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211At is one of the a -emitters expected to be applied to radionuclide

therapy in a field of nuclear medicine, but its use is limited to manufacturing sites because of its

short half-life. In this study, 211Rn was manufactured in collaboration with Argonne National
Laboratory and Duke University in the United States, which has clinical experience with 211At, in
order to create a 211Rn/211At generator to support studies using 211At in remote areas. Under the
collaboration work, we tried to manufacture the 211Rn by using 6Li beam of the tandem accelerator
ATLAS. And we also evaluated the effects of the radiolysis in organic solvents using high activity
211At. As a result, we confirmed the production of 211Rn at Argone National Laboratory. Moreover,

when extracting highly radioactive 211At from nitric acid solution to organic solvent, no phenomenon
due to radiolysis was observed.
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Development of 211At production via continuous extraction of 2!1Rn
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Chin-Tu Chen, Department of Radiology, University of Chicago, Chicago, IL, USA Argon ne
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Uma Sampathkumaran and Raymond Winter, Innosense, LLC, Torrance, CA USA

Abstra

Critically needed radionuclides for cancer therapy include the alpha-emitter 2*At and therapeutically useful Auger-electron emitters. The ATLAS (Argonne Tandem Linac
Accelerator System) superconducting linac at Argonne National Laboratory is suitable for production of these radionuclides. Our work demonstrates production capabilities for
#11At (7.2 h half-life) using the 2%Bi(7Li,5n)"1Rn reaction. Presently, in the U.S. 21At is primarily produced at 3 university facilities using the 2%Bi(a,2n)2 At reaction at in-house
cyclotrons. Hence, clinical use of #?At nation-wide is limited due to its short half-life. By using the lithium induced reaction, the ?'At daughter is extracted from the parent 21'Rn,
which has a half-life of 14 h, signi ing the time-frame for effective distribution and use. ATLAS upgrades to praduce mare intense lithium beams and improved

neutron shielding will enable yields of ~100 mCi of ?1'Rn per batch. As part of this development, an option for the continuous callection of 2'*Rn from a bismuth oxide target
followed by separation of the 2!1At daughter product is being investigated. Porous bismuth oxide targets have been developed by Innosense, LLC under a DOE Small Business
Grant (DE-5C0007572). In two test runs to date, *'Rn released from the targets was collected in charcoal traps. In the first run a metallic bismuth target was used and in the
second the recently developed bismuth oxide target was used. In both runs only a low fraction of the #2Rn was released and collected on line. The first case was limited by the
melting point of the metal target, and the second was limited by the target being heated only to 60°C, The release and capture were quantified by off-line gamma counting of
the long lived %78 daughter remaining in the production target and in the charcoal. In upcoming test runs target heating up to 600 °C will be implemented to enhance release
and collection efficiency.

209Bi(7Li,5n)**Rn
Alpha beam
@ Cross section gives larger initial activity
@ Target must be dissolved each run
@ Dry distillation or wet extraction

Advantages:
© Extention of delivery time

@ Repeated elutions

Lithium beam

The first Bi,0, target tested at ATLAS
15.08 mg/cm2 area density

Growth and Decay of Rn and 2'1at © 14 hour half-life > useful yield 1-3 days after production

© Continuous extraction of 2¥n from the target
L Em: “*n and by-products cross sectian © Simple physical extraction of #3At from the “generator”
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Refining Bismuth Oxide Thin Film Processing
by Innosense, LLC

Cold trap and Ge gamma  Counting the Bi gammas from the cold

detector, counts charcoal trap (1% transferred at 65 °C)
gammas from *1Rn
transferred to charcoal
=Processing developed for contiguous nanoparous bismuth oxide films on 150% of 2URn (14 hour) decays tol b g
o g ! ng the
stainless steel 303 coupons (0.5” thick, 7/8" diameter) Mg {32 year), so counting thel the Ei;l::w‘aﬁ- ﬂmﬁ;mbm [
=Film thickness ranged from 9-15 mg/em? ™78 is useful for tracking the final uCi of #1Rn produced @ 30 pnA

|location of the 1Rn /211t current, 10 h.

=Films remain adhered after 3x in vacuum heating to 600 °C
=Some mass |oss noted, investigating this =

5K 2ok Imaged @ 44,6 degrees

= Refractory nanoporous bismuth exide thin films developed on 303 stainless steel substrates (SBIR Project)
* Retain apen porosity and remain adhered through thermal cycling — robust, ceramic-like coating of backing
=Tested 15 mg/em? target on-line at ATLAS to produce %'Rn
= Next steps in FY2019

= Design and construct target cave w/ neutron shielding

=Improve lithium beam ion source {larger cathodt)

=Improve sample heater to study 200-600 °C to increase release and determine target lifetime

=Neutren shielding will permit higher beam currents and on-line counting of yiekts
= Ultimate goal 1: validate that Bi,0, targets enable continuous extraction of 71Rn
* Ultimate goal 2: f a Rn/™At i B

This work was supported by the DOE Office of Nuclear Physics, Contract No, DE-AC02-06CH11357. Contact: nolen@anl.gov
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