
LETTER TO THE EDITOR 

Journal of Radioanalytical and Nuclear Chemistry, Vol. 218, No. 2 (1997) 259-262 

Sorption and desorption of molybdenum in alumina microspheres 

F. M. S. Carvalho,* A. Abr[o 

lnstituto de Pesquisas Energtticas e Nucleares-IPEN, Cidade Universitdria "Armando de Salles Oliveira", Travessa R-400, CEP 05508-900, 
S~o Paulo, Brasil 

(Received December 27, 1996) 

The behavior of minor amount of molybdenum(Vl) in the presence of large quantity of aluminum nitrate and separation of Mo0/I) from A10II) with the 
aid of a chromatographic process onto an alumina column has been studied. The separation of both elements is in favor of the selective uptake of 
molybdenum by the alumina. The solution containing both elements is an acidified aluminum nitrate of high concentration in aluminum. The work 
envisage a future separation and purification of radiomolybdenum for the milking of tecnetium-99m. 

Introduction 

T h e  99M0 adsorbed on alumina is the most common 
source of 99~Tc for nuclear medicine investigation. 1-4 A 
number of studies have been made of the surface chemistry 
of molybdena-alumina catalysts. 5-7 

The alumina shows favorable ion exchange selectivities 
and exhibits both anion and cation exchange 
characteristics. It exhibits good thermal stability and good 
resistance toward strong oxidizing agents. Anion exchange 
capacity of alumina increases as the acidic pH decreases 
while its cation exchange capacity increases as the basic 
pH increases. In general, the change over from an anion 
exchanger to a cation exchanger is a gradual one and 
occurs in the vicinity of the isoelectric point (pH=8.5). s 

The adsorption of molybdate ions onto alumina is 
slrongly affected by pH due to changes in the chemical 
structure of the molylxlate ion as shown in Fig. 1. 9,1~ 

Then, alumina, like other hydrous oxides, has a very 
complex surface which is dependent on pretreatment and 
chemical environment) I 

The surface electrical charge of alumina is also strongly 
affected by pH changes. It is well-known that alumina is 
positively charged in an acidic medium and can adsorb the 
negatively charged molybdate ion. However, in the region 
of neutral to basic pH, the surface electrical charge is 
neutral or negative, and therefore it does not adsorb the 
molybdate ion, as depicted in Fig. 2. 9 

Embrancing an ion exchange concept, the analyte ion is 
retained via the formation of an electrical double layer at the 
alumina surface. It is suggested that a surface charge appears 
due to dissociation at surface ---AIOH groups and 
detachment of either H § or OH-. As a result of the charge 
site, ions of opposite charge are atWacted from the bulk of the 
solution with the resulting formation of two charged planes 
at the interface. In simplest term this can be represented by 
dissociation equilibria: 8 

- AI-O-H<->AI § + OH- 

- AI--O-H~--->AI--O- + H + 

Anion and cation exchange can then take place at these 
charge sites. The anion exchange takes place between 
added analyte anions and the alumina surface hydroxyl 
anions while cation exchange occurs between added 
analyte cations and the H § provided by dissociation of the 
alumina hydroxyl groups. 

In acidic media, the number of molybdenum atoms in a 
molybdate ion increases with increasing acidity due to 
polymerization of monomeric molybdate ions. 8,1~ At pH 
greater than 6-7 the predominant species is MoO 2-. At 
intermediate pH values both M070~. ~ and M0024 - are 
observed. 6 The alumina surface becomes positively 
charged at low pH and readily adsorbs the molybdena 
polyanions which are present in solution under these 
circumstances. At high pH, the surface takes on a net 
negative charge and tends not to adsorb the monomeric 
MoO 2- ions present in these solutions. 

Accordingly, M o ~  4- ions are adsorbed on distinct 
adsorption sites of the inner Helmholtz plane (IHP) of the 
electrical double layer developed between the surface of the 
solid particles of the adsorbent and the solution. In this plane, 
in alkaline medium, relatively weak lateral interactions are 
exerced between the adsorbent and the adsorbed M0024 ions, 
mainly attributed to the decrease in the concentration of the 
surface protonated hydroxyls, considered to be responsible 
for the creation of adsorption sites on I.H.P. Then, according 
the pH increase, the superficial charge of alumina decreases, 
decreasing the molybdate anions allraction. 6 In the very high 
acidic solutions a continuous Iransition via MoO2(NO3) 2 to 
the hydrated oxide MoO3.H20 occurs, accompanied by 
decreasing adsorbability, la 

LtrraRA and O-mr~o 6 investigated the equilibrium 
between MoO~ and M0024 - the adsorption of molybdates 
on 7-A1203 at the pH range of 5.45 to 8.9 and the effects of 
molybdenum concentration. 

Activated alumina in composition falls among various 
crystalline aluminium trihydroxides [AI(OH)3 ] and the 
different crystalline aluminas (AI2Oa) and is referred to as 
aluminum oxide hydroxide. The water content lies between 
Al203 �9 I420 and A I 2 0  3 �9 0.1 I-I20.t5 
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Unfortunately, alumina is usually supplied as a powder. 
Although it can be used as small columns, for preparative 
operation or work with greater volumes, powder alumina is 
not reliable, and does not perform well. 

In this work a new type of chromatographic alumina 
was used specially prepared as microspheres. This material 
fitted well as the bed for chromatographic columns. 

