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ABSTRACT 

 
Since 2009, the production of generators 

99
Mo/

99m
Tc suffers a crisis of global supply due to technical problems 

of the two reactors which account for 64% of world production of fission 
99

Mo.  By the project of Brazilian 

Multipurpose Reactor (RMB), the Brazilian government invests in the construction of the first multipurpose 

reactor suitable for the domestic production of 
99

Mo from LEU targets in order to supply of fission 
99

Mo in the 

coming decades. The IPEN started the research of the technology and production of fission 
99

Mo from acid and 

alkaline dissolutions of Low Enriched Uranium (LEU) targets as well as other used radioisotopes in nuclear 

medicine. This work is part of the research of the technology of the fission 
99

Mo from acid dissolution of the 

LEU targets that is being developed at the IPEN. In this study the separation of the Mo by precipitation with 

alpha-benzoin oxime in nitric medium and the recovery by dissolution were investigated. The precipitation 

studies were performed by batch assays with nitric solution of Mo(VI), containing 
99

Mo tracer, and uranyl ions. 

Influence of concentration of permanganate from 0.03 to 2.5%, dissolution temperature at 30°C and 150°C and 

the uranium concentration from 74 g.L
-1

 to 115 g.L
-1

 was studied. Results indicated that the precipitation of Mo 

with alpha-benzoin oxime from nitric medium is highly efficient, and its recovery by dissolution with basic 

solution of H2O2 gave a high yield. 

 

 

1. INTRODUCTION 

 

Several used radiopharmaceuticals in nuclear medicine in the areas of diagnostic imaging and 

radiotherapy are obtained from produced radioisotopes in nuclear reactors or particle 

accelerators. Among these, the fission 
99

Mo from the nuclear reactors stands out as one of the 

main because produces the 
99m

Tc which is the most widely used radioisotope in diagnostic. 

The 
99m

Tc marks easily a reactive set becoming itself a radiopharmaceutical. Since 2009, the 

production of generators 99Mo/99mTc suffers a crisis of global supply due to technical problems of 

the reactors of the two largest producers which account for 64% of world production of fission 
99Mo.  Nowadays, the world production of 

99
Mo does not meet the existing demand.  By the 

project of Brazilian Multipurpose Reactor (RMB) [1], the Brazilian government invests in the 

construction of the first multipurpose reactor suitable for the domestic production of 
99

Mo 

from LEU targets in order to supply of fission 
99

Mo in the coming decades. The IPEN started 
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the research of the technology [2, 3] and production of fission 
99

Mo from acid and alkaline 

dissolutions of Low Enriched Uranium (LEU) targets [4, 5] as well as other used 

radioisotopes in nuclear medicine. 

 

This work is part of the research of the separation and purification technology of the fission 
99

Mo from acid dissolution of the LEU targets that is being developed at the IPEN. The 

separation of Mo by the precipitation with alpha-benzoin oxime from nitric solution 

containing U ions and the recovery by dissolution were investigated. 

 

 

2. EXPERIMENTAL 

 

2.1.  Materials 

 

Molybdenum(VI) solutions of concentration 63 and 72 mg.L
-1

 in 1 mol.L
-1

 HNO3 were 

prepared by the dilution from the aqueous solution of Na2MoO4 with HNO3. The 
99

Mo 

sample, which was provided by the Center of Radiopharmacy (CR) - IPEN/CNEN, was 

added into the Mo solutions and used as tracer. Potassium permanganate solutions of 

concentration from 0.03% to 2.5% were prepared by the dissolution of KMnO4 in distilled 

water. The solution of 2% alpha-benzoin oxime was prepared by the dissolution in 0.4mol.L
-1

 

NaOH, and at the moment of addition in the Mo solution. Solutions of 1% H2O2 were 

prepared in 0.2 mol.L
-1 

and 0.4 mol.L
-1

 of NaOH. All used chemical reagents were analytical 

grade. 

