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ABSTRACT

Highly enriched uranium (HEU) is used for Mo-99 production at CRNL.
Dissolution of the targets and loading of the solution onto AI2O3 columns
is discussed. Development work continues to reduce processing time and
overall product cost. A process for treating the fission product waste has
been selected and a facility for processing is being designed.

Low enriched uranium (LEU) is planned for targets eventually.
Our experience with Si-based fuel for targets is poor, and alternatives are
being sought.
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1. INTRODUCTION

The production of crude Mo-99 at CRNL has grown tenfold over the past
ten years. The process is based on that developed at Brookhaven [1] in the
1950's, but a large experience base has built up which is in itself a
valuable technology. The Mo-99 is purified via a proprietary process by
the AECL Radiochemical Company before it is used in Tc-99m generators.

Development has focussed partly on cost reduction. Interim waste
treatment is being postponed by tank storage, and work is underway to
apply processes that have been developed to treat this waste. Finally,
replacement of the uranium from 93% enriched in U-235 to 20% enriched in
the fuel is anticipated and its influence in the process studied.

2. CURRENT PROCESS

The target is made from U-Al fuel core, the same as used in NRU
reactor fuel. Figure 1 shows a photograph of the 15 cm long target with
its outer coat of Al with fins, and the target mechanically stripped ready
for dissolution.

The targets are assembled into fuel strings and irradiated at a
thermal neutron flux 2-3 x 10 n/cm *s for a scheduled period. Figure 2
shows that the Mo-99 content of a target reaches maximum at about 13 days,
for the flux conditions noted.

The recovery process for Mo-99 is outlined in Figure 3. After a short
cooling period, the target is stripped and dissolved initially in dilute
HNO3 which contains Hg(NO3)2 to assist Al dissolution. Concentrated HNO3
is added part way into the dissolution to achieve a maximum dissolution
rate. The dissolution is rapid and violent. Figure 4 shows the
dissolution of 4 unlrradiated targets, 15 minutes after the dilute acid was
added. Foaming into the reflux condenser is typically observed in glass
oiiuipment in the laboratory. About one hour is reserved for dissolution.
Water is added to the solution for pH adjustment at the end of the
dissolution.

The solution is drawn by vacuum through a glass column containing
preconditioned AI2O3. The flow rate is monitored closely to prevent
channelling of load solution through the bed. Several loadings may be
made, depending on the number of targets dissolved.

The column is rinsed with dilute HNO3, water, then dilute NHi+OH before
recovery of the Mo-99 by elution with 1 H NH^OH. This product is counted
by a shielded detector located outside the hot cell, and then shipped to
the AECL Radiochemical Company for further purification and distribution.

Waste solution at a predetermined pH and uranium concentration is sent
to a 24 000 L tank for storage.



3. PROCESS DEVELOPMENT

Targets, processing, and waste treatment will be discussed.

3.1 HEU Targets

There has been little need for target development. A proven fuel
design was used and other than making targets long (to their present
length) to get more target length into a given length of reactor core, no
work has been necessary.

However, aluminum is the major component of the targets, both in the
U-Al alloy and in the cladding, so it is a major waste product. The
aluminuf.i dad is stripped mechanically to within a millimeter of the core.
Complete removal of the clad is not attempted to avoid gouging the U-Al
core and loosing the Mo-99. Cutting wheels were used in the laboratory on
unirradiated targets to remove clad completely by stripping lengthwise, as
shown in Figure 5. Unfortunately, irradiation of the target makes the clad
bond very firmly to the U-Al core and the clad cannot be removed this way.
A suitable coating for the core that would prevent this bonding may be
possible, but this has not been pursued.

3.2 Process Development

Process development has had two goals:

(i) decreasing processing time
(ii) maximizing Mo-99 recovery.

Presently, eight targets are dissolved together in the dissolver. The
•iLssolver diameter has been limited to less than 15 cm for criticality
concerns. Dissolving more targets per batch using the current dissolution
recipe causes foaming past the condenser into off-gas scrubbers. Thus,
*lo-99 is lost. The dissolution rate depends on the volume of dilute HNO3
used to start the reaction and can be controlled also by the addition rate
of the concentrated acid. This avoids foaming through the condenser. The
current tall stainless steel dissolver has a water jacket for additional
control of the reaction. Maintaining the cooling water flow throughout a
dissolution gives a black solution due to UAlit particles still undergoing
dissolution. This solution plugs the AI2O3 column quickly. Eventually,
the particles dissolve and processing can begin.

The overall processing rate is currently limited by the flowrate
through the AI2O3 column. Doubling the rate gives channelling through the
bed. A larger diameter column with more AI2O3 does not channel at the
higher flow rates, but there is irreversible sorption of Mo-99 on the AI2O3
and this loss goes up with more AI2O3 in the bed. A column with a large
cross section for flow, but with a shorter path length so that the quantity
of AI2O3 does not change may be acceptable but has not been tried. An
alternative is to reduce the volume of load solution by reducing the



quantity of dilution water added to the dissolver. This approach has been
successful; loading rates have remained unchanged but the quantity of
solution loaded has been reduced.

