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Calcium Isotope Separation with Crown Ether via SLE method: Cool Plasma ICP-MS Analysis
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Precision X-ray Spectroscopy of Antiprotonic Calcium Atoms
for Investigation of Antinucleon-nucleus Interactions
REO ', OREN 22, HEF IR
VAR, ORI

Antiprotonic atoms are exotic atoms, in which an antiproton (p) replaces an atomic electron and is bound to the nucleus.
Characteristic x-rays emitted by p atoms can be used to study low-energy antinucleon-nucleus interactions. In this
context, we will discuss specific interests in spectroscopy of p calcium isotopes with transition-edge microcalorimeters.
Keywords: antimatter, exotic atoms, superconducting microcalorimeters, x-ray spectroscopy, isotope enrichment
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AWFFE Tl BT AR OV CEEGR » BRI 2> DR HEA TS LY T A(Ca)R FZICE B L, M1
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Calcium Isotope Separation with Crown Ether via SLE method: Cool Plasma ICP-MS
Analysis

“Pantiwa Kumsut!, Ryuta Hazama?, Takaaki Yoshimoto !, Kanyanan Kosinarkaranun?, Chonlada
Pitakchaianan®, Anawat Rittirong?, Tadafumi Kishimoto?, Toshiyuki Fujii?, Yoichi Sakuma?®, Satoshi
Fukutani®, Yuji Shibahara*

!Osaka Sangyo U., 2Osaka U., *Tokyo Inst. Tech., *Kyoto U.

This study explores calcium isotope separation using solid-liquid extraction (SLE) with DC18C6. The SLE method
demonstrated higher reaction coefficient (n) than liquid-liquid extraction (LLE). Calcium isotope analysis using ICP-MS
with a cool plasma technique reveals the isotope effect in the organic phase by studying Cal, + nHO (s). The separation
coefficient (“®Ca/*°Ca) is -0.005+0.004.

Keywords: Isotope Separation, Enrichment, Crown-ether, Solid-Liquid Extraction

Introduction

Calcium-48 (**Ca ) is a double beta decay nuclide with a high Q-value of 4.27 MeV. It was used to study the
neutrinoless double beta decay (0v3f) by the CANDLES project. CAlcium fluoride for studies of Neutrino and Dark
matters by Low Energy Spectrometer (CANDLES) aims to demonstrate the Majorana nature of neutrino [1]. Therefore,
a large amount of *8Ca is required.

In this study, the chemical separation of calcium has been studied by focusing on chemical exchange processes
using solid-liquid extraction (SLE) with crown ecther because of low cost and fast and high productivity [2,3].
Dicyclohexano-18-crown-6 (DC18C6) was applied to use in this research. The internal cavity size of DC18C6 is
approximately 2.6-3.2 A, which closely matches the ionic radius of the calcium ion (Ca>"), about 1.0 A in hydrated form
or ~2.0 A when dehydrated. Thus, DC18C6 is suitable for calcium ions. The study by the SLE method was motivated by
the comparison of the reaction coefficient (1) between SLE and LLE (12M HCI) methods. The reaction coefficient (1) of
the SLE method was higher than the LLE method. A higher reaction coefficient (1) increases the proportion of the target
isotope extracted into the organic phase in one step. This enhancement increases the efficiency of target isotope extraction
when applied in multi-stage processes and affecting the isotope ratio. Therefore, the SLE method is a good candidate for
enhancing the production of **Ca.

The solid phase (CaCly-2H,O (s) or Cal, * nH>O (s)) was mixed with the 10 mL of organic phase (0.07M
DC18C6 dissolved in CHCIl3) by a magnetic stirrer for 10 minutes. After mixing, the solid phase was separated with a
filter (Millipore, size 0.2 um) using a low vacuum filter separation system. The loaded solvent was recovered with 10 mL
of pure water for back-extraction. The back-extraction time was fixed at 1 minute and standing for 1 minute before
separating by using filter (No.2S) size 150 @nm.

The ion concentrations in each phase were measured using atomic absorption spectroscopy (AAS; AA-6800).
Subsequently, the isotope ratio was analyzed with an ICP-MS (Agilent 7900) employing the newly developed cool plasma
technique. This technique represents an advancement over the previous reaction cell ICP-MS method (hot plasma with
H- gas mode) [3]. The development of the cool plasma technique aims to minimize argon-based interferences and reduce
mass bias, thereby enabling more precise and accurate isotope measurements.

Conclusion

Calcium isotope analysis was conducted by using ICP-MS with a cool plasma technique. The result obtained
using the chemical form of Cal, *+ nH,O (s) demonstrates the isotope effect in the organic phase, with the separation
coefficient (**Ca/*°Ca) of -0.005+0.004. Furthermore, this study observes the mass effect of calcium isotope, except “*Ca,
which exhibits a spin effect. This result demonstrates promising progress in enhancing the mass production of “6Ca
through the solid-liquid extraction (SLE) method, which is a more efficient isotope extraction than the LLE method, as
revealed by the reaction coefficient (n).
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Development of rapid screening analytical method for °°Sr in smear sample collected at the Fukushima
Daiichi Nuclear Power Station
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