JOURNAL oF RADIATION INDUSTRY

17(4) : 543-549 (2023)
https://doi.org/10.23042/radin.2023.17.4.543

L EEEES 023 SAHMESZA Thallium-2012] SHeHS S22 s

Development of Chemical Separation Process for Thallium-201
Radioisotope with Lead Standard Material

JunYoung Lee', TaeHyun Kim' and JeongHoon Park'*
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Jeollabuk-do 56212, Republic of Korea

Thallium-201 (*°'TU is a medical radioisotope which emits gamma rays when it decays and
used in myocardial perfusion scans in single-photon emission tomography due to its similar properties
to potassium. Currently, the Korea Institute of Radiological & Medical Sciences is the only institution
producing 2'Tl in Korea, and optimization of ?°'Tl production research is necessary to meet supply
compared to domestic demand. To this end, technical analysis of plating target production and chemical
separation methods essential for 2'Tl production research is conducted. It deals with the process of
generating and separating *'Tl radioisotope and target production, It can be generated through a nuclear
reaction such as "*Hg(p,xn)?'TL, ®"Hg(p,n)?°'TL, "'Pb(p,xn)?®'Bi — 2'Pb — 2'T, 2°T|(p,5n)**'Pb — 21T,
and considering impure nuclide generated simultaneously with the use of proton beam energy of 35
MeV or less, it is intended to be produced using the 2**Tl(p,3n)**'Pb — ?'Tl nuclear reaction. In particular,
the chemical separation of Tl is a very important element, and the chemical separation methods
that can separate it is broadly divided into four types, including solid phase extraction, liquid-liquid,
electrochemical, and ion exchange membrane separation. Some chemical separations require additional
separation steps, such as methods using selective adsorption. Therefore, this technical report describes
four chemical separation methods and seeks to separate high-purity 2*'Tl using a method without
additional separation steps

Key words: Radioisotope, Thallium-201, Single photon emission computed tomography, Myocardial per-
fusion, Electroplated target
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Lo 32 F£H| 2ol A ARG plate= silver (bar shape
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Thickness: 70 ym

sin 5°=d thickness ™

d = thickness X sin 5°= 6.1 ym =0.00061 cm
Amount of TI=d (cm) X A (cm®) X p (gcm™)
0.00061 cm X 12.167 cm*x 11.85g cm™
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proton beam energy.

® Al degrader @ Tl target
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Table 1. *'Tl production details related to nuclear reaction
. Proton beam energy Target Production yield Radionuclidic
Nuclear reaction . . - . .
(MeV) materials (mCi pAh™") impurities
“'Hg(p,xn)**' Tl 20~0 Hg, HgO, HgCl 0.3 -
ZOIHg(p,n)ZOITl
Tl metal
"] ( p,xn)*'Pb — 2'T] 28~20 et 0.7 2007
TLSO4
293T1(p,3n)*'Pb — 2*'T1 20377 22 202
205T1(p,5n)**'Pb — 2°'T1 46~38 20577 1.9 200, 20277
"(p,xn)>*'Bi — 2*'Pb — 2*'T1 55~47 Pb metal 0.61 200
2.0 s 29 e 3(-: I 40| —20 Table 2. Tl plating conditions using standard material
[ @ 81-TL-203(P.2N)82-PB-202-M. SIG ]
_ r g §%:ﬂ{tggggziﬁ;ggzggjgé:g{g 1 No Parameters Speciﬁcation
g 15+ —15
g C + + + . 1 Waveform Sawtooth
é :_ %%@ ﬂ;%j + %‘+~ + %, _: 2 Frequency 100Hz
5 101 + % h T4y 10 3 Amplitude 1000
n L s " 1
a - #3’ % . . m s ﬁﬁ f‘) + 4 Tau -1
8 0.5 ) }u : : . ¥ i 105 S Phase 0
C - a8 w g ] 6 Chop freq 1000Hz
oferadlfE o . Jo 7 Chop duty 50%
20 30 40 8 Square duty 50%
Incident Energy (MeV) 9 Pos/Neg(%) 50/50
Fig. 1. (p,2n), (p,3n), (p,4n) cross-section as a function of 2**TI 10 Offset 0
11 Turn time 8s

35
30
25 S R
20

15

Incident energy (MeV)

10 |

51

0

Fig. 2. Proton energy attenuation depending on the thickness of

Al degrader and T1 target material.
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Thallium-201 TTH|AH Ha| 25X 7{gt

Power supply
o] [e

Platinum anode ———

+RPM control

— 1

Plating vessel

Silver substrate natT] electroplating

Working electrode
(Silver plate)

|

Fig. 3. Plating equipment and "*T1 electrodeposition on silver plate.
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Fig. 4. Pb adsorption distribution coefficient at various nitric acid concentrations using solid PB resin.
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