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TECHICAL MEETING ON CYCLOTRON PRODUCTION 1-123

8-10 AUGUST 2001.

ARGENTINA CYCLOTRON FACILITY

The Production Cyclotron Facility, installed at the Ezeiza Atomic Center, started its
operations in 1994. The principal function is the production of radioisotopes It is
isochronous cyclotron model CP-42, manufactured by The Cyclotron Corporation
company; and further modified in Germany by Kraftanlagen Heidelberg. The cyclotron
accelerates H" up to 42 MeV of energy with a maximal current of 200uA. It is possible to
select the energy of the proton-beam between 25 and 42 MeV and through an extraction
system, a beam line and a switching magnet, transport it towards 3 irradiation rooms.

In 1999, in the frame of a Project of Technical Assistance with the International
Atomic Energy Agency (IAEA), some cyclotron improvements were made, increasing the
initial maximal current from 100 to 200uA. Also the software control system of the
accelerator operation was modified (the original PDP-11 computer was replaced by a PC).

At present, the cyclotron is used for Tl-201 production; F-18 and 1-123 production
will be incorporated during this year. Regarding to Tl-201 production, a radiochemical
process was developed: the Tl-203 target is irradiated with a lOOuA proton beam (29 to 18
MeV) during 14 h; 2000mCi of Tl- 201 are obtained at EOS.

Concerning to 1-123 production, a system for the irradiation of a gaseous target has
been developed in the frame of a Project of Technical Assistance with IAEA (ARG4085).

A system for the production of F-l 8 and the synthesis of F18DG was also developed.
Finally, the cyclotron is used for other special applications, such as the study of neutron
damage in semiconductors used in satellites and grafting by proton beam.

CONSIDERATIONS ON GAS TARGET DESIGN.

For the design of a target, the first choice that must be made is the which nuclear
reaction is going to be used to produce a given radionuclide.
This depends on the energy of the cyclotron, the particles available and the specific activity
required for the chemical processing.



The body target has six parallel ducts; a ring-shaped system allows water circulate
through them from inside towards outside by the outer duct. That system allow to remove
the amount of heat generate during the irradiation is removed.

The water distributors are pieces machined with a conical cavity in order to mix the
water; these pieces have six holes to connect with the target channel ducts, the cold water
enters by the external distributor and the heat water goes out by the internal distributor.

Is very important to point out that, in this kind of design, the target temperature is
the same in the azimuth plane.

Over its external surface, the target body has four cavities to house four resistances
in order to elevate the temperature during the iodine washout process.

Two little orifices situated on both side of the target allow target loading, before the
irradiation, and exit solution to the hot cell after a decay time

TARGET DIMENSIONS.

Length:
External Diameter:
Xe-124 Chamber Diameter:
Chamber Deep:
Chamber Volume:

FOIL

264.5 mm
92.0 mm
20.0 mm
250 mm
78.53 cm3

SYSTEM

The target window has two havar foils, one with 50 urn of thickness (nearest the
target body) and another with 25 um. The system is prepared for He-cooling in case it were
necessary to increase the beam current beyond 50 uA,.

The foils are assembled allowing a safety volume in front of the target. The system
foil consists of two foils, and each foil is placed between two pieces of aluminium.

In order to irradiate the gas target, the beam has to pass through the safety volume;
in case the target foil were ruptured during the irradiation, the gas would expand into the
safety volume and then would be recovered via a cryogenic process in one storage vessel.

If the second foil ruptures at the same time, the gas would expand into the
diagnostic box, the collimator box and the beam line. In order to prevent the gas expanding
until the pumping system, the collimator box has a sensor that triggers a signal to a fast
closing valve, which shut down the beam line in 12 msec. Residual gas can be removed
cooling the target with cryogenic system.

IRRADIATION SPECIFICATIONS

The iodine production system delivers an ultra pure radioisotope, via these nuclear
reactions:

124Xe(p,2n)123Cs -* 123Xe -* 123I
124Xe(p,pn)123Xe-»123I



The nuclear reaction for the production of a radionuclide will determine the
optimum energy. Once the energy has been chosen it is necessary to calculate the thickness
of the target in order to reduce the energy up to the optimal values according the yield of
the principal and secondary reactions.

If high beam currents are to be used, the density reduction in the target beam must
be considered, as well as the increase of the pressure into the target.

It is convenient to design the target body with a conical form in order to minimize
the amount of gas used, considering all scattered beam. The scattering distribution is
determined by the foil material and beam energy. The cost of a conical target must be also
considered because it is more expensive than a cylindrical one.

The distribution of space angle "cp" between the incoming and outgoing direction of
a particle passing through a thing foils, result of a multiple scattering, must be take account
for the target design.

In this sense there is a variety of computers program to estimate the scattering angle.
For instance for 26.6 MeV of proton beam over Havar or Aluminium foil, the experimental
determined scattering angle are the follow.

Foil Thickness (mg/cm2)
20
40
20
40

Foil Material
Havar
Havar
Aluminium
Aluminium

Scatter angle
0.45°
0.60°
0.34°
0.49°

DESCRIPTION.

The target for 1-123 production, has been manufactured in aluminium of high
quality with the following characteristics:

Material Name: Alumee 89
Manufactured: British Aluminium Limited
Thermal Conductivity: 165W/°C (25°C)
Specific Heat: 890J/Kg°K
Brinell Hardness: 180-200 Hb

The cylindrical shape target consists of a Nickel-Plated chamber to lodge the Xe-
124. This chamber is sealed by a system of double foil in the beam line direction, with a
safety volume between both foils.

