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ABSTRACT 
 
 

Some 50 years ago in Geneva Conferences I, II and III (1955. 
1958 and 1964) on the Peaceful Uses of Atomic Energy, and 
also in Vienna Symposium on Reactor Experiments (1961), 
several papers where presented by different countries referring 
to advances in homogeneous suspension reactors.  
 
In particular the Dutch KEMA Suspension Test Reactor (KSTR) 
was developed, built and successfully operated in the sixties 
and seventies. It was a 1MWth reactor in which a suspension (6 
microns spheres) of mixed UO2 / ThO2 in light water was 
circulated in a closed loop through a sphere-shaped vessel. 
 
One of the basic ideas on these suspension reactors was to 
apply the fission recoil separation effect as a means of 
purification of the fuel: the non-volatile fission products can be 
adsorbed in dispersed active charcoal and removed from the 
liquid. 
 
Undoubtedly, this method can present some advantages and 
better yields for the production of Mo-99 and other short lived 
radioisotopes, since they have to be extracted from a liquid in 
which practically no uranium is present. 
 
Details are mentioned of the different aspects that have been 
taken into account and which ones could be added in the 
corresponding actualization of suspension reactors for 
radioisotope production. In recent years great advances have 
been made in nanotechnology that can be used in the tailoring  
of fuel particles and adsorbent media.  
 
Recently, in CNEA Buenos Aires, a new facility has been 
inaugurated and is being equipped and licensed for laboratory 
experiments and preparative synthesis of nuclear nanoparticles. 
RA-6 and RA-3 experimental reactors in Argentina can be used 
for in-pile testing.  



 1. Introduction 
 
 
Radioisotopes obtained from the fission of 235U are usually produced from a target material in 
a heterogeneous reactor [1]. In fluid fuel reactors, fission products can be recovered by 
separating them from the moderating liquid without using any additional target. This 
alternative, and the possibility of using low enriched uranium (LEU), makes homogeneous 
reactors attractive to be studied from the point of view of producing commercial radioisotopes 
and withstanding non proliferation objectives [2]. 

 
 

2. Homogeneous Suspension Reactors 
 
 
Laboratory experiments performed by H. Halban and l. Kowarski at Cambridge University in 
England at the end of 1940 indicated hat a successful self-sustaining chain reaction could be 
achieved with a slurry of uranium oxide (U308) in heavy water. These initial developments of 
aqueous homogeneous reactors were delayed because of heavy water shortage in the early 
forties. Next experiments were performed when enriched uranium could be available. 
Simultaneously with the development of aqueous homogeneous reactors [3] several 
prototypes of suspended particles or semi-homogeneous [4] fluid fuel reactors were thought 
up. By the end of the decade there was increased interest to determine the potentialities of 
suspensions of solid uranium compounds as reactor fuels as a result, for example, of high 
temperature instabilities of uranium sulphate solutions. Fuel- and fertile-material suspensions 
with uranium oxides slurries and thorium oxide slurries were studied for power production 
and breeder reactors.  
 
Attention was specially focused to homogeneous reactors since large energy outputs could 
be achieved per unit volume with negative temperature coefficient, no structural metallic fuel 
elements, possibility of continuous purification and, hitherto, high burn-up of fuel could be 
achieved. These advantages are also common for suspension reactors. Some prototype was 
thought to work with slightly enriched UO2 suspension using light water as moderator [5]. The 
idea of this prototype was to investigate the stability of the reactor with fluctuations of 
suspension concentration, the performance of the suspended particles, reactor materials and 
liquid moderator under corrosion, erosion, particle attrition and radiation damage and 
decomposition. Also it was of interest to investigate continuous and batch type purification 
methods knowing, for example, that for safety reasons, the delayed neutrons must be 
liberated inside the reactor and this is related with controlling conditions in the circulating 
velocity of suspended particles.  
 
Although the purpose of this prototype was for power production, it is interesting to notice 
that the size of the particles between 5 and 12 microns is such that fission products will 
finally finish in the liquid having low probability of reentering another particle. The purpose is 
to automatically separate poisoning fission products; any other radioisotopes of interest could 
also be separated. The decomposition of the suspension liquid caused by the fission 
products, on an average, is a factor of two smaller than in a homogeneous solution reactor 
since the stopping path is half through the particle and the other half in the liquid. Also a 
smaller decomposition is expected from the point of view that practically no electrolytes that 
promote the formation of hydrogen and oxygen need to be present, as in the case of a 
homogeneous solution. 
 
Homogeneous reactors are classified as circulating fuel or boiling, depending upon the 
method of removing heat. A circulating fuel reactor is one in which the fluid fuel is circulated 
through the reactor and external exchange equipment removes heat by natural or forced 
convection. In a boiling reactor heat is removed by vaporizing coolant in the reactor and 



condensing the separate vapor in external heat exchangers [6]. A boiling reactor may 
operate either with an unorganized or an organized circulation of the active mixture [7].Also 
aqueous homogeneous reactors were classified as “one-region” or “two-region” according to 
the distribution of fissile and fertile materials in the reactor [6]. These classifications can also 
be extrapolated for the cases of homogeneous suspension reactors.  
 
An important issue to take into account when looking backwards homogeneous or semi-
homogeneous (suspension) reactors is that they were intended for power production. When 
thinking nowadays on homogeneous reactors for radioisotopes production, new designs can 
be sustained on behalf of smaller powers involved per production unit.   
  