The alumina microspheres have been prepared by the 
sol-gel process, based on Reference 16. A colloidal 
solution prepared with aluminium nitrate, urea and 
hexamethylenetelramine as gelation agent is sprayed as 
droplets directly into a column with warmed oil (95 ~ 
The solid spheres are washed, dried and calcined at 

Mo042" (MOO3 H30) § 

45 15 09  
Mo7024 s" < " ,~ Mo00264" < " ~- (higher polymers) ~- ~ " ~- MoO 3.H20 

Fig. 1. Chemical structure changes in molybdate ion x pH 
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Fig. 2. Electric charge on alumina surface as function of pH 
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Fig. 3. Uptake of molybdenum by the alumina microspheres as function 
of nitric acid concentration 

temperatures ranging from 300 to 850 ~ and then 
characterized through sphericity, size classification and 
crystalline phases identification and behavior against acid 
and hydroxides as well. 

As an inorganic ion exchanger the capacity of the 
alumina microspheres is assayed using Cu(H) in 
ammoniacal solution and 234Th tracer in hydrofluoric acid 

media. ]7 The alumina exhibit an excellent performance as 
chromatographic material. 

For the present work it was used alumina with 
microspheres diameter ranging from 0.50 to 0.80 mm. 

Experimental 

Inorganic and organic salts used for analytes were 
analytical reagent grade. For ion exchange experiments the 
columnar technique was employed with 2 g of alumina 
microspheres in the bed column. Determination of 
adsorption/desorption characteristics of this substrate for 
molybdenum was carded out under dynamic conditions. 
Glass columns were 8 mm in diam. and the volume of 
microspheres was 3.5 ml. After filling, the column was 
washed with 200 ml 1M HNO 3, 100 ml dislillated water, 
100 ml 1M NHaOH and finally 200 ml H20. The column 
was conditioned with 200 ml 1M HNO 3. The adsorption and 
desorption velocities were maintained between 1 and 3 ml. 
min-~, cm-2. 

Molybdenum was assayed by hanging mercury 
dropping electrode voltammetry technique, with tartaric 
acid as electrolytic support. The electrolytical cell has a 
saturated calomel electrode as reference electrode. The 
auxiliary electrode was a platinum wire. 

In 0.5M tartaric acid medium two characteristics peaks 
are obtained, with potential peak about -0.20 and -0.50 V. 
The current passing through the cell is recorded as a 
function of the voltage. There is a linear relation between 
the current and the concentration of Mo(VI) for both 
waves, which was exploited in analytical measurements for 
molybdenum with satisfactory results) 8 

Results and discussion 

Adsorption of molybdenum onto alumina microspheres 

Figure 3 depict the adsorption of Mo as a function of 
acidity of the influent solution. Optimal adsorption was 
attained at 0.1-0.2M HNO 3. 
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Fig. 4. Desorption of molybdenum from the alumina column as function 
of ammonium hydroxide concentration 
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Fig. 5. Molybdenum elution curve from the ahanina microspheres using 
IM NH4OH 

Desorption of molybdenum from alumina microspheres 

The desorption of molybdenum was carded out after 
washing the column with 0.1M HNO 3 and distilled water. 
Molybdenum was then eluted with 1M NH4OH. The 
elution volume was 100 ml. Figure 4 depicts the results of 
the desorption of molybdenum from the alumina column. 

As observed from Fig. 4 the desorption of molybdenum 
is better with ammonium hydroxide solution higher than 
1M. 

Optimal volume of ammonium hydroxide solution for the 
desorption of molybdenum 

Figure 5 depicts the optimal volume of ammonium 
hydroxide for the elution of molybdenum from alumina 
microspheres column. 

Temperature influence on adsorption and desorption of 
molybdenum 

The temperature of molybdenum solution was raised 
before the percolation. Between 25-100 ~ the uptake of 
molybdenum did not varied more than 0.7%. It was 
observed a lower retention at lower temperature. The 
desorption of molybdenum from the alumina achieved 
using 100 ml of 1M NH4OH at 25 0(2. The results are 
shown in Figs 6 and 7. 

The experiments allowed to conclude that when the 
uptake of molybdenum by the alumina occurred at higher 
temperature, the molybdenum elution was more difficult. 

The polymerization of the Mo(VI) is effective at pH < 
< 7.0. As depicted from Fig. 4, the increasing of the acidity 
above 0.2M HNO 3 decreases the retention of the 
molybdate ion. This effect can be observed from Fig. 1 by 
the formation of the MoO3.H20 and (MoO 3 �9 H30) + 
species. 

Adsorption and desorption velocities has a decisive 
effect on the retention and elution of the element. Greater 
velocities produces a lost of significant amount of 
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Fig. 6. Molybdenmn uptake by the alumina microspheres as function of 
the temperature of the loading solution 
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Fig. 7. Elution of molybdenum with IM NH4OH at 25 oC as function 
of the temperature of the loading solution 

molybdenum uptake and increases the necessary volume of 
ammonium hydroxide for the elution. 

The molybdenum solution retention temperature is 
important because its desorption is better when the uptake 
is made at ambient temperature. With retention at 75 ~ 
for example, only approximately 62% of the element was 
eluted with the ammonium 1M hydroxide solution at 25~ 
The effect of the temperature is very important because 
when the irradiated material is dissolved, the temperature 
of the resultant solution is high. Then it is necessary to 
slow down the temperature of the loading solution prior the 
percolation. Then, it was concluded that molybdenum 
solution was better purificated, and decontaminated from 
aluminium, when it was adsorbed onto alumina 
microspheres from a 0.1M HNO 3 solution and, after 
washing the column with water, it was desorbed with 
1M NHaOH at 25 ~ 
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