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SUMMARY. The commercial production of radioisotopes for medical applications usually employs
either reactor or accelerator (cyclotron) technology. A main challenge for cyclotron operators is designing
target systems that allow for the irradiation of a variety of materials (metals, powders, foils, liquids, gases,
etc.) at high beam currents. Historically, specialized target systems have been fabricated for producing
specific isotopes. Alternatively, adaptations of existing low current target systems have allowed some
limited commercial scale isotope production but with reduced capacity and inefficient utilization of space
(beamlines) within the irradiation areas. At TRIUMF we have incrementally improved our external solid
target systems to allow up to 1 mA at 30 MeV on electroplated materials. A high current gas target and
various encapsulated targets are also used for medical radioisotope production. We have also designed
and tested a new universal target system that employs many of the advantages of our other targetry but
also allows for high current irradiation of powders, foils and low melting point materials. This system will
enable us to produce commercial scale radioisotopes that were previously difficult to make due to the
problems associated with handling unconventional target materials.

1. INTRODUCTION

Reactors and accelerators have been used for
many decades to produce radioisotopes for
medical applications. Cyclotrons are by far the
most common accelerators used for this purpose
- especially at commercial production facilities
where reliability and efficiency are high
priorities. Modern commercial cyclotrons are
capable of producing in excess of 1 mA @ 30
MeV on a long-term basis. Over the past decade
the mode of operation of new cyclotron facilities
has changed over from positive ion to negative
ion acceleration and, correspondingly, from
internal targetry to incorporating beamlines and
external targetry. With these changes have come
several challenges in the design and performance
of medical radioisotope production targetry.

TRIUMF is Canada's national cyclotron facility
and houses the world's largest negative ion
cyclotron. Also on this site are two other
compact commercial cyclotrons which are used
primarily for commercial radioisotope
production for MDS Nordion, a world-wide
supplier of radiochemicals. The CP42 cyclotron
is a 42 MeV/250 |iA single beam negative ion
cyclotron that has been running for the past 15
years. The TR30 is dual beam (2x500 jiA/30
MeV) negative ion machine installed six years

ago. Together, these facilities enable us to
routinely and reliably produce all of MDS
Nordion's requirements in North America.

2. COMMERCIAL PRODUCTION AND
RESEARCH TARGETS

The environment present at commercial facilities
for the production of radioisotopes is usually
unsuited to that required for truly innovative and
"cutting-edge" research. At TRIUMF, however,
a unique relationship exists between a federal
research laboratory (TRIUMF) and a commercial
producer of radioisotopes (MDS Nordion Inc.)
which does allow for both of these aspects. In
this partnership, the main role of TRIUMF is to
operate the commercial compact cyclotrons, the
associated targetry, and also to produce
radioisotopes on the large 520 MeV main
cyclotron. MDS Nordion subsequently
processes and distributes the radioactive products
to customers.

TRIUMF's expertise in cyclotron and targetry
technology is constantly being applied to
improve the existing isotope production systems.
High current "solid" targetry have been designed
and built (1) to take advantage of new high beam
power cyclotrons. In these systems, the target



materials are electroplated onto a water-cooled
substrate (see Figure 1) for irradiation. Foils can
also be irradiated by attaching them to this
cooled surface. These targetry systems
incorporate automatic remote target manipulation
and control (2), as radiation levels within
irradiation rooms are far too high for manual
operation. The choices of materials and
techniques for the devices used during the
irradiation process reflect the need for protection
against the harsh environments that the targets
are subjected to during routine production.
Recent advances in the design of this system
incorporate radiation-hard materials (usually
metallic) in place of the conventional plastic,
rubber and other components that were
susceptible to radiation and heat damage.
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Figure 1: High Current Commercial Solid Target

The solid targets are limited in beam power to
about 500 |aA @ 30 MeV. Above this level,
electroplated target material becomes dislodged
from the silver substrate due to excessive surface
temperatures (3). By enlarging the surface area
(2) and increasing the cooling substantially
higher beam currents can be endured by this
system. In 1996 the new TR30 cyclotron system
was successfully commissioned with over 1 mA
of beam split equally onto two high current solid
targets.

Gaseous target materials are conventionally
irradiated within sealed chambers having thin
windows to allow beam entry. Figure 2 shows
the appearance of a typical commercial gas target
which may incorporate either a cylindrical or a
conical irradiation chamber. The radioisotope
that is produced is usually deposited on the walls
of the target vessel and subsequently recovered
by washing out into solution.
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Figure 2: Commercial Gas Target for
Radioisotope Production

Another conventional method of producing
radioisotopes involves the use of specialized
encapsulated targets for irradiating metals or
compacted powders. On the main 520 MeV
cyclotron at TRIUMF this method is used to
produce 82Rb/82Sr both at 70 MeV from rubidium
(4) and at 470 MeV by spallation from
molybdenum (5).

Research into new and alternative methods of
producing medical radioisotopes has resulted in
the design and construction of an encapsulated
target (6), shown in Figure 3, employing
tellurium oxide to produce radioiodines via the
(p,n) reaction at 13 MeV. This method of
production is attractive because of the resulting
high purity of the desired radioiodine and also
because of the potential to use local low energy
accelerators such as PET cyclotrons. The
enriched tellurium oxide target material is
encapsulated within a stainless steel container by
a thin nickel window. Beam striking the target
material produces various radioiodines that leak



out of the target substrate (usually the target
material is hot enough to melt) and these are
swept away during the irradiation process ("on-
line" production) by a stream of helium gas into
an external cold trap. Alternatively, after the
irradiation is complete a heater can be employed
to melt the target material and extract the
escaping radioiodine molecules in the helium
stream ("batch" production). Development and
testing of this target system is still being
undertaken. It is anticipated that beam currents
in excess of 100 \iA should be possible.
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actuator that thereby completes a water channel
to cool the back of the disks during irradiation.
Materials can be either encapsulated within the
body of the disk and covered by a thin window
(for irradiating powders, foils and fluids) or
simply electroplated onto the disk surface in the
conventional solid target manner. Additional
cooling can be provided by placing another thin
window in front of the target under which a
forced flow of helium gas can pass. To
determine the performance of this system a
prototype target was constructed and tested with
beam currents of up to 200 |̂ A at 30 MeV.
Surface temperatures were measured and
compared with a computer simulation (8).
Results indicate that beam currents similar to
those routinely used on the individual specialized
target systems should also be possible on this
composite target system. It is planned to use this
new encapsulated target system for research into
the production of new radioisotopes while also
allowing for the routine production of
established commercial products.

Figure 3: The
Encapsulated Target
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3. UNIVERSAL TARGET SYSTEM

As discussed above, the targets used to produce
commercial radioisotopes are varied and often
specialized for individual target materials and
products. The production and operation of so
many different target systems is difficult and
time-consuming so it clearly would be very
desirable for most (if not all) of these irradiation
methods to be incorporated into a single target
system. For this reason, a universal encapsulated
target system (see Figure 4) has been designed
and a prototype target has been tested. This
system (7) uses many components of the existing
target systems at TRIUMF since these have been
refined over the years to the point of providing
long-term reliable high beam current operation.
The transfer of targets from hot-cells to the
irradiation rooms uses the conventional
pneumatic system. The disk-shaped targets are
removed from the shuttles and placed in the
irradiation chamber by a manipulator and an
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Figure 4: The Universal Encapsulated Target
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