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1. Introduction 

In the Department of Radioactive Materials of the National Institute of Nuclear Research, 

processes for radioisotope production of interest in medicine, research, industry and agriculture 

have been studied and developed. In particular five new processes have been developed over the 

past 10 years by the Radioactive Materials Research Laboratory Group (RMRL) to produce: 
99Mo / Tc99m and 188W /188Re generators, the radiolanthanides: 151Pm, 147Pm, 161Tb, 166 Ho and 
177Lu, and 131I and 32P. All of these radioisotopes are artificial and can be produced in either 

nuclear reactors or particle accelerators. 

Radioisotope generators of particular interest, such as 99Mo /99mTc and 188W /188Re are presented 

in this chapter, because they allow continuous production of an artificial radioisotope, in this 

case 99 mTc and 188Re without the need for a nuclear reactor or a particle accelerator. They are 

perfectly shielded compact systems that are safe to handle such that, once the radioactive 

material has decayed, no radiological risk exists either for the environment or the population. 

These systems are therefore very useful in places where there are no nuclear reactors or no 

continuous supply of the radioisotope, due to its decay, its cost or logistical problems in their 

supply, as is the case with many hospitals and research centers or industry of our country. These 

generators base their operation in the continuous production of a radioisotope (daughter), for 

example 99mTc, by the radioactive decay of its parent, in this case 99Mo, which has a half-life 

greater than that of 

its daughter (see 

Figure 1).  

Figure 1 
Radioactive decay 
of 99 mTc and 99Mo  
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The generator system allows separation of two radioisotopes, applying chromatographic 

techniques, so that the father radioisotope becomes the generator while the daughter radioisotope 

is isolated for its immediate implementation. This cycle is repeated until the father radioisotope 

decays completely. 

The radiolanthanides 131I and 32P production are due to radioactive decay of a parent, but the 

separation of father and daughter is carried out in a single stage given that the system is not 

capable of continuously producing the daughter radioisotope. Thus, the main goal for developing 

generators and generally radioisotope production is to find the most appropriate methodologies 

to separate and purify radioisotopes in a fast and secure manner. 

2. 99Mo/99mTc Generators based on 99Mo gels-zirconium, titanium and magnesium 

molybdates.  

99mTc is a widely used radioisotope in nuclear medicine, since approximately 53 

radiopharmaceuticals can be prepared from it, and it is approved for use in humans, which is 

65% of all nuclear medicine studies practiced worldwide and 80% in Mexico. 99mTc is used in the 

production and development of radiopharmaceuticals for diagnosis in bone diseases (tumors, 

osteomyelitis, etc.), system (cholestasis, jaundice, cholecystitis, etc.), brain (detection of mental 

disorders, vascular lesions, etc.) heart (study of at least 14 cardiac functions) kidney (renal 

perfusion studies), lung (pulmonary strokes, emphysema, asthma, etc.), and for diagnosis of 

hidden infectious processes [1]. 

The radionuclide 99mTc is an important tracer in nuclear medicine due to its physico-chemical and 

nuclear properties, which are principally the emission of a 140 keV photon, technically suitable 

for detection by gammametry and its half-life of only 6.02 hours allows low doses irradiation 

studies for patients [1,2]. The 99 mTc (t 1/2 = 6.02 h) is the daughter of 99Mo (t 1/2 = 66.7 h) and 

decays spontaneously emitting negative beta radiation (β–), giving rise to two nuclear isomers Tc 

(see Figure 1). 

99mTc is commercially produced from 99Mo/99 mTc generators, using a chromatographic column 

loaded with alumina, where 99Mo, fission product of 235U, is eluted with the 99TcO4
- is through a 

saline solution (see Figure 2), thus providing a highly purified sample in a simple to operate 

system. However, 99Mo production from 235U fission requires complex radiochemical 
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separations, generating significant quantities of medium activity radioactive waste. In addition, 

alumina adsorbs only 0.2% of 99Mo, a situation which forces a high specific activity of 99Mo 

(~103 TBq/g) to be employed, which can only be obtained through 235U fission [2]. 

In Mexico, the only nuclear reactor available for such applications is located in ININ (TRIGA-

Mark III reactor). However its technical characteristics are limited to producing 99Mo from 235U, 

hence the need to import 99Mo from Canada for use in 99Mo /99 mTc generators (GETEC). They 

cover about 60% of national demand and even exported to some Latin American countries and 

the U.S. Given the technical and economic importance of  99mTc, alternative generators of low 

and medium activity prepared from 99Mo produced via the nuclear reaction 98Mo(n,γ)99Mo, have 

been proposed as an option for daily use in nuclear medicine centers, offering the opportunity to 

produce 99Mo /99mTc generators in countries with limited nuclear infrastructure, as is the case of 

Mexico. Generators constructed on the basis that molybdenum gels act as radioactive arrays 

within a chromatographic column have been particularly promising. This type of generator is 

based on the preparation of 99Mo-molybdates gels from 99Mo produced from the nuclear reaction: 
98Mo(n,γ)99Mo,, allowing more than 30% weight of 99Mo to be incorporated on the gel and the 

use of low specific activity ( 99Mo per unit concentration) (mass or volume) (50-500 G Bq/g), 

while maintaining quality and purity consistent with commercial generators [2,3]. 

The Radioactive Materials Research Laboratory (RMRL) Group has studied and developed 

methodologies for preparing 99Mo /99mTc gel-based generators from 99Mo-zirconium, titanium 

and magnesium molybdates in order to commercially establish a viable production methodology. 

Characteristics of this type of generator primarily depends upon the factors or conditions 

governing gel preparation, such as pH, molar ratio between reagents, concentrations, drying 

temperature, etc. These parameters have been carefully studied to reproduce the characteristics of 

these gels and to define optimum operation conditions for the generator [4-9]. 

2.1 Synthesis of 99Mo-zirconium, titanium and magnesium molybdate gels   

In general, the synthesis of zirconium, titanium and magnesium molybdates gels consist of 

reacting a solution of 99Mo-molybdates with a solution of zirconium, titanium and magnesium 

[4-9]. The mixture is agitated perfectly, dried, titrated and finally added to the chromatographic 

column.  
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2.1.1 Gels to 99Mo- zirconium molybdates base 

 

To determine the optimum conditions for gel preparation of 
99Mo-zirconium molybdates  used as  99Mo /99mTc generator 

arrays, gels were synthesized by varying parameters such as the 

molar ratio zirconium: molybdenum, pH of the 99Mo-

molybdates and gel concentration as well as preparation time of 

zirconium solution.  

