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The production of high-purity 123I that utilizes an isotopically enriched 124Xe target and bombardment

with 30 MeV protons, through the reactions 124Xe (p, 2n) 123Cs-123Xe-123I and 124Xe (p, pn)
123Xe-123I, is described. The aim of this work was to improve the production parameters, such as 124Xe

load pressure, beam current, decay time and target heating to recover 123I to obtain high-production 123I

yield at low cost.

& 2008 Elsevier Ltd. All rights reserved.
1. Introduction

IPEN, the Energy and Nuclear Research Institute, has developed
activities for the production of radioisotopes in reactors and
cyclotrons in response to the increase in demand and diversifica-
tion in the utilization of radioisotopes for diagnosis and therapy.
The cyclotron-produced radionuclide 123I has had a prominent
role in nuclear medical diagnostic applications, both in labeled
compounds and in monoclonal antibodies. With time 123I has
substituted 131I (Mestnik and Mengatti, 1992; Arif et al., 1996), due
to the fact that 123I has the following characteristics for medical
purposes (Legoux et al., 1985; Bechtold et al., 1991), such as:
�
 gamma-ray energy of 159 keV,

�
 half-life of 13.2 h and

�
 no beta emission.
Nowadays, the most commonly used commercial processes for
production of 123I are: 124Xe (p, 2n) 123Cs-123Xe-123I and 124Xe
(p, pn) 123Xe-123I. (Firouzbakht et al., 1987,1992; Venikov et al.,
1991), using xenon enriched 99.9% in 124Xe, and irradiation with
protons (Tárkányi et al., 1991). Looking for improvements in this
production process, an experimental irradiation target was
constructed to carry out studies of the production parameters,
such as gas load pressure, beam current, decay time and target
ll rights reserved.
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heating to recover 123I, in order to optimize our routine
production activities to obtain high-production yield at low cost.

In this work, the following parameters were studied:
�
 integrated current used in each irradiation,

�
 beam current intensity,

�
 xenon pressure, inside the target chamber,

�
 decay time after end of bombardment (EOB)

�
 target assembly gas helium temperature and

�
 heating of the target chamber during 123I recovering process.

2. Materials and methods

The experimental target system was made of copper coated by
a thin layer of nickel. The internal chamber target has a conical
geometry with a volume of 40 ml, which was cooled with de-
ionized water at 18 1C. Two molybdenum foils, cooled by a
compressed flux of helium gas, were set between the target and
the beam line. A collimator was installed in front of the target, to
delimit the irradiation area. Fig. 1 shows a schematic representa-
tion of the experimental target system.

The target system was installed at the cyclotron beam line. The
cooling water and cooling helium circuits were arranged at the
target position, loaded with 124Xe. The cooling helium flows
between the molybdenum windows of the target in a closed
circuit using a compressor. The control of the equipment is made
by pneumatic valves activated during each phase of the process.
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Fig. 1. Schematic representation of the experimental target system, where V1, V2,

V3, V4, V5, V6, V7, V8 and V9 are pneumatic valves; V10 and V11 are manual

security valves; A—manometer; B—124Xe vessel where the gas stays stored;

C—vessel that is filled with H2O, about 40 ml.

Table 1
Some values of EOB activity and 123I yield about 7 h of decay time after EOB

Total dose

(mAh)

Beam

current

(mA)

Time of the

bombardment

(min)

EOB

activity

(MBq)

Yield

(MBq/mAh)

10.5 23.3 27 885.04 88.43

10.0 25.0 24 920.56 87.69

10.0 25.0 24 874.68 87.32
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Fig. 2. Yield of 123I as a function of the decay time, with gas 124Xe pressure

1.6�103 hPa and heating time 15 min at 65 1C. The total dose was about 10.0mAh

with a middle current of 25 mA.
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The irradiations of this work were carried out using an Ion
Beam Applications (IBA; Louvain-la-Neuve, Belgium) CYCLONE-30
30 MeV cyclotron installed at IPEN (Bol et al., 1991). All
irradiations were carried out at a beam current ranging from 10
to 30mA between 20 and 40 min, given an average integrated
current at the target of 10 mAh. After EOB, the target was allowed a
cooling time for the 123Cs to decay to 123Xe and 123I.

The recovery of high-purity 123I adsorbed on the walls of the
target chamber was performed by washing with water. The effects
of the length of time that the water remained inside the target and
the heating temperature were studied. This procedure was made
in order to improve the removing of the 123I from the target wall,
thereby decreasing product losses.
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Fig. 3. 123I removal yield of as a function of the target chamber temperature, with

gas pressure of 1.6�103 hPa, decay time of 7 h and heating time of 15 min.
3. Results and discussion

The obtained results in the first set of experiments are given in
Table 1, where the 124Xe pressure was 1.8�103 hPa and the decay
time after EOB was fixed at 7 h. The target heating time was fixed
at 10 min at 65 1C.

In Table 1, it can be seen that the activity and yield values are
reproducible, proving that the system has a good stability in this
optimization stage.

