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Abstract:  The paper describes a technology for obtaining Mo-98 from waste from the production of industrial Tс-99m generators, followed 

by regeneration, purification and obtaining molybdenum trioxide enriched with molybdenum-98 for the purpose of reuse for the production 

of Tс-99m generators. Regeneration of molybdenum trioxide with Mo-98 from spent Tc-99m generators was carried out by the elution 

method in dynamic mode: aluminum oxide from industrial spent Tc-99m generators was loaded into the column and a solution of sulfuric 

acid (1 mol/l) was passed through the column at a rate of 2.0-2.5 ml/min.The purification of regenerated molybdenum trioxide with Mo-98 

from possible radionuclide impurities and residues of sulfuric acid anions was carried out on an ion-exchange resin - anionite quaternary 

phosphonium base in Cl-form. Desorption of molybdenum from the solid phase of the sorbent was carried out with a solution of ammonium 

nitrate (1 mol/l) containing 0.01-0.05% hydrogen peroxide and 8-10% aqueous ammonia solution with an elution rate of 1 ml/min, while 

molybdenum was washed out with a yield of up to 80%.Using the emission spectral analysis method, it was determined that the mass fraction 

of metal impurities in the regenerated molybdenum trioxide enriched with Mo-98 complies with the requirements of Technical Specifications 

95 641-79 “Molybdenum trioxide enriched with molybdenum-98". During the neutron activation analysis of regenerated molybdenum 

trioxide enriched with Mo-98, only gamma spectra of the parent radionuclide Mo-99 with gamma lines of 180 keV, 740 keV and 780 keV and 

only the gamma spectrum of the daughter radionuclide Tc-99m with the gamma line of 140 keV were obtained, which proves the absence of 

any radionuclide impurities in the regenerated molybdenum trioxide.The developed technology for obtaining Mo-98 from spent Tc-99m 

generators, its subsequent regeneration and purification showed that regenerated and purified molybdenum trioxide enriched with 

molybdenum-98 can be used as a feedstock for the production of industrial Tc-99m generators. 
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Introduction 
 

    Almost 80% of all nuclear medicine activities depend on the 

supply of Mo-99, a medical-grade radionuclide used to produce 

technetium-99m (Tc-99m) generators, the main diagnostic 

radionuclide of modern nuclear medicine. Radionuclide technetium-

99m is used for diagnostics and scintigraphy (scanning) of the 

thyroid and salivary glands, brain, and radionuclide 

angiocardiography and also ventriculography. For example, 

myocardial perfusion scanning plays an important role in 

diagnosing and making therapeutic decisions in heart disease. For 

example, Tc-99m sestamibi or Tc-99m tetrofosmin 

radiopharmaceuticals are often used to scan myocardial perfusion in 

SPECT (single photon ejection computed tomography) techniques 

[1]. Currently, the number of such diagnostic procedures exceeds 25 

million per year. 

Elution of the daughter nuclide 99mTc from the portable Tc - 

99m generators or “milking” of the generator is expediently 

performed every 6 hours twice a day. Since the half-life of 99Mo is 

66 hours, the supply of the original product is depleted to an 

insufficient level in about one week, so the generator must be 

replaced with a fresh generator. 

    To produce the Tc-99m sorption chromatographic generator, the 

parent radionuclide Mo-99 can be obtained in the nuclear reaction 
98Mo(n,)99Mo, when using which the irradiation of the 

molybdenum trioxide (98MoO3) target enriched in the isotope Mo-

98 (≥95%) with neutrons from a reactor is more productive. 

In this case, with the development of target enrichment in Mo-98, it 

is possible to increase the induced specific activity of Mo-99 by 4 

times compared to an unenriched target of the isotope 98Mo [2]. The 

isotopic composition of the molybdenum-98 enriched molybdenum 

trioxide target is as follows: 92Mo (0.15%), 94Mo (0.1%), 95Mo 

(0.2%), 96Mo (0.2%), 97Mo (0.7%), 98Mo (98.5%), 100Mo (0.15%) 

[3]. However, the use of the enriched isotope Mo-98 increases the 

cost of both the target radionuclide Mo-99 and the generators Mo-

99/Tc-99m. 

 

Decision of considered problem  

Fig 1 shows commercial portable generator GT 2 Tc-99m (a) 

and generator column (b) produced by the State Enterprise 

«Radiopreparat», Tashkent, Republic of Uzbekistan. 

 

  

                      a                                                b 

 

Fig.1. General view of generator Tc-99m and chromatographic 

column (: 1 -   glass column; 2 -rubber plug and aluminum cuff; 3 - 

aluminum oxide (m=5.5 g). 

 

During the activation of the initial material (Mo-98) by thermal 

neutrons of the WWR-SM reactor of the Institute of Nuclear 

Physics of the Academy of Sciences of the Republic of Uzbekistan, 

the specific activity of Mo-99 reaches  5 Ci/g Mo, which 

corresponds to a mass of only 10-5 g of molybdenum, and the main 

mass (99.95%) of the initial molybdenum-98 taken for irradiation is 

a carrier of Mo-99. 