                                                Figure 2: 99Mo /99 mTc generator 

Subsequently the gels were added to chromatographic columns 

to form 99Mo /99mTc generator (see Figure 2) and eluted every 

24 hours with 6 mL of NaCl to 0.9%. The 99mTc eluates were 

then analyzed to determine the following parameters: (1) 

elution performance (percentage of 99 mTcO–
4 recovered from 

the chromatographic column) through a NaI detector, (2), ion radiochemical purity 99mTcO–
4 

(percentage of the chemical species 99 mTcO–
4 on the eluate) through ascending paper 

chromatography, (3) radionuclide purity (presence of 99Mo in  99 mTcO–
4eluates) with the help of 

a gamma spectrometry system, (4) pH by means of test strips, (5) evidence of sterility in soya 

and sodium thioglycolate, (6) pyrogen tests with strains of Limulus amoebocites (LAL) and (7) 

eluate appearance by visual appreciation [4.7].  

The characteristics of 99mTc eluates from our generators were compared with values set by the 

pharmacopoeia for human use in order to establish the most adequate methodology for preparing 
99Mo-zirconium molybdates gels based generators, as follows: 99Mo purity less than 0.15 µCi of 

99Mo/mCi of 99mTc, radiochemical purity greater than 95% (99mTcO4
-), pH between 4.5-7.5, 

pyrogen-free, sterile, containing less than 10 ppm aluminum and must be a clear liquid [10]. 

A methodology for synthesis of 99Mo- zirconium molybdate gel was established from these 

studies which allowed design and construction of the '' Synthesis Device For 99Mo /99mTc Gels 

Generators " (DISIGEG) (see Figure 3), an indispensable tool for upgrading our methodology of 
99Mo /99mTc gel-based generators of 99Mo-zirconium molybdates to a prototype, prior to the 
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commercial production of these generators. DISIGEG construction was carried out jointly 

between the RMRL Group and the Automation Department of ININ, led by Eng. Tonatiuh 

Rivero Gutiérrez, technicians Paulino Rojas Nava and Carlos Vázquez Maldonado, and staff of 

General workshops: Sabino Hernández Cortés and Francisco Jiménez Barreiro [11-13]. 

 

Figure 3: Synthesis Device For 99Mo /99 MTc Gels Generators (DISIGEG) 

The DISIGEG consists basically of a synthesis reactor, mounted in a cell, along with five 

systems: (1) reagents supply, (2) product agitation, (3) gel drying, (4) humidity elimination and 

(5) gel extraction. The systems are regulated via an external control console with its operation 

based on pneumatic and electronic operations. 

Finally, in the DISIGEG synthesis method of 99Mo- zirconium molybdates  proposed in our prior 

work, defining gel drying conditions (temperature, time and drying air flow) and establishing a 

final protocol for 99Mo /99mTc generator preparation based on 99Mo-zirconium molybdate gels  

was optimized [12,13]. Approximately 150 tests were performed to establish the final protocol, 

shown in Figure 4. The proposed methodology uses 0.1 mol/L zirconile chloride solutions, 

prepared a day before the synthesis, 99Mo-sodium molybdates at pH 4.5, maintaining a molar 

ratio of 1: 1 Zr:Mo between both solutions, drying the gels at 80 ° C for 5 hours to 90 mm of air 
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flow. This methodology produces generators, which can be used for medical purposes, with the 

following characteristics: Elution yields exceeding 69.95%, whose 99 mTc eluates have: average 

radionuclide purity 99.9924% (99Mo in the eluates, around 0.0.0076%), radiochemical purity 

above 96%, pH of 6, aluminium present at less than 10 ppm, transparent appearance, pyrogen 

free and sterile [12,13]. 

 

Figure 4: Preparation protocol for 99Mo /99mTc generator based on 99Mo-zirconium molybdates 

During 99Mo /99mTc generator preparation, various synthesized zirconium molybdate gels were 

characterized to explain the behavior of these generators due to their physico-chemical 

properties. Zirconium molybdate gels were analyzed through neutron activation analysis to 

determine Mo and Zr content by infrared spectroscopy, electron microscopy scanning, 

thermogravimetry, surface area and x-ray diffraction. According to these studies, generator 

characteristics are closely related to the structure of zirconium molybdate gels. It has been 

proposed that the mechanism of 99mTcO4
-
  ion elution is based on it dissemination by the array 

and the gel is made up of an ensemble of octahedral units of isopolymolybdates, packaged 

around tetrahedra containing zirconium. The settlement and formation of these ensembles is 

modified by zirconium and molybdenum species precursor during gel formation and their drying 

conditions (water content), which may promote the formation of rigid or flexible structures that 
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impede or facilitate the passage of 99mTcO4
- ion respectively [4.7]. In general, zirconium gel 

molybdates are amorphous, having average weight 30% molybdenum and zirconium and 15% 

water with a porous volume of about 0.08 cm3/g  [3,4,7,14,15]. 