When the average yields given in the Table 1 of 87.69 MBq/mAh
are compared with the routine productions value of 89.91 MBq/
mAh the difference between them is approximately 2.5%, which is
not significant considering routine production, in which the 124Xe
pressure is normally 2.0�103 hPa.

The experimental 123I yield was determined as a function of
the decay time after the EOB and is given in Fig. 2. The following
parameters were fixed: gas pressure 1.6�103 hPa and heating
time 15 min at 65 1C. In this figure it is observed that for time less
than 13 h, a considerable amount of 123I is lost but when this
decay time increases to about 15 h, stability is reached. These
results are important because it is possible to fix the decay time to
15 h, which increases the 123I yield in 40%.

Fig. 3 shows the variation of the 123I yield as a function of the
temperature target chamber to remove 123I from the walls. In
these experiments, 124Xe pressure was 1.6�103 hPa, decay time
7 h and heating time 15 min.
The temperature influence on the removal of 123I adsorbed on
the walls of the internal target chamber was investigated and it
was observed that, for temperatures from 50 to 65 1C, the removal
of 123I is less efficient than when the temperature is above 65 1C.
When the temperature reaches 70 1C the amount of 123I that can
be removed becomes constant. From this result, we can consider
70 1C as a working parameter.

In relation to the 124Xe pressure, it was observed that this
parameter clearly induces changes in the 123I yield. For these
experiments, the fixed parameters were:
�
 decay time: 15 h and

�
 temperature in the chamber target: 70 1C.
In addition, the integrated current and the irradiation time were
kept constant. In Fig. 4, the variation in the 123I yield as a function
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Fig. 4. Yield of 123I produced as a function of the gas 124Xe load pressure. The

bombardment time was about 30 min with a middle current of 25 mAh.
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Fig. 5. 123I Activity as a function of the beam current intensity. The parameters

irradiation time and gas pressure were found to be about 40 min and 1.8�103 hPa,

respectively.
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Fig. 6. 123I activity as a function of the irradiation time. The gas 124Xe pressure was

fixed at 1.8�103 hPa and the beam current was about 25 mA.
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of the 124Xe pressure inside the target chamber is given. It is
observed that the 123I yield increases with the increase in gas
pressure in a linear relationship. So, for 1.6�103 hPa, 122.1 MBq/
mAh was obtained and for 3.9�103 hPa, 259 MBq/mAh was
obtained. Unfortunately, the gas pressure inside the chamber is
limited by the integrity of the chamber windows. Another
parameter that can damage the windows is the temperature that
can be reached during irradiation; the main factor for this effect is
the beam current intensity.

In Fig. 5, the 123I activity as a function of the beam current is
presented. In these experiments irradiation time was fixed at
about 40 min and the gas 124Xe pressure to 1.8�103 hPa. Here it is
observed that the activity decreases when the beam current
increases. This behavior was expected because at higher beam
current the gas density of the irradiated volume decreases. This
fact occurs because the power (energy and beam current) deposit
in this volume produces gas convection and the molecules
migrate to the walls of the irradiation chamber and fewer
molecules interact with the proton beam (Schlyer et al., 1987).

In Fig. 6, the effect of the irradiation time on 123I production is
presented. Both 124Xe pressure and beam current were fixed. In
this figure, a linear growth of the activity as a function of the
irradiation time was observed for irradiation time up to 5 h.

A close analysis of the parameters beam current, irradiation
time and integrated current suggests the need for a careful
balance among them to obtain optimal operational conditions for
123I production. Other important factors are the 124Xe pressure
and beam current intensity since both are very important in the
preservation of the chamber windows. In this work, these
optimized parameters were found to be:
�
 124Xe gas pressure: 3.0�103 hPa and

�
 proton beam current intensity in the range 55–60mA.
Additionally, some parameters were incorporated in the routine
production and this modification allowed the integrated current
to be decreased from 450 to 350mAh, a reduction of approximately
30% with an associated reduction in the irradiation time and also
in the 123I production cost.
4. Conclusion

For irradiation times between 10 and 60 min, the optimal
decay time for 123I recovery was found to be 15 h, which can reach
40% for shortened irradiation times. The ideal temperature in the
target chamber wall was found to be 70 1C, with a heating time of
15 min.

124Xe pressure has been shown to be an important parameter
for the 123I yield, but care has to be taken together with the beam
current intensity to avoid windows damage. Concerning the decay
time, it was concluded that for short irradiations (20–40 min) this
parameter should be approximately 15 h, avoiding a loss up to 40%
in the 123I yield obtained. The heating temperature parameter for
the removal of the 123I is not frequently mentioned in the
literature. Nevertheless, in this work the 123I yield was influenced
by this parameter and depending on the range of the tempera-
tures chosen, a loss of about 25% occurs. The optimal 123I removal
temperature was 70 1C.

The 124Xe load pressure has shown to be a very important
factor because it affects the 123I yield and because it also has an
influence on the target window integrity. Therefore, care should
be taken to guarantee the operational safety of the system.

To optimize the production of 123I, there must be a balance
between these operational parameters to obtain good 123I yield
with a reduction in production cost.
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