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ABSTRACT

A substantial amount of high enriched uranium (HEU) is used
for the production of medical-grade ^Mo. Promising methods of
producing irradiation targets are being developed and may lead to
the reduction or elimination of this HEU use. To substitute low
enriched uranium (LEU) for HEU in the production of "Ho, the
target material may be changed to uranium metal foil. Methods of
fabrication are being developed to simplify assembly and
disassembly of the targets. Removal of the uranium foil after
irradiation without dissolution of the cladding is a primary goal
in order to reduce the amount of liquid radioactive waste material
produced in the process.

Proof-of-concept targets have been fabricated. Destructive
testing indicates that acceptable contact between the uranium foil
and the cladding can be achieved. Thermal annealing tests, which
simulate the cladding/uranium diffusion conditions during
irradiation, are underway. Plans are being made to irradiate test
targets.

INTRODUCTION

In the medical field, ^"MO is a very important isotope in the medical
field. It is used in nuclear medicine and in chemical and biological
experiments as tags or tracers for the diagnosis of illness and study of
chemical reactions. Because of the short half-life of this isotope,
production must be continuous.

The °°Mo is made by irradiating a 235y target and is chemically extracted
from the resulting mixture of isotopes. The ^Tc ^s a decay product of ^Mo.
Current methods use many high enriched uranium (HEU) targets for production of
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" M O . 1 If low enriched uranium (LEU) is used with the current electroplated
UO2 design, the required increase in UO2 thickness to maintain the ""MO yield
is beyond the acceptable fabrication limit.

To overcome this limit, a new design consisting of a Zircaloy- or
aluminum-clad uranium metal foil of 0.13-0.25 mm ( ~0 .005-0 . 010 in.) thickness
was proposed as the target.

The following criteria are applied to potential target designs:

Simplicity of design so that the process will be generally accepted
by current and future producers of ^Mo.

• Ease of assembly so that no large capital costs for equipment are
required.

• Ease of remote disassembly of irradiated targets to minimize
processing time and costs.

• Good heat transfer properties to guarantee removal of fission heat
from the uranium foil.

• Ease of removal of the uranium without a chemical process. This will
reduce the amount of mixed waste produced in the ^9Mo extraction.

This paper describes the fabrication effort when LEU metal is used as the
target material.

EQUIPMENT AND EXPERIMENTAL PROCEDURES

A schematic drawing of the existing HEU design is shown in Fig. I.2 It
consists of a stainless steel tube onto which UO2 is electrodeposited. The
target is sealed by welding and a port is attached to allow addition of nitric
acid to remove the "°Mo after irradiation. The basic premise was to change
the physical dimensions as little as possible for the LEU design; thus
proposed designs consist of tubes inside tubes, with the uranium foil held
between. Six possible methods to achieve good contact (essential for heat
transfer) were proposed:

1. Hot isostatic pressing (HIP).

2 . Cladding of metals with different thermal expansion coefficients.

3. Mechanical expansion of a plug inside a tube.

4. A draft or taper on the parts to be assembled.

5. Conventional swaging or drawing.

6. An outer split-ring tube.

The advantages and disadvantages of these methods are summarized in

Table 1.
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Fig. 1. Current Design of High-Enrichment-Uranium Primary Target for 99Mo

Production

After evaluation of the designs, two methods appeared to have the best
possibility of meeting the design goal. It was decided to fabricate prototype
targets of the tapered plug/thermal expansion design and the split outer-tube
design.

The key requirement, i.e., good uranium/cladding contact, would be
measured by metallography. Thermal treatments of prototype capsules were used
to simulate irradiation-enhanced diffusion. Destructive examination was used
to help evaluate ease of uranium removal.

RESULTS AND DISCUSSION

Tapered Plug/Thermal Expansion Target

The tapered plug/thermal expansion target consists of an outer Zircaloy
tube closed at the bottom, an open-ended aluminum inner tube, a 0.13 mm (0.005
in.) uranium foil, and a Zircaloy top closure plug, as shown in Fig. 2.



Table 1. Possible Methods for Fabrication of LEU Targets for "9Mo Production

Method of Assembly Advantages Disadvantages

HIP

Differential Thermal
Expansion

3 Mechanical Expansion
Plug

4 Tapered Plug

5 Swage and Draw

6 Split Outer Tube

Excellent uranium/
aluminum contact

Simple

Simple

Simple

Excellent uranium/
aluminum contact

Very simple.
Excellent uranium/
aluminum contact

Costly, slow, high
initial equipment
costs

Expansion due to DT
insufficient.
Possible water
condensation in gap
after assembly

Costly, difficult to
seal

Scale-up to full size

High initial equipment
costs. Difficult to
separate. Application
of uniform pressure
before welding

High initial equipment
costs. Difficult to
separate. Application
of uniform pressure
before welding

The tubes are tapered to facilitate assembly, and the degree of taper may
need to be optimized. The top closure plug is pressed down on the inner tube
and welded to the outer tube under load to ensure maximum tightness. The
target can be disassembled by cutting off the top plug and pulling out the
inner tube and the uranium foil. The taper will assist this operation. A
tapered tube could most likely be made by conventional machining or swaging.
Positioning of the uranium foil is ensured by a machined recess in the inner
tube.