     In this regard, in order to reduce the cost of industrial generators, 

the regeneration of 98MoO3 from spent Mo-99/Tc-99m generators 

and return to the technological cycle is an urgent task.  

The aim of the investigation is to develop a method for the 

regeneration of molybdenum trioxide enriched in Mo-98, desorbed 

from spent industrial Tc-99m generators. 

 

Results and discussion 
 

To study the desorption of molybdenum from the aluminum 

oxide sorbent in a static mode, a solution of isopolymolybdate with 

a radioactive indicator 99Mo was pre-adsorbed on Al2O3. 

Radiometric measurements of the radionuclide 99Mo were 

carried out on a measuring complex pulse analyzer NTA-1024 with 

a detection unit LULR-TVC-666 and a complex of a 4-channel 

nuclear spectrometer NP-424 L with a scintillation detector TV-

4202 on a NaI (Tl) crystal (Hungary). 

Spectrometric measurements of the activities of samples and 

solutions were carried out on a measuring complex consisting of a 
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DGDK-EMS-666/V detection unit, an NTA–1024 pulse analyzer, 

and a SU-01P “Aspect” gamma spectrometer with a DGDK-120 

Ge-Li detector. 

Fig. 2 shows the sorption isotherm of molybdenum on 

aluminum oxide. 

 
Fig. 2. Isotherm of Mo sorption on Al2O3 

 

From Fig. 2 it is evident that the sorption of Mo on Al2O3 is 75-

80 mg/g. 

 

For the desorption of molybdenum from aluminum oxide in a 

static mode, an eluent of H2SO4 solution was used. 

Fig. 3 shows the effect of H2SO4 concentration on Mo desorption in 

static mode. 

 

 

 
Fig. 3. Elution curve of molybdenum from the generator column 

      

From Fig. 3 it is evident that with an increase in the 

concentration of H2SO4, molybdenum desorption from aluminum 

oxide increases, reaching a desorption of 60% when using an 

eluent of 1.0 N H2SO4 solution. 

 In the experiments, regeneration of molybdenum from spent 

Tc-99m generators was carried out by the elution method in 

dynamic mode: Al2O3 (110 g) from spent Tc-99m generators 

columns in quantity 20 pieces were loaded into a glass column Mo 

concentration on the sorbent Al2O3  is 34.5 mg/g and a total amount 

of molybdenum of  3798 g. Dimensions of the glass column: 

internal diameter – 25 mm; height – 350 mm; height of the sorbent 

layer in the column – 285 mm; Al2O3 weight – 110 g. Then, a 1.0 N 

H2SO4 solution (1.0 g-eq/l) was passed through the glass column at 

a rate of 2.0 ml/min. Under the selected conditions, the desorption 

of molybdenum from the sorbent was 78.7%, i.e. in 130 ml of 

eluate, the molybdenum content was 23 mg/ml. 

To purify regenerated molybdenum from radionuclide 

impurities and residual amounts of SO4
–2 anions, we used a 

quaternary phosphonium base (QPB) anion exchanger in the Cl–1 

form, which is selective with respect to anionic forms of 

molybdenum [2] and has the following formula: 

 

                    CH-CH-C6O6-CH2-CHP+-R(Cl-)             (1) 

where: R- C3H7 or R- C4H8 

Fig. 4 shows the isotherm of molybdenum sorption on the QFB 

anion exchange resin 

 
 

Fig. 3. Desorption curve of Mo from Al2O3 with eluent H2SO4 

 

        . 

 
Fig. 4. Mo sorption isotherm in the QFB. 

 

From Fig. 4 it can be seen that the exchange capacity of the 

QFB with respect to molybdenum is ≥160 mg/g. 

Desorption of molybdenum from the QFB phase in static mode 

was carried out with aqueous ammonia solutions (Fig. 5). 

 
Fig 5. Isotherm of molybdenum desorption from the QFB anion 

exchanger. 

 

From  the isotherm of molybdenum desorption from the QFB 

(Fig 5), it can be seen that the maximum desorption of molybdenum 

is observed at a solution  

As a result of multiple experiments, the optimal eluent 

composition and elution mode were selected: ChFO with sorbed 

molybdenum was loaded into an anion-exchange column and 

molybdenum was desorbed from QFB using an eluent solution of 

NH4NO3 (~1 mol/l) containing 0.01-0.05% H2O2 and 810% 

NH3OH solution in a dynamic mode with an elution rate of 1 

ml/min. 
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Fig. 6 shows the elution curve of molybdenum from the QFB, 

where molybdenum is eluted in 150 ml of eluate with a yield of ≥ 

80%. 