2.1.2 Gels with 99Mo- titanium and magnesium molybdate base 

Generator preparation based on 99Mo-molybdates zirconium gels, on the basis of 99MoO3, 

involves using DISIGEG to properly manipulate the radioactive material, and consumes at least 

5 hours processing time. To prevent these disadvantages, RMRL Group carried out studies 

focused on preparing these generators, by first synthesizing zirconium molybdate gels and then 

irradiating them. However, this methodology causes decreased efficiency of the generator and 

activation of the zirconium gel content, mostly producing the radioisotope 93Zr (t1/2 1.5x106 

years), 95Zr (1/2 t 64 (d)) and 97Zr (t1/2 16.9h) [16]. Hence, easy to produce generators were 

developed with high elution efficiencies in finding new alternatives for production of 99Mo /99mTc 

generators. These were 99Mo /99mTc - titanium and magnesium molybdate based, which were 

irradiated after its synthesis given the short half-life of the unique radioisotope produced by 

titanium and magnesium respectively: 51Ti (t1/2 5.79min) and 27Mg (t1/2= 9. 46 m). Basically 

titanium and magnesium synthesis are still a methodology similar to the one described for the 

zirconium molybdates: ammonium molybdate solutions, prepared from non- radioactive MoO3 

dissolved in NH4OH solutions of Ti (III), Ti (IV) or Mg (II) were added, and once formed, the 

pH is adjusted for the respective molybdates using NH4OH solutions. They are then dried, 

titrated, wash and irradiated in TRIGA Mark III reactor from ININ and 99Mo /99mTc generators 

prepared based on 99Mo- titanium or magnesium molybdates. Nearly 90 titanium and magnesium 

molybdates gels were synthesized, varying parameters such as pH gels, molar ratio Ti:Mo or 

Mg:Mo,  drying temperature, addition sequence of reagents and concentration and type of Ti 

solutions (TiCl4 or TiCl3) or Mg (MgSO4, Mg(NO3)2, MgCl2). Generators based on 99Mo-

titanium and magnesium molybdates were eluted every 24 hours with NaCl to 0.9%, 99mTc eluate 

characteristics were evaluated (elution efficiency, radionuclide, radiochemical, and chemical 

purities) and compared with the values set by pharmacopoeia. Inactive and irradiated titanium 

and magnesium molybdates were also characterized by XDR, scanning electron microscopy, 

thermogravimetry, infrared spectrometry and neutron activation to determine irradiation effect of 

these molybdates on physico-chemical properties [5, 6, 8, 9]. 
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According to our results, titanium molybdates, as well as their counterparts in zirconium, are 

formed from alkaline hydrolysis of titanium solutions in the presence of molybdates and are 

amorphous materials with cation exchange properties. The titanium molybdates are formed by 

titanium pentagonal faces joined to molybdenum octahedral, whose cavities allow 99mTcO4
-  ion 

diffusion through the material. Packaging and distribution of titanium and molybdenum 

structures, and hence cavity size and 99Mo /99mTc generator properties, directly dependent upon 

the conditions governing gel preparation. For example, the presence of salt occluded in gels 

during its dehydration, as well as washing after drying, improved 99mTcO4
-  ion diffusion, elution 

efficiency and general characteristics of the generators.  

This work showed that the irradiation of titanium molybdate gels does not significantly affect the 

characteristics of the 99Mo /99mTc generators, because amorphous materials are less disturbed by 

its irradiation-induced defects. Thus, these studies show the feasibility of producing 99Mo /99mTc 

generators based on 99Mo-titanium molybdates, by first synthesizing titanium molybdate gels and 

then radiating them; reducing preparation time of the generators and eliminating the use of 

special facilities. Generators prepared from the irradiation of gels synthesized under the 

conditions shown in Figure 5, comply with the values set by the Pharmacopoeia, and can 

therefore be used for medical purposes: radionuclide purity is around 99.9999%, elution 

efficiency of 95%, purity radiochemical of 95%, and 99 mTc eluates with 6.5 pH [6].  

In the case of the magnesium molybdates, preparation conditions also influence their physico-

chemical properties and generators. In particular, the type of magnesium salt (MgCl2, 

Mg(NO3)2, MgSO4) used in the synthesis of these molybdates, combined with molybdate pH 

and initial molar ratio Mg:Mo, favours or inhibits magnesium molybdate formation (MgMoO4, 

MgMO2OH7), magnesium salts (NH4MgCl3, Mg2(OH)3Cl4), polymolybdate (NH4Mo3O10, 

Mo4O11, Mo7O24, Mo9O26, Mo14O42) or molybdenum oxides (MoO3). These compounds, 

unlike generators based on 99Mo-zirconium and titanium molybdates, are crystal clear, and 

changed its colour upon irradiation, in general more intense and in some cases turning to blue 

hues, the characteristic color of molybdenum oxides (MoO3). In general, 99Mo /99mTc generators 

prepared with arrays where magnesium molybdates dominate and/or insoluble polymolybdates 

presented the best properties. However, the presence of 99Mo in 99 mTc eluates is common 

(radionuclide purity), in proportions ranging from 1 to 100 times the value recommended by 
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Pharmacopoeia (0.015%). In addition, only a third of these generators, commonly prepared based 

on magnesium nitrates, have more than 70% efficiencies.  Meanwhile generators synthesized 

with magnesium chlorides and sulfates respectively, have the lowest 99Mo percentages in eluates 

and larger radiochemical purities. According to our results, 99Mo /99mTc generators based on 

magnesium molybdates synthesized from MgCl2
. 6H2O 0.5 mol/L solutions and ammonia 

molybdates of pH = 4. 5, molar ratios of Mg:Mo 1: 2 and washed prior to irradiation, comply 

with the characteristics set out in the national pharmacopoeia: radiochemical purity greater than 

90%, 99Mo percentage less than 0.015% on the eluates, eluates pH from 5.9 to 6.4, elution 

volume around 3 mL and less than 10 ppm magnesium content. However, 99 mTc elution 

efficiency in this generator is only 20%, a value impractical for commercial use at the hospital 

level [8.9].  

 

Figure 5: 99Mo /99 mTc generators based on 99Mo- titanium molybdates 

3. 188W /188Re Generators for use in radiotherapy 

The appropriate nuclear characteristics of 188Re makes it useful for various types of cancer 

radiotherapy: it emits high energy particles β– ( 2.12 MeV) and 155 KeV gamma Ray, has a half-

life of 16.9 (h) and a chemical behavior similar to technetium [17]. Radiopharmaceuticals of 
188Re- HEDP, 188Re- EDTMP and 188Re- ABP are clinically applied in Europe, United States and 

China, to patients suffering from bone pains of metastatic origin; 188Re- Lipiodol or 188Re-(HDD) 
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- lipiodol to people with inoperable liver cancer, 188Re- MAG3 as renal excretory agent, 188Re-

(DTAP) in the early prevention of estenosis that can be produced by an angioplasty, of 188Re- Sn 

radiosinovectomia colloids, microspheres and colloids labeled with 188Re for treatment of 

diseases such as rheumatoid arthritis, peritoneal effusion and various solid tumors, among other 

diseases [18]. These radiopharmaceuticals production firstly demand, 188Re free carrier 

availability (that do not contain stable Re) and with high specific activities (a high radioactive 

concentration of 188Re per unit of mass or volume).  