 

2.2.  Precipitation of the Molybdenum and Dissolution 

 

In volume of 7 mL of nitric solution of Mo (containing 
99

Mo tracer) was added 2.5 mL of 

KMnO4, under manual agitation. The mixture was rest for 5 min, afterward 2 mL of the 2.0% 

alpha-benzoin oxime/0.4 mol.L
-1

 NaOH solution, under manual agitation, were added to 

precipitate the Mo(VI) ions. During 5 min was maintained a low agitation to avoid 

decantation. The white precipitate was filtrated with Whatman n  41 filter paper. A washing 

step was carried out with 2 mL of 0.1 mol.L
-1

 HNO3 (three times) and 1 ml of 0.1 mol.L
-1

 

HNO3 (twice). 

 

For dissolution of the Mo precipitate, the filter paper with the precipitate was transferred to a 

capped glass vial and 1 mL of 1% H2O2/0.4 mol.L
-1

 NaOH was added. Then it was heated 

and after the resulting yellow solution was removed and transferred to another vial. Another 1 

mL of 1% H2O2/0.2 mol.L
-1

 NaOH was added to the capped glass vial and it was heated 

again. The second resulting yellow solution was removed and added to the first yellow 

solution. The Mo precipitate was totally dissolved. 

 

The Fig. 1 illustrates the flowsheet of the Mo precipitation process with alpha-benzoin oxime 

and dissolution that was used. All experiments were performed in duplicate at least and the 

mean values were presented. 
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Figure 1.  Flowsheet of the separation process of 

the Mo(VI) ions from 1 mol.L
-1

 HNO3 by the 

precipitation with alpha-benzoin oxime. 

Dissolution of the Mo precipitate. 

 

 

 

2.3.  Influence of MnO4
-
 concentration 

 

Mo(VI) solutions of concentration 71 mg L
-1

 in 1 mol.L
-1

 HNO3 were used  for the study of 

influence of permanganate. The investigated concentrations were 0.03%, 0.3% and 2.5%. 

After the addition of 2 mL of each permanganate solution, the Mo(VI) ions of each Mo 

solution were precipitated with alpha-benzoin oxime in according to the described procedure 

in the 2.2. The activities of the 
99

Mo tracer in the Mo initial solution and in the filtered 

solution were then subjected to gamma counting at the energy of 739 keV using a HPGe 

detector, Canberra, at the CR/IPEN/CNEN. The yield of precipitation was calculated by the 

equation (1). 

 

Precipitation yield % = (1 - Cf/Ci)*100 (1) 

 

Solution of Mo(VI)  (99
Mo tracer) and U(VI)/1 mol.L

-1 
HNO3  

Addition of MnO4
-
 solution 

 

 
Mo precipitation 

 2 mL of  2.5% alpha-benzoin oxime 

yellow solution of Mo 

Dissolution of the precipitate 

1 mL of 1% H2O2 /0.4 mol.L
-1 

NaOH, heating 

1 mL of 1% H2O2 /0.2 mol.L
-1 

NaOH, heating 

  

Washing  

 2 mL of 0.1 mol.L
-1

 HNO3 (three times) 

1 mL of 0.1 mol.L
-1

 HNO3 (twice) 

Filtration 

Filter paper 
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Where Cf is the gamma counting of the filtered solution and Ci is the gamma counting of the 

initial solution. 

 

2.4.  Influence of Dissolution Temperature 

 

A volume of 2.5 mL of the 0.03% permanganate was added in the Mo(VI) solution of 

concentration 63 mg L
-1

 in 1 mol.L
-1

 HNO3 and after 2.0 mL of 2% alpha-benzoin oxime in 

order to obtain the Mo precipitate. This precipitate was filtered, washed and the dissolution  

temperature was investigated. Two temperatures were verified, 30°C (heating for 5 min) and 

150°C. The heating at 150°C was brought to the boiling of the solution for only 3 s. The 

activities of the 
99

Mo tracer in the Mo initial solution and in the dissolution solution were 

then subjected to gamma counting at the energy of 739 keV using a HPGe detector, Canberra, 

at the CR/IPEN/CNEN. The recovery yield was calculated by the equation (2). 