 

 
Fig. 6. Elution curve of molybdenum from the QFB anion 

exchanger 

 

The desorbed molybdenum solution was evaporated at a 

temperature of 150 0C with the addition of a concentrated solution 

of HNO3 until light yellow molybdenum trioxide precipitated in the 

form of H2MoO4 (
98MoO3H2O). Thus, 98Mo was precipitated in the 

form of molybdic acid, the precipitate was dried and calcined at a 

temperature of 450 0C. In this case, molybdic acid was converted 

into molybdenum trioxide - 98MoO3, which is a commercial product 

of the regeneration process [5]. 

The 98MoO3 product was analyzed for chemical impurities 

using the spectral emission method. The results of the analysis of 

the regenerated 98MoO3 samples indicate a sufficiently high purity 

of the obtained product, which corresponds to the qualification of 

"chemically pure". 

Fig. 7 shows the gamma spectrum of a sample of regenerated 

and purified molybdenum trioxide enriched with Mo-98, irradiated 

with neutrons from the WWR-SM reactor. As can be seen, the 

gamma spectrum contains only gamma lines of the radionuclides 

Mo-99 and Tc-99m, which proves the radiochemical purity of Mo-

99 and Tc-99m. 

 

 
Fig. 7. Gamma spectrum of neutron-irradiated regenerated 

molybdenum trioxide enriched in Mo-98 

 

The quality indicators of the eluate (Na99mTcO4) obtained from 

the experimental technetium-99m generator, manufactured on the 

basis of the regenerated product 98MoO3, meet the requirements of 

Technical Specifications 95 641-79 “Molybdenum trioxide enriched 

with molybdenum-98" and . 

 The qualitative characteristics of the eluate (Na99mTcO4) 

obtained from the experimental technetium-99m generator (Table 

1), manufactured on the basis of the regenerated product 98MoO3, 

meet the requirements of our country Pharmacopoeias [6] and 

International Pharmacopoeias [7, 8]. The eluate (Na99mTcO4) 

obtained from the manufactured generator fully corresponded to the 

eluate of technetium-99m of the Tc-99m GT 2 generator [9].  

Table 1. Qualitative characteristics of the eluate from the 

generator Tc-99m on the regenerated 98MoO3 

 

Controlled 

parameter of 

eluate  

Eluate 

solution 

from the 

generator  

Qualitative indicators 

of the eluate 

according to  

Pharmocopoeia 

Monograph [6] 

 Appearance Transparent 

colorless 

solution 

Transparent  

colorless  

solution 

рН 

 

4.5 4-7 

 Radiochemical 

purity, % 

99.5 

 

no less 99.0 

Volume activity, 

mCi/ml  

70.6 

 

no less 26.0 

 

 NaCl content, g/l 8.9 8.0-10,0 

NO3- content, mg/l  25.6 20-30 

 99Mo content, % 2103 2102 

 Chemical impurity 

content, µg/ml 

Al 

Fe 

Cu 

Pb 

 

 

2.0 

1.,0 

0.05 

- 

 

 

no more 5.0 

no more 2.0 

0.2 

5.0 

 

Fig. 8 shows the process flow diagram for the production of a 

Tc-99m generator from regenerated and purified molybdenum 

trioxide enriched with Mo-98. 

 

 
Fig.8 Technological scheme of production of Tc-99m generator on 

regenerated molybdenum trioxide enriched with Mo-98. 

 

At stage I irradiation target is prepared, where molybdenum 

oxide enriched with the isotope Mo-98 is dried, weighed and placed 

in a quartz ampoule. The target in the container is irradiated in a 
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vertical channel of the reactor for 200 hours at a thermal neutron 

flux of (68) 1013 n/cm2sec. 

At stage II of generator manufacturing, the irradiated target is 

released from the container and ampoule, placed in a flask, and the 

target is dissolved in a 1 N NaOH solution, and then a 1 N HCl 

solution is added to obtain an isopolymolybdate solution with a pH 

of 2.0. A generator column with aluminum oxide is prepared in 

advance, and molybdenum-99 is sorbed on the sorbent. Next, the 

generator column is washed and successively acidified with water 

and a 0.9% sodium chloride solution. The wash waters are analyzed 

for completeness of Mo-99 sorption.  

At stage III, the generator column is sterilized; 

At stage IV, the Tc-99m radionuclide is washed out of the Tc-

99m generator with a 0.9% sodium chloride solution and the extract 

is analyzed.  

At stage V, the generator column with silicone tubes and 

needles for eluting the eluent is placed in a protective container, 

labeled and packaged, and then sent to the consumer. 

 

 

 Conclusion 
 

The developed technology for obtaining Mo-98 from spent Ts-

99m generators, its subsequent regeneration and purification 

showed that regenerated and purified 98MoO3 enriched with Mo-98 

can be used as a source material for the manufacture of industrial 

Tc-99m generators. 

Thus, the results of the experiment indicate the stability of 

regenerated molybdenum-98 from spent generators for the 

production of Tc-99m generators. This significantly reduces the 

costs of producing Tc-99m generators and the cost price of the Tc-

99m generator, and also allows for a positive solution to 

environmental problems. 
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