188Re can occur by two processes: (1) from irradiating 187Re with thermal neutrons in a nuclear 

reactor causing it to decay whilst emitting negative beta particles β– and generating 188Os, which 

is a stable element (see reaction 1). No carrier free 188Re is obtained in this process. 

-188188           n      β+→→+ OsReRe187    (1)  

and (2) from 188W /188Re generators allowing  continuous 188Re acquisition without need for a 

nuclear reactor or particle accelerator in hospitals and research centers. Thus, the 188W /188Re 

generator is a viable option for continuous 188Re. These generators base their operation on 188W 

decay, which has a half-life of 69.4 d, generating 188Re, which in turn decays by emitting β– and 

closing the radioactive chain to form 
188Os (see Figure 6). 

 

 

Figure 6: 188W /188Re generator system 

 

 

This type of generators are commonly formed as in the case of commercial 99Mo /99mTc 

generators, by a chromatographic column loaded with an array, usually based on inorganic 

compounds, where 188W is absorbed and 188ReO4
– eluted by means of an appropriate solution. 

Once eluted 188ReO4
–, 188W retained on chromatographic column begins to decline to again 
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adsorption capacity (W retained by array weight mg), it is only possible in nuclear reactors with 

greater than 1015 neutron fluence / cm2sec given that a nuclear reaction of double neutron capture 

is required to produce 188W (see Figure 6). In the world only two nuclear reactors have these 

capabilities: ORNL reactor (Oak Ridge National Laboratory) in the U.S. and RIAR (Research 

Institute of Atomic assessment) in Russia, and only the laboratories of ORNL and POLATOM in 

Poland buys 188W from RIAR, commercially produced 188W /188Re alumina-based generators 

[19]. 188Re can be produced on a daily basis by this average or every third day for the maximum 
188Re activity to be extracted from the generator. This 188Re production cycle has a useful life of 

about 6 months, what makes this type of system appropriate in places where there is no 

possibility for nuclear reactors or a continuous supply of the radioisotope.  

The development of 88W /188Re generators has driven clinical applications of 

radiopharmaceuticals labelled with 188Re and stimulated research activities focused on the 

developing new 188Re labelled radiopharmaceuticals that are more specific for each type of tumor 

[18]. Given these conditions, and the importance of health systems in Mexico to have 188Re 

available, RMRL research group focused its efforts on developing methodologies for 188W /188Re 

generator preparation based on chromatographic columns similar to those previously described 

for 99Mo /99mTc generators. Three different chromatographic arrays were evaluated: (1) alumina, 

(2) hydroxyapatite and (3) arrays based on 188W- titanium and zirconium tungstenates [20-23]. 

The objective of these studies was to define the array and the most suitable environment, to 

permanently maintain 188W in the array, while 188Re can be quantitative and periodically 

removed, so a 188W /188Re generator can be prepared for clinical use with the following: 188Re 

elution efficiency of  more than 70%, radionuclide purity higher than 99.985%, that is, a 

presence of 188W less than 0.015% in the eluates, radiochemical purity greater than 90%, pH of 

eluates between 4.5 and 7.5 and elution volumes around 6 mL [10]. 

3.1. Generating 188W /188Re alumina and hydroxyapatite 

The conditions governing 188W /188Re generator preparation with alumina and hydroxyapatite 

base were identified in two stages, the first where the adsorption behaviour of tungsten and 

rhenium in alumina and hydroxyapatite under various experimental conditions is studied: eluent 

type and pH, mass and size of adsorbent particle, and adsorbent-eluent contact time; applying the 

radiotracer technique under static conditions. In the second stage, 188W /188Re generators were 
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Al-OH

H+

OH-

Al-OH2
+

Al-O- + H2O

Al-OHAl-OH

H+

OH-

Al-OH2
+Al-OH2
+

Al-O-Al-O- + H2O

prepared under conditions similar to first phase, and its properties evaluated: 188Re percentage 

recovered from the column (elution efficiency), 188W percentage in 188Re eluates (radionuclide 

purity), percentage of 188ReO4
- chemical species in the eluates (radiochemical purity), eluate pH, 

elution volume and aluminum or phosphate mass in the eluates for alumina-based generators and 

hydroxyapatite respectively [20-22]. The generators were eluted during 6 months every third day. 

3.1.1. 188W /188Re generators based on alumina 

According to adsorption studies, it is feasible to prepare 188W /188Re generators in alumina, 

eluting 188ReO4
- with 0.9% NaCl solutions to pH's lower than 5.6 or with HCl solutions less than 

0.1 mol/L. Under these circumstances, alumina is able to retain 0.337 meq/g W, adsorbing only 

3% rhenium and 99.9% tungsten; i.e. alumina presents a great affinity for 188W and zero 188Re 

retention. Based on these results 188W /188Re alumina-based generators were prepared, which 

were eluted with 0.9% NaCl (pH = 5.7) and HCl 0.01 mol/L; and whose eluates were evaluated 

for 6 months. The generator that presented the best features, compliance with the values set by 

the pharmacopoeia and was therefore likely to be prepared for distribution in Mexico, the eluted 

with 0.9%NaCl solutions, containing 10 mg alumina W/g; under these conditions the following 

were obtained on average: elution efficiencies of 83% 188Re, 4.5x10-4% 188W in the eluates 

(radionuclide purity), 92% radiochemical purity (percentage of the 188ReO4
-  species in the 

medium), a elution volume of 8.3 mL with less than 10 ppm aluminum content and 5.5 pH. It is 

important to mention that all of the generators evaluated provided a reduction in generator 

efficiency with the number of elutions, due to the reduction of Re (VII) to Re (IV), the latter 

weakly held in alumina due the fact that its affinity for hydroxyl groups is greater than that of Re 

(VII) or possibly by ReO2 precipitation caused by its concentration increase on alumina [20]. 