 

recovery yield % = Cd/Ci*100 (2) 

 

Where Cd is the gamma counting of the dissolution solution and Ci is the gamma counting of 

the initial solution.  

 

2.5.  Influence of U concentration 

 

A volume of 2.5 mL of 0.03% KMnO4 was added in the Mo(VI) solution of concentration 63 

mg L
-1

 in 1 mol.L
-1

 HNO3 containing U(VI) ions and after 2.0 mL of 2% alpha-benzoin 

oxime were added in order to obtain the Mo precipitate. The precipitate was filtered, washed 

and dissolved at 150°C. Three concentrations of U(VI) ions were investigated, 74 g.L
-1

, 110 

g.L
-1

 and 115 g.L
-1

. The activities of the 
99

Mo tracer in the Mo initial solution and in the 

filtered solution were then subjected to gamma counting at the energy of 739 keV using a 

HPGe detector, Canberra, at the CR/IPEN/CNEN. The yield of precipitation was calculated 

by the equation (1) and the recovery yield by the equation (2). 

 

 

3. RESULTS AND DISCUSSION 

 

Table 1 shows the precipitation yield obtained to each quantity of used permanganate. This 

reagent is added to the Mo solution in 1 mol.L
-1

 HNO3 in order to guarantee the oxidation 

state 6+ of the Mo. All permanganate concentrations precipitated quantitatively the Mo ions, 

however the precipitate from the 2.5% solution was brown and black instead of white. An 

excess of permanganate in the precipitant medium probably reduced the Mn
7+

 to the Mn
4+

, 

contaminating the white precipitate of the Mo with manganese oxide, MnO2. During the 

study was verified that the solution of permanganate can be added dropwise to the Mo 

solution under manual agitation until that the pink permanganate color remains in the 

solution. The pink permanganate color in the Mo solution guarantees that all Mo are as 

Mo(VI) ions. 
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Table 1.  Precipitation yield of Mo(VI) from the  

1 mol.L
-1

 HNO3 solution with 2% alpha-benzoin 

oxime. 
 

MnO4
-
, % concentration Precipitate Yield % 

0.03 white 99 ± 1 

0.3 white 99 ± 1 

2.5 brown and black 99 ± 1 

 

 

 

Table 2 shows the recovery yield of the white precipitate of Mo by dissolution according to 

the procedure described in the 2.4. The dissolution was total when a temperature of 150°C 

was applied and 87% of initial quantities of Mo was recovery.  

 

 

 

Table 2.  Recovery yield of Mo(VI) by the 

dissolution of the Mo precipitate. 

 

Precipitate Temperature Yield % 

white 30°C 31 ± 3 

white 150°C 87 ± 5 

 

 

 

Table 3 shows the values of precipitation yield of Mo obtained in the presence of U(VI) ions. 

The precipitation was carried according to the procedure described in the 2.5. The Fig. 2 

illustrates the steps of filtration and washing of the precipitation process in the presence of  

74 g.L
-1

 of U. In the studied conditions, no interference was observed in the precipitation and 

the Mo(VI) was quantitatively separated from the nitric solution containing 74 g.L
-1

 U(VI) 

ions and the recovery yield by dissolution with basic solution of H2O2 was of 85%. The low 

values of precipitation yield for concentration of U(VI) ions of 110 g.L
-1

 and 115 g.L
-1

 

indicated that the U interfered in the Mo precipitation.  

 

 

 

Table 3.  Precipitation yield of Mo(VI) from the  

1 mol.L
-1

 HNO3 solution containing U(VI) ions and 

recovery yield of dissolution. 

 

Precipitate U(VI), g.L
-1

 
Precipitation yield 

% 

Recovery yield % 

white 74 99 ± 1 85 ± 5 

yellow 110 30 ± 5 ----- 

yellow 115 36 ± 5 ----- 
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Figure 2.  Filtration step of the precipitate of Mo 

with alpha-benzoin oxime in the presence of U(VI) 

ions and the washing step of the same precipitate, 

respectively. 

