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Novel Cyclotron-Based Radiometal Production

Accomplishments:

1) Construction of prototype solution target for radiometal production.
2) Testing of prototype target for production of following isotopes:
a. Zr-89. Investigation of Zr-89 production from Y-89 nitrate solution.
i. Defined problems of gas evolution and salt precipitation.
ii. Solved problem of precipitation by addition of nitric acid.
iii. Solved gas evolution problem with addition of backpressure regulator and
constant degassing of target during irradiations.
iv. Investigated effects of Y-89 nitrate concentration and beam current.
v. Published abstracts at SNM and ISRS meetings.
3) Design of 2™ generation radiometal solution target.
a. Included reflux chamber and smaller target volume to conserve precious target
materials.
b. Included aluminum for prototype and tantalum for working model.
c. Included greater varicosities for improved heat transfer.
4) Construction of 2" generation radiometal solution target started.

Publications

(see appended abstract and poster)



Abstract: Society of Nuclear Medicine Annual Meeting, 2011
Feasibility of production of ®*Zr using an aqueous cyclotron target
Byrne J, Belanger AP, Packard AB, DeGrado TR

The physical decay characteristics of the positron emitter 87¢ (T1/2=78.4 h, E4ve(B+)=396.9 keV) make it a
well suited radiolabel for PET imaging studies of radiolabeled monoclonal antibodies (mAbs). To date,
the production of *Zr has commonly employed proton bombardment of Yttrium foils with subsequent
acid dissolution and isotope separation. This technique requires transport of the activated foil to the
processing hot cell. The current work explored the feasibility of production of ¥Zr by bombardment of
an aqueous target matrix of yttrium nitrate (100% isotopic abundance of ¥Y), thereby avoiding the foil
transportation and dissolution processes. Such a method would be compatible with self-shielded PET
cyclotrons that typically lack sophisticated foil handling capability. A commercial **F-fluoride target
(Bruce Technologies, LLC, niobium body, 0.127mm titanium window) was loaded with 3.2 mL aqueous
solution of 259 mg/mL yttrium nitrate tetrahydrate. The target was bombarded for 30 min with 16.5
MeV protons (25 pA) in a GE PETTrace cyclotron. After a 20 h delay period to allow decay of the short-
lived isotopes (N, *'C, and *®F), the target matrix was delivery to a processing hot cell for isotope
separation on hydroxamate resin column (50 mg).
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Introduction

Longerdived posiiron-emitting radiometals (e.g_ #Cu. &Y and ®Zr) are piaying an
Increasing role In for PET. However,
the majarity of PET cycloirens are seif-shiekled and not easlly adapied io
Therefore. we sought to
estabish a saluion target metnod for production of radkmetals. This approach has
besn recently Introduced for production of @y [1] and **Ga [2]. AENOwgh production
yields are lower than achelvabile with solld targets, the solution

readlly implemented on commercial PET
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Methods

The cross-sections for protons on natural
9y are shown at right (Mustafa et af). -
Cross-sechion Tar the #y(p,nyzr reaction
hias broad maximum from 10-15 MeV, i}
whereas ihe undesirable longer Iived =25 |
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Methods

The tanget used In tnis study was the Bruce Teennoiogies
TE-1650. This target has 3 replaceable farget body Insert of
volume ~3mL. Three diferent inseri body composiians were
SIS ND, Al N SN0OIZED AL WINGDW ToRs of T1, T3, Al O
anadized Al were tested. The farget was bombarded by 16.5
MeV protons In a GE PETTrace cyclalron. An agueous solution
af ytirum niate with 200-400 mg equivalent of *¥ fllied the
target atine beginning of each run. Beam current was varled
from 15-25 pA_

Incident profon energy was estimated by
e SRIM program (version 2008-4).

“The design af fhe targef Inading system
Included 3 syrings pump comnected o a
6-port mistrinution vaive for selection of
different salutlons & load the
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THling of ine target (V1), DEIVery o me
hot cell {V2). nirogen for
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Highes! effective speciic aciivities (~ZmClig) were seen In Nb, Ta and
anodized Al target bodles andior window fois. However, anodized Al was

not stable against electroiysis, particulary at of the fal.
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shortived volatlles released from the

target. quistor [Alltech) to 100 psl,
while venting target gases.

P clivity (SA) ihe method of Holland etal. [3].
Results

Inifial Imadiations were stopped prematuredy due to a rise In target pressure. Since
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