In order to distribute the cooling water during the irradiation, two pieces are situated
at the back of the target On the bottom side, there is a piece that holds the target system in
work position.



A Siemens Simatic S-5 system controls the entire process: from 124Xe loading until
iodine solution transference into the hot cell. For this a controller system was developed.
PRODUCTION PARAMETER

Particle proton
Energy 25-30 MeV
Irradiation time 5 hs
Target pressure 4.5 bar (without beam)
Moles Xe-124 0.0147
Volume Xe-124 329 ml
B earn current 5 0 uA
Batch size 2.3Ci

RADIOGHEMISTR Y PROCESS

The radiochemical unit contains: ten port Rheodyne valve, double programmable
Gilson pump 402 model (one of them outside the hot cell and the another inside the hot
cell), dose detector, reservoir for the wash water and Peek tube 1/16".

Outside the hot cell, the external pump is connected to a manifold which permit to
select different reactives (water, NaOH 0.01M, ethanol) that sends inside the hot cell at
programmable volume and flow. Ten port RJbeodyne valve selects different pathways in
very simple system.

The Gilson internal pump is used to take out the target wash water and load the ion
exchange column. The external pump wash the column, elute 1-123 and rinse the unit.

A Visual Basic control program running in a PC was developed in order to control
all 1-123 automatic process.

DESCRIPTION.
1- Take out the wash water . Rheodyne valve in position "A", the iodine solution is

sending to the hot cell after the wash water, the internal pump take out the water
from the target to a vial in the radiochemical cell at high flow. A radiameter
measure the 1-123 dose, this value is register in the radiochemical program file.

2- Column load. Rheodyne valve in position "B", the internal pump take the liquid
and pass through the column at 1.5 ml/m. Anionic compounds are retained in the
Bio-Rex 5 resin while cationic impurities as a metal traces from the target body,
goes to the liquid waster reservoir. A radiameter measures the 1-123 dose and is
register in the radiochemical program file.

3- Column washing. Rheodyne valve in position "A", the external pump sends water
to the column selected from the manifold valve. This liquid is discarded.

4- Iodine elute. Rheodyne valve in position "B", the external pump selects NaOH
from the reactive manifold and send to the column at low flow of 0.5ml/m, the dose
detector measure the dose in the line out, the high activity concentration is collected
, (2000-3000ul) obtaining the 1-123 batch.



5- Rinse the radiochemical unit. At the end of process, the last step is used to wash all
the tubing, column and valve. First with NaOH ,then employed ethanol and finally
water.

CONTROL SOFTWARE.
The system has been developed on Visual Basic 3.0. It allows to run the program

automatically to obtain 1-123 and another programs in the workstation at the same time.
The software was thought to minimize the radiochemical operators actions during the
process and to reduce the radiological dose.

The principal windows shows the different steps of the process, and also allows the
control over the components and equipment. It is possible too a manual control if it is
necessary.

Each step after the process can be seen and printed at any time.

HOT CELL

The iodine production hot cell, is divided in two compartments. One of them for the
radiochemistry process and the other one in order for the fractioning of the iodine solution
in glass vials.

Hot cell size. 2200x1260x1100 mm
Lead shielding. 50 mm
Lead window. 5 (4x <j)=l 40mm, 1 x (j)=210 mm)
Manipulator. 2

OPERATION CONTROLL SYSTEM

The operations to be done for the routine production employed a Simatic System.

PROCEDURE

• 1 - Target preparation
• 2- Irradiation
• 3- Decay
• 4- Storage the Xe-124 after irradiation
• 5- Washout the target
• 6- Drying the target
• 7- Xenon purification
• 8- Xenon recovery by ruptured of any foil
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COMISION NACIONAL DE ENERGIA ATOMICA
INTERNATIONAL ATOMIC ENERGY AGENCY

PROJECT N° ARG-4085
PRODUCTION FOR ULTRA PURE I123

TARGET MATERIAL CHARACTERISTICS:

Material Name:
Manufactured:
Thermal Conductivity:
Specific Heat:
Brinell Hardness:

Alumec 89
British Aluminium Limited
165 W/°C (25°C)
890 J/Kg °K
130-200 Hb

TARGET DIMENSIONS:

Length:
External Diameter:
X124 Chamber Diameter:
Chamber Deep:
Chamber Volume:

264.5 mm
92.0 4nm
20.0 mm
250.0 mm
78.53 -cm3

FOILS SYSTEM:

Number of foils:
Material:
Thickness:

2
Havar
50 u and 1$ u



COMISION NACIONAL DE ENERGIA ATOMICA
INTERNATIONAL ATOMIC ENERGY AGENCY

PROJECT N°ARG-4085
PRODUCTION FOR ULTRA PURE I123

MULTIPLE SCATTERING OF CHARGED PARTICLES:

l

Particle:
Energy;

Foil Thickness

20
40
20
40

proton
26.5 MeV

(mg/cm2) Foil Material

Havar
Havar
Aluminium
Aluminium

Scatter

0.45° *
0.60° *
0.34° *
0.49° *

Angle

0r66°
0,94°
0.43°
0,62°

**
**
**
**

(• ) D.J. Schlyer and P.S. Plascjak
(**) Employing the theory of B.P. Nigam, M.K. Sundaresan and T.Y. Wu
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