 

 

 

4. CONCLUSIONS 

 

In the studied conditions in this work, the results indicated that the precipitation of Mo with 

alpha-benzoin oxime from nitric medium containing U ions is highly efficient, and its 

recovery by dissolution with basic solution of H2O2 gave a high yield up to  74 g.L
-1

 of 

U(VI).  

 

 

 

ACKNOWLEDGMENTS 

 

The authors thank to the Center of Radiopharmacy – CR/IPEN/CNEN. 

 

 

REFERENCES 

 

1. IPEN, “MCT investe na construção de reator para produzir tecnécio investe na construção 

de reator para produzir tecnécio” (2009), https://www.ipen.br/sitio/?idc=5844 (2011). 

2. M. Yamaura, A. A. Freitas, A. P. G. Yamamura, R. M. N. Tanaka, C. A. L. G. Forbicini, R. 

L. Camilo, I. C. Araujo, “Studies on the Separation of 
99

Mo from Nitric Acid Medium by 

Alumina”, RERTR 2010 - 32
nd

 International Meeting on Reduced Enrichment for 

Research and Test Reactors, Lisbon, Portugal,  Oct 10-14 (2010), 

http://www.rertr.anl.gov/RERTR32/pdf/S11-P1_Yamaura.pdf (2011). 

3. R.L. Camilo, I.C. de Araujo, M. Yamaura, A.C. Mindrisz, S. Forbicini, C. de O. Forbicini, 

“Studies on the Gases Evolution during the Alkaline Dissolution of UAl2-Al LEU Targets 

for the Production of 
99

Mo in Brazil”, RERTR 2010- 32
nd

 International Meeting on 

Reduced Enrichment for Research and Test Reactors, Lisbon, Portugal,  Oct 10-14 

(2010), http://www.rertr.anl.gov/RERTR32/pdf/S18-P7_Camilo.pdf (2011). 

https://www.ipen.br/sitio/?idc=5844
http://www.rertr.anl.gov/RERTR32/pdf/S11-P1_Yamaura.pdf
http://www.rertr.anl.gov/RERTR32/pdf/S18-P7_Camilo.pdf


INAC 2011, Belo Horizonte, MG, Brazil. 

 

4. G. F. Vandegrift, J. L. Snelgrove, S. A. Ase, M. M. Bretscher, B. A. Buchholz, D. J. 

Chaiko, D. B. Chamberlain, L. Chen, C. Conner, D. Dong, G. L. Hofman, J. C. Hutter, G. 

C. Knighton, J. D. Kwok, R. A. Leonard, J. E. Matos, J. Sedlet, B. Srinivasan, D. E. 

Walker, T. Wiencek, E. L. Wood, D. G. Wygmans, A. Travelli, S. Landsberger, D. Wu, A. 

Suripto, A. Mutalib, H. Nasution, Adang H.G., Hotman L., S. Amini, Dedi S., Martalena 

R., A. Gogo, B. Purwadi, D.L. Amin, Zahiruddin, A., Sukmana, Kadarisman, Sriyono, D. 

Hafid, M. Sayad. “Converting Targets and Processes for Fission-product 
99

Mo from High- 

to Low-Enriched Uranium”, 1995 International on Reduced Enrichment for Research and 

Test Reactors, Paris, France, Sep 18-21 (1994),  

http://www.rertr.anl.gov/MO99/GVandeg897-abs.html (2011). 

5. D. Wu, S. Landsberger, B. A. Buchholz, G. F. Vandegrift, “ Processing of LEU Targets for 
99

Mo Production-Testing and Modification of the Cintichem Process”, 1995 International 

Meeting on Reduced Enrichment for Research and Test Reactors, Paris, France, Sep 18-

21 (1994), http://www.rertr.anl.gov/MO99/WU95.pdf (2011). 

http://www.rertr.anl.gov/MO99/GVandeg897-abs.html
http://www.rertr.anl.gov/MO99/WU95.pdf