Measured Mo-99 recoveries are compared with prediction of the amount
that should have been in the targets. This prediction takes reactor flux
and shutdowns into account. Ratios of actual yield to theoretical yield
were often less than 50%. However, mass balances were made around the
process by actually taking highly diluted solutions out of the processing
cell. These balances showed yields were near 90%, thus the computer code
is in error but still used as a guide; inadequate knowledge of the thermal
neutron flux along the targets is thought to be the problem.

Laboratory work showed that load solution pH should be the single most
important variable affecting yield. Figure 6 shows that a too acidic
solution gives poor retention (leakage) on the AI2O3 column with Mo-99
found in the load solution after it has gone through the column, and with
fiKed irreversible adsorption on the AI2O3 that elution with NHi+OH cannot
remove. The conductivity of the eluted solution is measured after passing
through the AI2O3 column. Experience with the dissolution process gives a
solution conductivity that varies little from run to run and the
dissolution recipe has been optimized to give maximum Mo-99 recovery.

Despite these efforts to increase process efficiency, there are
occasional process upsets. One major one is the occurrence of some
partially dissolved targets after one hour of dissolution. Clearly, their
dissolution rate is lower than other targets from the same rod, or all the
targets in a rod may be affected. Undissolved targets are recycled to the
next dissolution and those after the last dissolution are disposed of, thus
their Mo-99 is lost. Tests on irradiated NRU fuel taken to 90% burnup
show a very low dissolution rate. These tests were extended across the
range 0 to 90% burnup and give the results shown in Figure 7. A small
Increase in burnup of Mo-99 targets can lower their dissolution rate
dramatically. The mechanism has yet to be determined, and more data are
aeeded to define the steep portion of the curve.

3.3 Waste Treatment

The treatment of the highly radioactive fission product solution after
Mo-99 recovery has been a major concern. Early attempt to recover the
uranium by column adsorption were stopped because of crlticality concerns;
there was a relatively poor uranium mass balance around the process. Then,
for many years the solution was cemented in 20 L pails and stored below
ground. This waste poses a problem for eventual disposal because of the
highly enriched uranium present which will likely have to be recovered.
Laboratory tests have demonstrated 99% extraction of uranium from simulated
cemented waste. These tests are the basis of a process that could be
developed.



Currently, the waste solution is stored in a large tank, with
sufficient capacity for five years of liquid. A hot cell is planned in
which mixer-settlers will be used to recover the uranium using the Purex
process. Campaigns are planned in which two years would be used for
uranium recovery, then glass-making equipment would be installed to vitrify
the waste from the Purex process to give a sodium borosilicate glass with
20 wtS AI2O3 and a small fission product content. The latter process has
been demonstrated on fully radioactive solution and is being scaled up. An
alternative to vitrification is extraction of saleable radioisotopes such
as Cs-137, Sr-90, Pm-147, Ce-144 and Ru-106 which will be added to AECL's
list of radioisotope products. The waste would then be suitable for
Mr.u(7iini.zation in the existing facility at CRNL. Extraction processes for
the latter four radioisotopes have been developed and used on such
solution. An ion exchange process for Cs-137 recovery seems likely.

4. LOW ENRICHED URANIUM (LEU) TARGETS

The supply of HEU (93% enriched U— 235) for research reactors such as
NRU will eventually be curtailed by the U.S. For that reason, fuel for
reactors is being developed using LEU (20% enrichment) as the alternative.
To keep costs down, LEU targets for Mo-99 production should use reactor
fuel. A fuel for NRU is being tested using uranium-silicon alloy powder
that is mixed and alloyed with Al to give U3SiAl. The Si reduces core
swelling at the high uranium burnup necessary for reactor fuel.

Targets were made from this fuel and they dissolved in the laboratory
normally. The Si formed a fine slurry of SiO2. These particles were
removed using ordinary paper filter to prevent plugging of the AI2O3
column. Recovery of Mo from Mo-99-traced solution was ^s high as with the
usual UA1 targets. However, irradiation of the LEU targets produces a much
smaller SiO2 particle that is not filtered effectively by paper. Filtered
solution still plugs the AI2O3 column eventually. Recovery of flo-99 from
the column is relatively poor, sometimes only 50% of that expected from HEU
Y)\l targets. Adsorption of Mo-99 on the S1O2 surface is suspected for the
poor recoveries. This was not detected in the laboratory, perhaps because
the surface area of the S1O2 from irradiated fuel is much higher than from
unirradiated fuel. Even if the SiO2 could be removed from the load
solution, the loss of Mo-99 by adsorption of the SiC>2 would be unacceptably
high.

Alternative LEU targets are being sought. Since Mo-99 targets need
only go to low uranium burnup, the need for Si is questionable. A U/Al
core has baen made from finely powdered uranium metal dispersed in
aluminum. A second one was made with a UO2/AI core. These cores will be
processed in the laboratory to check for difficulties with dissolution and
Mo-99 recovery. If satisfactory, targets will be made with LEU and
processing done after irradiation.



5. SUMMARY

Processing of HEU targets at CRNL has been reviewed. Targets are made
from fuel prepared for NRU reactor. Dissolution after irradiation usually
yields clear solution after one hour, but a UAI4 slurry or undissolved
targets are sometimes found. The latter may be caused by a higher burnup
than normal.
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Figure 1: Mo-99 Targets (HEU)
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Figure 4: Dissolution of Four Targets: 9 = 15 mins.
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