 
3. Suspension Developments Review 
 
 
It is illustrative the starting and finishing comments of the Oak Ridge National Laboratory 
work untitled “Aqueous Uranium and Thorium Slurries” [8] about fisil and fertile fuels in 
suspension. Several advantages were early recognized when preliminary chemical and 
engineering studies were conducted at Columbia University and at the University of Chicago, 
with special emphasis in stating that uranium slurries as homogeneous reactor fuels have the 
significant advantage over solutions of being less corrosive; and concluding that both slurry 
fuel and slurry fertile systems can be developed for nuclear purposes after analyzing 
chemical stability, preparation methods, abrasion-corrosion, caking, sedimentation 
characteristics and pumping methods. 
  
The Pennsylvania Advanced Reactor (PAR) Project, that began in 1955, had as objective to 
determine the feasibility of building a 150 MW (electric) aqueous homogeneous pressurized 
reactor for central station use with a mixture of uranium oxide fuel and thorium oxide fertile 
material of a single-region slurry type [9, 10]. France [11], Netherlands [12, 13] and 
Czechoslovakia [14] also showed interest in suspensions containing dispersed uranium in a 
boiling reactor (PHOEBUS), pressurized aqueous suspension type small reactor with a slurry 
containing 4% by volume of UO2 (20% 235U) particles of 4-13 microns size [15] (KSTR, KEMA 
Suspension Test Reactor) [16, 17] and a homogeneous pressurized reactor with fuel 
suspension of enriched U3O8 of 10 MW (thermal), respectively. United Kingdom performed 
chemical investigation in the preparation and properties of slurries of thorium, uranium and 
plutonium oxides [18] while Australia carried out research on the dynamic properties of 
suspensions in pumped loops to provide information for a liquid metal fuel suspension type of 
reactor [19]. 
 
 
4. General and Particle characteristics 
 
 
It seems that there are no significant differences between using a solution or a suspension in 
the analysis of the type of homogeneous reactor (circulating fuel or boiling) to be used for 
radioisotopes production. Specific powers of 20 KW per liter of suspension, and even much 
higher, and average thermal neutron fluxes in the reactor core higher than 2.1013 n/cm2sec 
can be obtained. From past experiences in homogeneous suspension reactors a series of 
considerations can be outlined from the point of view of the implicitness referring to 
suspended particles.  
 
The size of the particles should be smaller than the penetration distance of fission products 
that is of the order of 10 microns. If the volume concentration of the particles is low (a few 
volume percent) as will be the case for a 20% enriched uranium it is to be expected that the 
greater part of the fission products will be stopped in the water and not re-enter the particles.  



The lower limit is determined by the possibility of simple and efficient mechanical separation 
of fuel particles and water, the latter containing fission and corrosion products, in solution or 
as small precipitates. This dimension can be taken such that particles should be bigger than 
1 micron. In the minimum size criteria it can also be considered that nuclear recoils produced 
by non fission neutron captures should be smaller than the minimum size of the particles so 
as to retain transformed nuclei in the solid media. The settling velocity of 10 microns particles 
containing uranium in water is approximately 0.5 mm/seg. This velocity means that stirring 
should be present to avoid particles deposition. 
 
The rate of water decomposition in suspensions is lower than in the case of solutions since 
fission products loose part of their energy in the generating particles and the recombination 
back reaction under catalytic action of the particles is promoted. If the generating rate and 
recombination is not enough, as in the case of high power designs, an additional catalytic 
recombining system of hydrogen and oxygen will probably have to be incorporated in some 
kind of plenum chamber. 
 
It is desirable that the particles have small specific surface in order to reduce adsorption of 
liberated fission products. To diminish adsorption effects, particles could additionally be 
covered with a convenient cladding, as for example an amorphous, crystalline or mixed 
oxide, or even graphite. Coverage can also help in controlling erosion, attrition and 
hydrodynamic properties. The fact that fission products can be controlled to be mainly in the 
water without presence of uranium is an interesting system for obtaining important yields in 
radioisotopes production. This item, or verification of this hypothesis, is important to perform 
in present first experiments. From another point of view, addition of adsorbent substances 
such as big particles of activated carbon, could help in the recollection of fission products 
from the liquid. Particles, precipitates and solution can be handled and separated for further 
processing by hydrocyclones specially designed.  
 
In the case of suspension systems attention should also be directed to the possibility of 
particle attrition, ought to the moving suspension and radiation damage, and instabilities due 
to settling if the circulation of the compound fluid failed . 
 
Since suspension of particles is conceived basically as a physical system in contrast with 
solutions that have chemical characteristics, other fluids can be considered to be used as 
moderators and coolants, as in the case of organic compounds such as dyphenil and 
terphenyls [20]. 
 
 
5. Conclusions 
 
 
In solution reactors, uranium concentration is limited by solubility or corrosion effects, and in 
slurries, by the effective viscosity and settling characteristics . Concentrations up to 4000 
g/liter may he considered for fluidized beds, four times higher than for solutions. 
 
Important control of the chemistry of the fluid can be performed in the case of suspended 
particles since the presence of uranium and plutonium is extremely reduced outside the 
particles. Size of suspended particles and their concentration should be such that fission 
products are liberated towards the liquid without reentering another particle. It is expected 
that these characteristics of suspended particles homogeneous reactors be directly related 
with important yields of extraction of radioisotopes of interest. It is being planed to perform 
experiments in which this capability can be evaluated.  
 
Compound particles containing the fissile elements and particles that adsorb fission products 
can be designed on behalf of increasing the performance of radioisotopes production. 
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