
Topical meeting on fuel reprocessing and waste 

j r k r „
e H o l e A WY (USA) 26-29 A u g 1984 

CEA-CONF—7632 

ADVANCED IMMOBILIZATION PROCESSES 
FOR FUEL HULLS AND DISSOLVER RESIDUES 

W. Hebel, CEC, B-1049 Brussels 
G. Boehme, KfK, D-7500 Karlsruhe 

J.R. Findlay, UKAEA, Harwell 0X11 ORA 
C. Sombret, CEA, F-30205 Bagnols-sur-Cêze 

ABSTRACT 

Various research and development projects for the conditioning of 
cladding scraps and dissolver residues are pursued within the scope of the 
R & D programme on nuclear waste Management of the European Community. They 
include the characterization of the waste materials arising from industrial 
fuel reprocessing and the development of different waste immobilization 
techniques. These concern the embedment of the scraps and residues into 
inert matrices like cement, metal alloys, compacted graphite and sintered 
ceramics as well as the treatment of the fuel hulls by melting or chemical 
conversion. The conditioned waste forms are tested as to their relevant 
properties for activity enclosure. 

INTRODUCTION 

Investigations are being pursued in the Member Countries of the 
European Commmunity with the purpose of studying and developing possible 
advanced methods for the conditioning of cladding scraps and dissolver 
residues arising from the reprocessing of nuclear fuel. This R & D effort 
has continued to be supported by the Community programme on radioactive 
waste management and storage since 1976. At present, the research acti
vities gradually pass from the initial exploratory stage of cold and lab-
scale tests into the phase of testing under hot radioactive conditions (7). 

Fig. 1 gives a general view on the subjects and volume of the Community 
sponsored development work in that field which is conducted under contract 
by specialized laboratories or organizations in the Member States. The 
share of financing supported by the European Commission usually arrives at 
40Z of the total expenses Incurred by the contractors. 

Concerning the R & D sub-programme on the conditioning of fuel 
claddings and dissolution residues, the global expenses amount to about 10 
million ECU (i.e. about 8.5 million US Dollar) spent during the last 8 
years. Almost half of it was spent on the development of conditioning 
methods for fuel hulls, followed by those for fuel dissolution residues 
(25%) and by the characterization of the raw wastes to be treated (19%). 
About 10Z were determined to various studies. 

Although those global expenses appear relatively modest, they brought 
about a valuable common understanding of the technical problems involved In 
a number of advanced waste immobilization processes. 



CHARACTERIZATION OF THE RAW WASTES 

An Important part of the joint programme consists, as mentioned above, 
in the characterization of the spent fuel hulls and of the activities 
associated with them. Zircaloy hulls from LWR's were examined initially on 
laboratory scale and are being characterized, at present, by representative 
samples taken from an industrial reprocessing plant. The stainless steel 

-hulls of fast breeder reactor spent fuel are also characterized by small 
genuine samples, along with the corresponding dissolver residues, origina
ting from prototype FBR fuel reprocessing. 

Also measuring methods are developed and tested for the non-destructive 
control of the remainder of fuel and alpha activity associated with large 
quantities of discarded Zircaloy hulls. 

The earlier work at Harwell (3) on small samples of hulls showed gross 
alpha activities of a few Ci/t of cladding scraps and a corresponding 
residual fuel content of about 0.1% of the initial amount of fuel contained 
in the hulls. These findings are now going to be checked, among other 
examinations, by CEA in France on bulk quantities of LWR Zircaloy hulls 
(batches of several liters) drawn from the industrial reprocessing plant at 
La Hague. The analytical results are used simultaneously for the checking 
up of a non-destructive method (neutron emission technique) for the opera
tional control of the gross alpha activity associated with the cladding 
scraps discharged from the fuel dissolution process. Also the tritium 
content of the Zircaloy hulls, another possibly problematic activity compo
nent of this waste, is being analyzed at present and is to be compared with 
values in the range of 1 Ci/kg found in earlier work on small samples (5). 

Fig. 2 shows a heap or Zircaloy scraps recovered from the industrial 
fuel dissolution at La Hague in France. 

The hulls of fast reactor fuel (DFR) are examined at Harwell (UK). 
They showed, after laboratory scale dissolution of the fuel a much higher 
residual fissile material content than Zircaloy hulls, but a simple decon
tamination technique using nitric acid removed most of the alpha con
tamination from the stainless steel hulls down to the Cl/t level like for 
the Zircaloy scraps from LWRs. 