The key feature of this design is the difference in thermal expansion
coefficients of the various components. These are =8 x 10~"^°C for Zircaloy,
10 x 10~6/'°C for uranium, and 25 x 10~6//oC for aluminum. The lower thermal
expansion of the outer tube results in approximately 0.08 mm (0.003 in.)
interference at 100°C, which improves mechanical contact and thus thermal
conductance. The tube thickness can be designed to keep the deformation
(resulting from the interference) in the elastic range to prevent development
of gaps in case of thermal cycling during irradiation.
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Fig. 2. Tapered Zircaloy-Aluminum Target with Uranium Foil for
Production

99Mo

The Split Outer Tube Target

The split outer tube target assembly consists of four components, as
shown in Fig. 3.

A standard-size 6061 Al tube, 76.1 mm in length, 2.1 mm wall thickness,
and 28.6 mm outdide diameter (3 x 0.083 x 1.125 in.), is used as the inner
piece. A 63.5-mm-long (2.5 in.) centered recess is machined into the outer
surface of the tube to a depth of 0.10 mm (0.004 in.). A strip of 6061 Al
63.5 x 6.3 x 0.10 mm (2.5 x 0.25 x 0.004 in.) is tack-welded on the inner tube
as back-up material for the seam weld. The target material is a 63.5 x 81.2 x
0.13 mm (2.5 x 3.2 x 0.005 in.) section of uranium foil. This sheet is
cleaned by chemical etching and then wrapped around the inner tube in the
0.10-mm-deep center section. The outer split tube is made by roll-forming a
76.1 x 96.4 x 2.1 mm (3 x 3.8 x 0.083 in.) 6061 Al sheet, slipping it over
the above three pieces, and clamping it to close the gap. After tack-welding,
the joint is seam-welded down its entire length, including the end surface of
the sheet. Two welds on the ends of the assembly complete the sealing of the
capsule.
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Fig. 3. Split Outer Tube Target with Uranium Foil for 99Mo Production

Fig. 4. Cross Section of Tapered Zircaloy-Aluminum Target <=50X)



The key feature of this design is the simplicity of assembly and
disassembly. The process would be easy to set up because the only equipment
required is an arc welder. A mechanical jig to keep the assembly in
compression would also have to be designed, but this is not expected to be a
complex or costly endeavor.

Capsules of each design were heated at 400°C for 8 h to establish whether
diffusion bonding occurs. After this heat treatment, a section through the
simulated fuel zone was made and mounted for metallographi.c examination.
Other samples were disassembled and the- fuel was removed.

Figures 4 and 5 show the metallographic section at = 50x and =200x.
Contact between the cladding and the uranium appears to be good.

There is no apparent evidence of interdiffusion of uranium and capsule
material in either sample. This is not surprising, because experience with
diffusion experiments shows that extraordinary surface preparation is needed
to effect a good diffusion bond. Some oxide likely remains on the foil and
capsulo surfaces after chemical cleaning, and a email amount of air trapped in
the assembled samples would add to surface oxidation of the rather reactive
metals used. However, interdiffusion may yet occur under actual irradiation
conditions, principally as a result of recoil damage at the foil/capsule
interface. The controlled application of a diffusion barrier by, for example,
anodizing or nitriding the capsule surfaces is being tested.

Figures 6 and 7 show examples of disassembled target samples after heat
treatment.

Fig. 5. Cross Section of Split Outer Tube Target (=200X)



L
Fig. 6. Tapered Zircaloy-Aluminum Target after Disassembly

Fig. 7. Split Outer Tube Target after Disassembly



The uranium foil was easily removed from both target designs.
Disassembly of the tapered-tube type required approximately the same force
that was necessary for assembly, indicating that good contact remained during
the test. No plastic deformation of the outer tube was measurable.

SUMMARY AND CONCLUSIONS

The preliminary results are sufficiently encouraging that a possible
irradiation site for 1/3-1/2 size targets is being sought. If the results of
these irradiations are positive, scale—up to full-sized targets must be
demonstrated. The ultimate success of these concepts will depend on the
irradiation test results of full-sized prototype targets.
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