The strong affinity of alumina to tungsten in these generators can be explained by the acid-base 

properties that both alumina and tungsten ions possess. On one hand, alumina is an ion donor 

with amphoteric properties, i.e. can exchange 

anions or cations (see Fig 7).  

 

Figure 7: Ion exchange in alumina 
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Anion exchange is favored by acidic conditions, such that it gives cations to alkaline pH. In the 

case of the tungsten ions, WO4
2 - are present in basic medium, as long as pH acids polymerize if 

WO4
2 - concentrations are greater than 5 x 10-5 mol/L, paratunsgtenates and metatungstenate, as 

shown in Figure 8. The tungstenate solutions used in our studies varied from 0.08 to 0.2 mol/L. 

Thus, the strong affinity of alumina to polytungstenates anions is favored in acid, because it acts 

as a heat exchanger of anions to these conditions. Conversely, rhenium is not favored by alumina 

because it presents a greater affinity for the ions of the medium instead of the chloride ions 

188ReO4
– [20]. 

 

Figure 8. Diagram showing distribution of tungsten and aluminum species depending on the pH  

3.1.2. 188W /188Re generators based on hydroxyapatite 

In order to improve the characteristics of alumina-based generators, the use of the hydroxyapatite 

as a array of the 188W /188Re generators and 99Mo /99mTc was evaluated, given its excellent 

properties of anion exchange and promising use in fission retention of nuclear waste products. 

Adsorption studies showed that it is not feasible to use hydroxyapatite as a array of  99Mo /99mTc 

generators, when they are eluted with saline solutions, because Mo (VI) or Tc (VII) are retained 

by hydroxyapatite under these conditions. However, if the eluent is CaCl2, its use as a generator 

is feasible, but not for medical applications, and is therefore not possible to directly manage a 
99mTc patient in this medium [21-23].  

In the case of 188W /188Re generators, our results showed that W (VI) adsorption depends on the 

pH of the medium, and is strongly retained in the hidroxypatita only with 0.9% NaCl solutions 

pH
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Al2O2H3
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-
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2-

[W7O24]6-

[W12O42H2]10-
[W7O24]6-[(H2)W12O40]6-[W10O32]4-
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and pH's between 6.5 and 7, while Re (VII) adsorption is practically non-existent   between pH 

of 6 and 12. These results were prepared by hydroxyapatite-base 188W /188Re generators, eluting 

with 188Re with saline solutions of pH between 5.5 and 7. These generators generally presented 

more than 90% radiochemical purity, eluates pH of 6.5 and elution efficiencies between 65 and 

71%, values which satisfy Pharmacopoeia limits. However in all cases,  188Re eluates presented 
188W percentages to be more than 0.03% and phosphate ion concentrations of more than 1000 

ppm, thus making it impossible to use these generators for clinical applications [21,22]. 

Phosphate release during generator elution is probably due to ion exchange in the hydroxyapatite 

for anions in the medium, in this case chloride ions [24]. Phosphate presence provides evidence 

for hydroxyapatite dissolution by saline solutions and explains the 188W leak. In order to reduce 

phosphate release, tests were performed in the generators using calcium phosphate solutions as 

eluentes; however, the phosphate ions were invariably present in 188Re eluates. 

3.1.3 188W /188Re generators based on 188W-tungstenates  

Even though alumina is proven to be a suitable array to prepare 188W /188Re generators, its poor 

adsorption capacity has led to the search for alternative arrays to use 188W with low specific 

activity, which can be produced in reactors with Neutron flux of less than 1015 n/cm2sec, leaving 

the possibility of its generation open to other laboratories. Based on the RMRL Group experience 

with 99Mo /99mTc-based generators gels of zirconium and titanium molybdates [4,6,7] and 

considering the chemical similarity that Mo and W presents, and Tc and Re, 188W/188Re 

generators were prepared with 188W-zirconium and titanium tungstenate base, in developing an 

alternative array for these generators. The gels were synthesized using the sol-gel methodology 

based on zirconium and titanium alkoxides and 188W-sodium tunsgenate solutions at different 

pH's, a device built especially for it, with the help of the technical personnel Paulino Rojas Nava 

and Departmental automation engineer Tonatiuh Rivero Gutiérrez, and whose working principle 

is based on the DISIGEG, described in section 1.1.1 [22].  

The sol-gel methodology reduces synthesis time by almost 50% with respect to the precipitation 

method for 99Mo/99mTc generators, which requires 6 to 7 hours, also reducing energy 

consumption. The use of 188W-sodium tungstenate solutions, pH of highly acidic or very basic, in 

gel synthesis, decreases generator efficiency and increases 188W presence in 188Re eluates. It is 

therefore advisable to work with 188W-sodium tungstenate solutions with pH between 4.5 and 7. 
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Generators that presented the best features were those prepared with 188W- zirconium tungstenate 

gels. However, in all cases the eluate radionuclide purity was below 99.9%. Therefore, it is 

advisable to continue these studies to improve generator radionuclide purity. 

Iron, calcium and manganese tungstenates were also proposed as an alternative for preparing 
188W /188Re generators, considering that these minerals are poorly soluble in aqueous medium and 

in the presence of Cl– ions (2 x 10-4 mol/L). This was determined in the salt solubility, using a 

radiometric methodology. Ca, Mn and Fe tungstenates were first prepared under various 

conditions, and then irradiated with thermal neutrons and its solubility in 0.9% saline solution 

was determined from 187W activities. These results show that manganese and calcium 

tungstenates (S < 0. 05 mg/mL), are good alternatives for 188W /188Re generator arrays [25]. 

However, it is necessary continue with the second phase of these studies, i.e. the preparation of 

the 188W /188Re generators, to assess 188Re eluate quality in connection with the limits 

recommended by the Pharmacopoeia. 

4. Production of Radiolanthanides 

Lutetium-177, holmium-166, promethium-149 or Terbium-161 attached to molecules of type: 

EDTMP, DTAP, DOTA or Biotin, have demonstrated their enormous potential in metabolic 

radiotherapy (treatment with radiopharmaceuticals specifically designed for the tumor, to provide 

a dose of selective radiation to destroy malignant cells without harming healthy tissue), in 

particular for treatments against rheumatoid arthritis, ovarian cancer, bone marrow ablation, 

multiple myeloma, bone cancer or as in vivo generators [26]. The feasibility for using these 

agents crucially depends upon the cost and availability of the radioisotope. Unfortunately in 

Mexico, these radioisotopes are not commercially available, therefore the RMRL group proposed 

developing a methodology to produce the following radiolanthanides: promethium-149 (149Pm) 

or 151 (151Pm), Terbium-161 (161Tb), holmium-166 (166Ho) and Lutetium-177 (177Lu) so that it 

can be distributed in hospitals or for research as required locally. 

