and *C NMR
analyses. This IL-ABS demonstrated high loading capacity, fast kinetics, and high selectivity for ReO,~ (an analogue for radioactive
#TcO,”) and could recover over 95% of ReO,” from a simulated radioactive tank waste supernatant with high concentrations of
NaOH and competing anions. Additionally, the loaded ReO,” could be easily stripped by using nitric acid. Compared with
traditional separation methods, alkaline ABS is efficient and green, showing promising application prospects for the removal of
#TcO,” from nuclear alkaline waste.

Developing an efficient alkaline IL-ABS extraction and stripping process of TcO,/Re0O,

1. INTRODUCTION adsorbents,'® solvent extraction is more appropriate and
efficient for the removal of ®*TcO,~ from nuclear waste.'®
Traditional solvent extraction typically uses water-immis-
cible organic solvents such as kerosene and benzene, which
pose significant environmental threats due to their high
volatility, flammability, and inherent unsustainability.'” To
overcome these disadvantages, various green solvents have
been developed as alternatives, including supercritical fluids,"®
ionic liquids, and deep eutectic solvents.'” Among these, a

Over 80% of the world’s energy needs are met by fossil fuels,
and the large amount of CO, generated during combustion
poses a threat to the ecological environment. With the
development of modern society, nuclear energy is expected to
be a viable alternative to fossil fuels.” However, technetium-99
(*Tc)—a radioactive isotope with a half-life of 2.13 X 10°
years—is produced in significant quantities (~6%) from

typical uranium (***U) and plutonium (**Pu) fission novel system combining ionic liquid (IL) and an aqueous
reactors.”" It usually exists as TcO,” and is stored in high biphasic system (ABS) has been established in recent
alkalinity waste tanks along with various other high decades.”’ ILs possess many advantages, such as negligible
concentration anions.” If nuclear waste leaks, **TcO,~ could vapor pressure, high thermal stability, and adjustable
lead to long-term environmental contamination due to its structures.”’ However, ILs also have drawbacks, including
excellent chemical stability and high water solubility.”* Tts high viscosity, which hinders mass transfer and limits practical
potential for bioaccumulation and toxicological effects in applications. The introduction of ABS can address this
mammals also raises concerns.” Therefore, effective methods problem, as there is no mass transfer obstacle caused by the
for extracting **TcO,~ from nuclear waste are urgently needed. liquid interface in homogeneous liquid—liquid extraction.””

Numerous methods for the separation of *TcO,~ have been

developed, including precipitation,m’ll adsorption,‘z’”’ and Received: October 18, 2024
solvent extraction.'* Precipitation is unsuitable for low- Revised:  January 3, 2025
concentration solutions, such as tank waste,” which contains Accepted: January 8, 2025
only S ppm of **TcO,”. While adsorption is time-consuming Published: January 16, 2025

and many adsorbents have drawbacks such as low adsorption
capacity, poor selectivity, and frequent regeneration of
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W ACS Pu blications 2309 Ind. Eng. Chem. Res. 2025, 64, 2309—2317





