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SUMMARY Two improved processes of Molybdenum-99 production have been developed on
laboratory scale. The first one allows to purify Mo of natural isotopic composition from tungsten
impurities by using preferential adsorption of tungsten on hydrated tin(IV) oxide SnO2 x nH2O
before irradiation in the nuclear reactor. The second process deals with the extraction of pure fission
product Mo-99 from irradiated in the reactor U-235. Two versions of separation process for
production of fission Mo-99 have been developed. Both versions starting with the dissolution of U-
235 target in nitric acid are based on sequential use of alumina- and anion exchange resin AG1-X8-
columns. The yields of Mo-99 in both versions are 80-85%.

1. INTRODUCTION

Two different processes are generally used for
molybdenum-99 (Mo-99) production as a
source of medical technetium-99m (Tc-99m,
6 h half-life). The first one is the direct
neutron activation of molybdenum in nuclear
reactor; the second one is the extraction of
pure fission product Mo-99 from irradiated in
the reactor U-235.

This paper deals with the following processes
developed on laboratory scale: 1) the method
of purification of Mo of natural isotopic
composition from tungsten (W) impurity
which causes the contamination of the final
Tc-99m product with rhenium-188 (Re-188,
16.8 h half-life) - radioactive daughter of W-
188; 2) the improved method of separation of
fission product Mo-99 from uranium targets.

2. PURIFICATION OF MoO3 FOR
PRODUCTION OF "INSTANT" Tc-99m

Production of "instant" Tc-99m from Mo-99 is
based on solvent extraction technology.
Briefly, irradiated M003 target is dissolved in
10 M KOH and Tc-99m is extracted with
methylethylketone (MEK). The first batch of
Tc-99m obtained in this way is usually
discarded as it contaminated with rhenium
isotopes Re-188 and Re-186 (90.6 h half-life)
formed during irradiation from Re-187 and
Re-185 impurities, respectively. These
particular contaminants should not present a

problem as an efficient extraction procedure
(shaking of KOH-MEK phases for ~3 min)
allows to extract 98-100% of radiorhenium.

However, there is another source of Re-188
radiocontaminant which has to be dealt with.
As the starting material M003 contains
considerable amounts of tungsten impurity
(> 60 ppm), 5-7 days irradiation in HIFAR
(High Flux Australian Reactor) results in
generation of W-188 which decays to Re-188.
In practice this pair forms a generator system
within the irradiated Mo which, because of the
chemical similarity between the elements,
causes Re-188 to be repeatedly extracted with
Tc-99m. As the half-life of W-188 is
considerably longer (69.4 days) than that of
Mo-99 (65.9 h), the percentage of Re-188 in
Tc-99m product will be rising from batch to
batch.

To overcome this problem, method of M0O3
purification from W based on preferential
adsorption of W by hydrated tin (IV) oxide
(SnO2 x nH2O) (Semenov et al, (1)) has been
developed. SnO2 x nH2O was synthesized by
reacting 1M solution of SnCl4 with 28%
NH4OH, washing the precipitate with water,
drying at 70°C, and grinding to obtain the
particles with 0.1-0.3 mm diameter. Once
prepared, SnO2 x 11H2O can be stored for up
to 1 year. 1 L of 0.7 M solution of
(NH4)2MoO4 spiked with W-I87O42- as a

tracer of W contents was stirred at pH=8 - 9



with 8 g of SnO2 x 11H2O. In 2 h 20% of W
was removed from solution, in 4 h - 34%, in
7 h - 41%, and 24 h - 90-95%. The solution of
(NH4)2MoO4 was filtered from SnO2 x
nH2O through the sequence of Whatman N 1
filter and 0.22 \i filter under suction, followed
by precipitation of MOO3 by careful addition
of cone. HNO3. The precipitate was washed
with water, dried at 100°C and calcinated at
400°C for 6 hours. The contents of W in
MoO3 purified by this technique became
< 10 ppm according to ICP-MS and neutron
activation measurements.

3. SEPARATION OF FISSION PRODUCT
Mo-99

In a second process Mo-99 is obtained as
a product of the neutron-induced fission of
uranium-235 (U-235) and has to be separated
from other fission products through multi-step
procedure.
Two versions of separation process for
production of fission Mo-99 have been
developed on laboratory scale. Both versions
are based on sequential use of alumina- and
anion exchange resin AG1-X8- filled columns
for purification of Mo-99; they start with the
same steps of: U-235 target dissolution in hot
8 M HNO3, its dilution to 0.5 M HN03 and
retaining of Mo-99 on a large alumina column.
The column is washed with water and diluted
NH4OH. Mo-99 is stripped off the column
with 200 mL 1 M NH4OH followed by loading
this solution onto the AG 1X8 column. 5-7 mg
of NH4I spiked with 1-123 was added to Mo-
99-containing solution before loading onto the
AG 1X8 column in order to monitor the
behaviour of radioiodine contaminants. The
next steps are different for each version of
separation process.

Version 1. The AG 1X8 column is washed
with water and Mo-99 is eluted with 200 mL
of 1 M HNO3. 94% of Mo-99 is recovered
from the column during this stage (65% is
recovered in the first 40 mL of HNO3). 25% of
initial iodine amount is found as I2 in the
eluted fraction, while 75% remains fixed on
AG 1X8 column. Further purification step
requires adjusting the acid concentration of
the eluate to 0.1 M by addition 7.6 g of NaOH

pellets before charging small alumina column
(Fluka, 4 g, 1x6 cm) using gravitational flow.
Mo-99 is almost quantitatively retained on
alumina column (2% loss). The column is
washed with sequence of water, 15 mL 0.1 M
KI, water, 0.01 M ammonia followed by final
elution of Mo-99 with 20 mL of 1 M NaOH.
Overall recovery of Mo-99 is 80% and iodine
breakthrough is 0.2% of initial 1-123 activity.
Sometimes the process was shortened by
evaporating to dryness Mo-99-containing 200
mL 1M HNO3 and final digestion of Mo-99 in
20 mL of 1M NaOH. This permits to decrease
the required handling of Mo-99 and increase
Mo-99 recovery by additional 5%.

Version 2. The AG 1X8 column is washed
with water and Mo-99 is eluted with 200 mL
of 1 M NH4 carbonate. Recovery of Mo-99 is
99% (81% comes off the column in first 20
mL of NH4 carbonate). Only 0.5% of initial
amount of iodine is found in the eluted
fraction. Subsequently, the pH of the NH4

carbonate is adjusted to ~2 by careful addition
of 26 mL cone. HNO3, solution is degassed
under vacuum, loaded at gravitational flow on
small alumina column followed by the steps
described in Version 2.
Overall recovery of Mo-99 is 78%, iodine
breakthrough - 0.02% of initial 1-123 activity.
The shortened process - evaporation to
dryness of NH4 carbonate with final digestion
of Mo-99 in 20 mL of 1M NaOH allows to
increase Mo-99 yield till 89%.

We have to emphasise that the described
processes were carried out on laboratory scale
only. Considerable variations in Mo-99 yields
and levels of radioimpurities may be observed
in high radiation fields at production level.
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