Radioactive lanthanides 149Pm or 151Pm 161Tb, 166Ho and 177Lu possess favourable nuclear 

characteristics for use in metabolic radiotherapy: β- particle emission > 0.6 MeV, γ ray emission 

< 0.3 MeV, with half-lives from 1 to 6 days and they have chemical properties that allow easy 

insertion in appropriate molecules (see table 1). However, without the availability of these 

radioisotopes with high specific activities (Bq/g) and carrier free is essential, because a low mass 
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administration is required to minimize possible pharmaceutical effects of the 

radiopharmaceutical and/or minimize receptor saturation. This is an important aspect often 

compulsory for potential clinical use of the radiopharmaceutical agent labelled with these 

radioisotopes.  

Table 1. Nuclear properties of radiolanthanides 

RADIOISOTOPE HALF LIFE  β- Maximum 
(MeV) 

γ ray emission (keV) 

149Pm 2.2 (d) 1.07 285.9 
151Pm 28.4 (h) 1.18 256 
161Tb 6.9 (d) 2.56 74.6 
166Ho 26.7 h 1.85 80.5 
177Lu 6.7 (d) 0.49 208.3 

The production of carrier-free radioisotopes with high specific activities should take place 

through indirect methods. For example, to obtain 149Pm, it is necessary to radiate 148Nd (stable 

isotope) with thermal neutrons, to generate 149Nd, radioisotope with a half-life of 1.73 h, which 

decays by emission of β- particles to form 149Pm and this in turn will produce a β- particle to 

form 149Sm, stable isotope. (See 

reaction 2). 

 (2)  

 

Once formed, 149Pm should be separated from the father neodymium (Nd148 and 149Nd). This 

same principle continues to produce 161Tb, 166Ho and 177Lu, as shown in reactions 3, 4 and 5. 

 

(3) 

                          

(4) 
 

(5) 
 

DyTbGdnGd 161161161160 →+→+→+
−− ββ γγ

ErHoDynDynDy 166166166165164 →+→+→++→+
−− ββ γγγ

HfLuYbnYb 177177177176 →+→+→+
−− ββ γγ

SmPmNdnNd 149149149148 →+→+→+
−− ββ γγ
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Two major difficulties are encountered to quantitatively isolate Nd/Pm, Gd/Tb, Dy/Ho and Yb/Lu, 

pairs: on the one hand, their chemical properties are virtually identical and on the other, the 

difference in mass between parents and daughter elements involved in the process. Levels are 

macroscopic, in the order of mg, in the case of the elements (Nd, Gd, Dy and Yb) parents and 

atoms or ng in daughter radioisotopes: 161Tb, 166Ho , 149Pm and 177Lu.  

With the aim of establishing the most technically and economically appropriate methodology, for 

producing radiolanthanides 149Pm, 161Tb, 166Ho and 177Lu with a radionuclide purity greater than 

99.99%, the feasibility of separating the following pairs was investigated: Nd/Pm; Gd/Tb, 

Dy/Hor and Yb/Lu, using two techniques: (1) chromatography by ion-exchange, using 

hydroxyapatite arrays and fluorite in various media [27,28] and (2) chromatography extraction, 

using the Ln SPS Eichrom resin as eluent to nitric acid [29.30]. Once established, the separation 

methodology of these pairs is designed and a special device is constructed that would allow the 

separation process to be easy, fast and safe [31].  

4.1 Separation of lanthanides by ion exchange 

Studies of hydroxyapatite affinity and fluorite by Nd/Pm, Gd/Tb, Dy/Ho and Yb/Lu lanthanides, 

were done by the radiotracer technique in static conditions, in five complex media: potassium 

thiocyanate, disodium tartrate, sodium citrate, EDTA and aluminona (ammonium 

aurintricarboxylate), at various concentrations and pH in order to determine the feasibility of its 

use as a means of lanthanide separation. The affinity was determined by the distribution 

coefficient Kd. According to our results, it was not possible to separate the Nd/Pm, Gd/Tb, 

Dy/Ho and Yb/Lu pairs with hydroxyapatite, the Kd values of the pairs are virtually identical, 

whereas in the fluorite, the lanthanides are not retained under any studied conditions [27,28].  

4.2 Separation of lanthanides by extractive chromatography 

The affinity of SPS Ln resin towards Nd, Pm, Gd, Tb, Dy, Ho, Yb and Lu was also studied by 

extractive chromatography. In order to achieve this, median distribution coefficients (Kd) were 

determined by the dynamic method, using radioactive tracers and nitric acid of different 

concentrations as eluent. The extractant agent of resin Ln SPS Eichrom of Darien is the acid 

di(2-etilhexil_ortophosphoric) (HEDHP) supported on a polymer. The results showed that (1) the 

Kd values of those elements, increase with reduction of HNO3 concentration, (2) the daughter 
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elements (Pm, Tb, Ho, and Lu) have greater affinity for the stationary phase than the father 

elements (Nd, Gd, Dy and Yb) and (3) Kd decrease by increasing atomic number, with a similar 

concentration of nitric acid, which is why the elution order goes from Nd to Lu [29,30]. From the 

Kd data, intervals of suitable HNO3 concentration were chosen for pair separation of Nd/Pm, 

Gd/Tb, Dy/Ho and Yb/Lu, imposing Kd maximum values of 200 mL/g, to reduce volumes and 

separation times. Separation tests of all pairs were done to finally select the best conditions, 

considering maximum efficiency and lowest eluate cost. In general, the parent elements are first 

eluted of the chromatographic column, and then the daughter elements, with specific solutions of 

HNO3. The best conditions for pair separation of 159Gd /161Tb, 157Dy /166Ho, 147Nd / 151Pm and 
169Yb /177Lu, are listed in table 2.  

