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Abstract—>Ac was prepared by the "’zﬁRa(?, n) reaction on an electron accelerator (MT-25 microtron) at
FLNR. The radiation yield of *>>Ac was 550 Bg/(LA h mg *?®Ra). 22> Ac was isolated from the target material

and radioactive impurities by the ion-exchange procedure. The **3Ac : *

preparation was 1 :~2 x 107 : <6 x 107,
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_The use of new radioactive isotopes, in particular

“Ac, for diagnostics and therapy of various diseases
is one of the urgent trends in the modern nuclear
medicine. Actinium-225 is a parent radionuclide for
preparing HBi [1] which is used for tumor therapy,
especially for therapy of micrometastases. Nuclear
physical properties of B¢ [2] allow its application
for the same purposes. It is an a-emitter with a rela-
tively short half-life (10 days), and its daughter prod-
ucts 22'Fr and 217 At (along with 213Bj) are short-lived
c-emitters.
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Production of 22 Ac in amounts required for
nuclear medicine is an _urgent problem of nuclear
physics. To optimize 25Ac¢ production, different
preparation procedures of this isotope are developed.

Actinium-225 can be prepared by irradiation of
a Ra target with neutrons [1], protons [3-8], and
deuterons [6], of a Th target with neutrons [1] and
protons [7, 8], and of a U target with protons [7, 8].

One of the most convement ways to obtain PAcis

its_isolation from 22°Th.[1,7] formed by a-decay of

¥y produced for military and energy purposes.
The aim of this study was to examine the possibil-

B
ity of preparing 223Ac by the 22f’Ra('}/,.r:}ZZSRa e

"Ac : 2%6Ra activity ratio in the

25 .
A photonuclear reaction on an electron accelerator,

*MT-25 microtron (Flerov Laboratory of Nuclear Reac-
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tions, Joint Institute for Nuclear Research).

EXPERIMENTAL

To determine the *>Ac yield, we prepared two thin

targets containing 0.65 pg of 226Ra each. One of these
targets was a mixture of powdered barium sulfate and
radium sulfate, and the other was radium nitrate on
an aluminum support. Each target was placed in a
cylindrical aluminum container 8 mm in diameter and
5 mm high. The container was closed with an alumi-
num lid 0.1 mm thick.

The container was fixed at the center of an alumi-
num holder open on one side. The open side of the
holder was tightly sealed with 50-pm aluminum foil.
The targets were irradiated on an MT-25 microtron for
30 and 20 h with photons having the maximal energy
of 24 MeV at the electron current of 24 MeV. The ir-
radiation was performed by the procedure described
in our previous paper [9].

After the irradiation completion, the target was
kept for 18 days to reach the maximal accumulation of
¢ (Fig. 1). The actinium activity wasqc_}etermmed
by the activity of its daughter products 4 Fr (E =
217.6 keV, 12.5%, T, = 4.8 min) and *1’Bi (E
439.7 keV, 27.3%, T, = 45.6 min) [2].

The irradiated Ra(NO;), target was dissolved in
9 M HCL. The solution was evaporated to wet salts
which were dissolved in 0.1 M HCI. The reaction

products were separated by the ion-exchange proce-
dure described in [10]: (1) 0.5 ml of the initial solu-
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Fig. 3. Stepwise isolation of 225A¢ from the irradiated
target. Separation steps are shown by vertical lines.

materials of the target unit is accompamed by g uenera-
tion of neutrons. Therefore, the minimal 2%’Ac :
ratio will be determined by the amount of 22?Ac

tormeq by the 226Ral(n "{)'27Ra -B—> 227 Ac reaction.
The 2¥’Ac yield in this reaction depends on the ex-
perimental conditions.

In our experiments, the thermal neutron flux
measured using the lg?Au(n,"{)lggAu reaction was
10° n cm™2 57!, The cross section of thermal neutron
capture by 226Rais 12.8 b [11]. Hence, the minimal

227 Ac s 2P Ac actmty ratio under all the 1rradlat10n
conditions presented in the table is about 1.8 x 1072,

Our experimental results show that the purity of
223 Ac prepared by the 2 Ra(n v) reaction depends on
the purity on the initial 2*Ra and the integral photon
flux.

The model experiments with lead chloride show
that the specific yield of the target product decreases
by no more than 20% in going from a thin target to
a Ihlck 2-g target. Thus, 1.4 x 107 Bq (1.4 x 10° Bq)
of DAC can be prepared by irradiation of a 10-mg
(1-g) 226Ra target on an MT-25 microtron for lOO h at
a 25 pA electron current. Irradiation of 1 g of 226Ra
on linear electron accelerators for a period shorter than
150 h at an electron current of 500 pA and more and
the maximal y-quantum energy reaching 50 MeV can

yield more than 1 Ci of 25A¢.

Stepwise isolation of **Ac from the irradiated
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target increases its yield by a factor of 1.5 (Fig. 3).

Thus we develo d a procedure for pre 2paring 22B¢
by the %Ra(y,n)**Ra reactlon The ““Ac yleld is
550 Bg/(uA hmg **°Ra). The **Ac : */Ac’: *°Ra
actmty ratlo in the **Ac preparation is | :~2 x
107 :6x 107,
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