Table 2. Separation conditions of 149Nd /149Pm, 161Gd /161Tb, 166Dy /166Ho and 177Yb /177Lu pairs 

[29,30]. 

 Father Efficiency 
separation 

Daughter  

Pair Radioisotope [HNO3]  
mol/L 

father/ 

daughter (%) 
Radioisotope [HNO3]  

mol/L 
149Nd /149Pm 149Nd 0.18 89  149Pm 1.5 
161Gd /161Tb 161GD 0.8 100  161Tb 3 
166Dy /166Ho 166Dy 1.5 99  166Ho 3 
177Yb /177Lu 177Yb 3.4 65.1  177Lu 9 

 

The separated radioisotopes: 151Pm, 161Tb, 166Ho and 177Lu have a radionuclide purity greater than 

99.99%. The high concentrations of nitric acid used, prevent direct usage for 

radiopharmaceutical synthesis. For this reason, it was necessary to change the medium and 

concentration of these solutions, by adding drops of NaOH to pH higher than 9's, to ensure 

lanthanide precipitation in the form of hydroxides (Ln (OH)3 Ln = Pm, Tb, Ho, or Lu). The 

precipitate was then deposited in a filter column, which was rinsed with a HCl solution 0.1 mol/L 

to dissolve the hydroxides and convert them to chlorides (LnCl3) as a final product.  

4.3 Radiolanthanides Separation Device (RSD) 
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The methodology for obtaining radiolanthanides 151Pm, 161Tb, 166Ho and 177Lu, established from 

studies of LnSPS resin affinity for the lanthanides, formed the basis for designing and building 

the Radiolanthanides Separation Device (RSD) that allows easy, safe and routine pair separation 

of 149Nd /149Pm, 161Gd /161Tb, 166Dy /166Ho and 177Yb /177Lu, to produce radioisotopes 149Pm, 
161Tb, 166Ho and 177Lu. 

The RSD was designed and built by the RMRL Group, the technician Francisco Jiménez 

Barreiro from General Workshops and the Automation Department of ININ. So, separation 

methodology of 151Pm, 161Tb, 166Ho and 177Lu was divided into seven fundamental stages: (1) 

irradiation of Nd, Gd, Dy and Yb nitrate, in TRIGA Mark III reactor from ININ with thermal 

neutrons to form the 4 radiolanthanide pairs: 149Nd /149Pm, 161Gd /161Tb, 165Dy /165Ho and 177Yb 

/177Lu (2) dissolution of radioactive salt, (3) setting of radioactive solution, containing the pair to 

be separated, in a chromatographic column filled with Ln SPS resin, (4) radioisotope recovery 

father through elution of column with HNO3, (5) daughter recovery by elution with HNO3 

radioisotope, (6) radioisotope daughter precipitate, (7) precipitate redissolution and obtaining the 

final product [31].  

The RSD is placed in an acrylic cell, shielded with two lead walls of 10 cm thickness, and is 

comprised of four main systems: (1) reagent entry system, (2) radiated vial opening (3) 

separation system integrated with a separation column and a recovery column mounted in a 

central carousel and (4) extraction and air system (see Figure 9). 

 

 Figure 9: Radiolanthanides Separation Device (RSD) interior and exterior view. 
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RSD allows separating the 149Nd /149Pm, 161Gd /161Tb, 165Dy /165Ho and 177Yb /177Lu pairs with the 

following efficiencies: 84, 100, 99 and 67%, to produce radioisotopes: 149Pm, 161Tb, 166Ho and 
177Lu with radionuclide purity of greater than 99.99%, in a time of 2 to 5 hours, depending on the 

pair to be separated. 

4.4 Preparation of extractive resins in RMRL [32] 

Commercially Eichrom Technologies Inc. produces the extracted Ln SPS Eichrom resin prepared 

from di (2-etilhexil) orthophosphoric acid (HDEHP) and used for lanthanide and actinide 

separation with great success. The popularity of the HDEHP is due to the advantageous 

separation factors for rare earth using infused hydrophobic (kieselguhr) or silica gel as support 

for extraction by chromatography [33]. However, the disadvantage of this extract is the cost (50 

g: $ 730). For this reason our group proposed to develop a methodology for preparation of 

extractive resins based on HDEHP, to separate the pairs 149Nd /149Pm, 161Gd /161Tb, 165Dy /165Ho 

and 177Yb /177Lu and generate a technology for preparing these resins. Prepared resins with six 

supports: kieselguhr DG, alumina, red tezontle, chiluca, quarry and fluorite; using two types of 

treatment of silanization of the supports: dimetildiclorosilano/heptane solution 1: 30 and by 

contact with DMCS (dimethyldichlorosilane) vapor in vacuum, and changing the ratio of the 

HDEHP extract in acetone (1: 4, 1: 8, 1: 15, 1: 20, 1: 30 and 1: 40). The 161Gd /161Tb pair was 

selected to test the efficiency of these resins, identifying two main parameters: Gd-Tb separation 

efficiency and 161Tb radionuclide purity, which express the viability of separating both elements 

and 161Tb purity. 0.8 mol/L HCl is used as eluent to recover Gd and 3 mol/L to extract 161Tb. 

Physical and chemical changes in different stages of preparation of the mineral-extracting resins 

were determined by various means: X-Ray Diffraction (XRD), to determine the crystalline 

phases of the sample; Scanning Electron Microscopy (SEM), for the morphology of the materials 

used; Infrared Spectroscopy (IR), for the molecular structure; and surface area measurement. The 

characterization of the media used (kieselguhr, alumina, quarry, chiluca, tezontle and fluorite) 

showed that the first two are the best options to develop this type of resin; given that the Alumina 

showed a surface area greater than 190 m2/g, allowing the majority of the extract to be retained.  

According to our results, using DMCS vapor is the best procedure for the silanization of the 

media, with best HDEHP/acetone concentration of 1: 20 and the best support is kieselguhr. The 

extractive resin prepared under these conditions allows the Gd/Tb pair to be separated with an 
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efficiency of 90.7% while obtaining 161Tb with a purity of 99.86%, improving even the Ln SPS 

resin performance for which 85.9% efficiencies are obtained with purities of 99.5%. On the other 

hand, the preparation of 1 g of extractive resin with the proposed methodology has a cost of $7.6 

USD as the commercial resin Ln SPS Eichrom is $14.6 USD/g [32].  

5. Collection of 131I  by distillation from TeO2 

There is a constant development of radiopharmaceuticals of iodine, as well as in obtaining 

labelled biomolecules in nuclear medicine. Radiopharmaceuticals of iodine include proteins, 

biomolecules of low molecular weight and monoclonal antibodies. The iodine radioisotopes used 

in the preparation of radiopharmaceuticals in nuclear medicine are: 123(I), 125(I) and 131(I). This is 

used for clinical diagnostics for the following reasons: a) its half-life is 8.05 days, allowing 

radiopharmaceuticals to be prepared in commercial proportions, b) obtaining it is easy, through 

TeO2 irradiation with low production cost and c) gamma energy 364 keV, enough to penetrate 

deep into human body tissue and to obtain gammagraphic images. At present, 131I is produced 

from: a) products of uranium fission and b) from tellurium and tellurium oxide (TeO2) irradiation 

using dry distillation methods. In dry distillation, the target (TeO2), is placed inside a quartz 

capsule and once inside an electric oven; the oven temperature is increased, 131I is released from 

TeO2 in the form of gas which is suctioned through a vacuum system and captured in a receiver 

containing NaOH, where it becomes Na131I. 

When the separation of the 131I is carried out under conditions of uniform temperature throughout 

the entire oven, where it does not have a distillation control system connected to the electrical 

system and the distillation system, there is a high probability that pollution accidents occur. 

Exposure rates within the processing cell are high and therefore put the operator at risk. With the 

aim of eliminating these drawbacks, the RMRL Group developed distillation equipment for 131I. 

This equipment consists of three systems interconnected with each other: the control system for 

target distillation, the electrical system and the distillation system. This equipment guarantees 

low levels of 131I contamination, high yield in obtaining the end product, ease of handling and 

precise control of the distillation parameters of 131I [34-36]. 

5.1 Obtaining of 131I  by dry distillation from TeO2 
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Due to the demand that exists in Mexico to develop applicable radiopharmaceuticals production 

techniques in nuclear medicine, the National Nuclear Research Institute decided to develop a 

process for obtaining 131I by the dry method from TeO2. 

The process of obtaining 131I, begins with the synthesis of TeO2 as a raw material, from the 

oxidation of elemental tellurium with HNO3, in the presence of air. Subsequently the TeO2 

passes to the synthesis process in the form of ingots allowing its encapsulation with aluminium, 

to be irradiated under optimal parameters in the nuclear reactor. The irradiated TeO2, goes to the 

cooling stage and then to the dry distillation of 131I. The processing equipment consists 

principally of three parts: a) the distillation system, made from pyrex glass, quartz, where 131I  is 

separated from radioactive parents: 131Te and 131 mTe, b) distillation system control and (c)) the 

electronic system for the furnace ventilation system and vacuum system [34]. 

The kinetics of TeO2 synthesis reaction was studied as well as conditions which favored more 

effective 131I capture and optimal cooling time. Irradiation parameters were optimized in the 

nuclear reactor such as irradiation time and TeO2 mass, to obtain maximum 131I output, at the 

lowest cost. Additionally, temperature and pressure conditions during distillation were studied 

[34-38]. 

The most important equipment aspects include the design of each component, resulting in the 

effectiveness of routine 131I production (industrial), whose final product can reach a 

radiochemical and radionuclide purity of over 99%, thus achieving a more pure and economic 

product with fewer risks, from the perspective of radiation safety and above all, preventing its 

importation and allowing Mexico to become self-sufficient in 131I production provided that 

Mexico must have a nuclear reactor with power ≥ 10 MW; currently the TRIGA reactor Mark III 

has a potential nominal maximum of 1 MW [39]. 

6. Extraction of phosphorus-32 from sulfur-32 

Research studies from the original material (sulphur-32), its purification and irradiation in the 

reactor, production process at the prototype level and finally, industrial design and construction 

were carried out for phosphorus-32 (32P) production. 
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The 32P method was selected based on previously established studies of physical and chemical 

sulfur and nuclear reaction properties were studied to produce 32P in the nuclear reactor TRIGA 

Mark III. 

Once sulfur is irradiated, it must be separated from 32P using various tests, then a prototype and 

finally production equipment must be developed mainly composing of: to) reagent injection 

system, vacuum and gas extraction system b) the electrical system and c) the mechanical system. 

With this equipment (see figures 10 and 11), a maximum of 30 g of sulphur mass, can be 

processed independently from other parameters involved during reactor irradiation. The resulting 
32P occurs in the form of H3

32PO4 solution and can be used in medicine, industry and agriculture 

[40-41].  

7. Perspectives 

Applications of radioisotopes in medicine, industry and research depend on the specific needs of 

each area and the availability of these radioisotopes for use. It is therefore of vital importance for 

our institution to depend upon radioisotope production programs covering both present and 

future needs of radioisotopes users in Mexico. This involves a multidisciplinary work between 

administrators and scientists or technologists. The RMRL Group will have as objectives, to 

identify the needs of the domestic market and develop the required radioisotope production 

methodologies. It is also desirable that the ININ has a catalogue of new radioisotopes that 

promotes the need for its use and enhance its applications, as is the case of 188W/188Re generators 

and  radiolanthanides, whose production methodologies are already finished products requiring 

institutional impetus for their exploitation and utilization. The same applies to the processes of 
131I, 32P and  99Mo/99mTc generators that after having required arduous input into its development, 

scaling to a commercial stage still has not been materialized. In addition, it is essential that ININ 

has a nuclear reactor or a particle accelerator that has the capacity to produce radioisotopes in a 

commercial manner; currently only samarium-153 is locally produced and the rest of 

radioisotopes (99Mo, 131I, 125I, 202Tl) are purchased abroad. For example, a cyclotron would 

develop methodologies for radioisotope production of ultrashort and short half-life of special 

interest in nuclear medicine. 
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Figure 10. Phosphorus-32 production process. 
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Figure 11. Processing of phosphorus-32 (32P) from sulfur-32. 
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