Also insoluble dissolver residues from the DFR and the Prototype Fast 
Reactor (PFR) are characterized by UKAEA at Harwell. The results from the 
scanning electron microscope showed that PFR insoluble residues contain 
pieces of amorphous material in wich small spherical particles were 
embedded. These particles were shown to contain the noble metal fission 
products (Mo, Tc, Ru, Rh and Pd) and the disssolution residues contained 
20-401 of the noble metals formed during fission. After cooling for 1 year 
heat generating in the residues is dominated by ruthenium decay and the heat 
outputs from two PFR residues were 0.13 and 0.08 w/g after 750 and 1690 days 
of cooling respectively. 

Additional characterization work is in progress at Karlsruhe (Germany) and 
Saluggia (Italy). It concerns, respectively, a series of experiments to 
determine the conditions of pyrophoricity for Zircaloy fines generated 
during the processing of LWR fuel and, secondly, the comparative analysis of 
hulls from spent CANDU reactor fuel. 
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CONDITIONING OF FUEL HULLS 

The ordinary Portland cement, as an immobilization matrix for fuel 
hulls» does not appear to be completely satisfactory under certain cir
cumstances, in particular with regard to its waste enclosure capability in 
the long term. This long term behaviour is important, however, looking at 
the non-negligible content of alpha emitters associated with the hulls' 
waste, as mentioned above. Improved immobilization methods are therefore 

-studied In the scope of the Community programme along with specific tests to 
better evaluate the properties of the ordinary cement matrix. 

In the latter case, work done at Karlsruhe (9) showed that a cement 
matrix is destroyed following the exposure to quinary salt solution after 
about 1 year. Also the resistance of cemented active hulls against the 
leaching of activity in aqueous media was tested here as veil as the gas 
release from the matrix due to radiolytic effects. A tritium release rate 
of the order of 10 per year was measured, but also a quite noticeable 
release of krypton gas was stated. 

As to the development of advanced immobilization matrices several 
processes are under study. 

Enclosure into Lead Matrix. 

The nuclear research centre at Mol (Belgium) has been conducting an 
extensive experimental programme on the incorporation of fuel hulls into 
lead alloys (6). Molten lead is poured under vacuum on a pre-compacted 
cladding lump. The feasibility of the process could be demonstrated in 
laboratory scale tests, but the lead alloys used were not completely 
adhesive to the zircaloy surface. Small interstices or shrinkage gaps are 
left open and can give rise to activity release. Tests with radioactive 
zircaloy samples have shown good leach resistance of the lead compounds, 
especially in a clay environment considered for final storage, but only in 
so far as an inactive lead layer of sufficient thickness covered the core of 
cladding waste. The treatment of compacted hulls at an elevated 
temperature, around 450°C, necessary for the melt, seems to mobilize part of 
the associated activity, in particular cesium. A different technical 
aproach of the method has recently been set about which will avoid the 
negative effect of the liquid metal on the compacted hulls, while main
taining anyhow the good corrosion resistant containment provided by the 
chosen lead alloy. The reference alloy Is Pb with 1,52 Sb, it showed a 
remarkably low corrosion rate of about 1 um per year in clay environment and 
only slightly higher values in salt brine. 

Under a compaction pressure of 3000 bar, it is possible to reduce the 
bulk volume of Zircaloy hulls by a factor of 4 to 5, yielding thus a compact 
of about 2/3 of theoretical density. A remotely controlled press of 300t is 
going to be used for this purpose at Mol. 

Enclosure into Graphite or Aluminium Matrix 

A different process for the encapsulation of cladding scraps is being 
studied by the NUKEM Company, Germany (8). It aims at the enclosure of the 
waste matf̂  «al in a compacted compound of graphite or aluminium powder. The 
press compaction of the compound is realized at elevated temperatures. So 
far, technical scale testing of different matrix compositions has been made 
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with inactive, simulated hulls only. Good results were obtained till now 
with a matrix composed of graphite (80Z) and sulfur (20Z) which is pressed 
by 200 bar at 130"C. The compound contained about 20 w/o of simulated 
stainless steel hulls and was compacted to about 98Z of its theoretical 
density. A waste-free outer shell of 30mm thickness serves as corrosion 
barrier. The corrosion rate tested in saturated brine at 90°C was quite 
low, namely of the order of 10 urn per year. Also good mechanical properties 
are observed for this compacted matrix. 

A drawback of the graphite/sulfur matrix is, however, the relatively 
-, low melting point of the sulfur component (120°C). Other matrix variants 
are therefore investigated in parallel, such as graphite compounds con
taining nickel sulfide and, on the other hand, compounds composed of com
pacted aluminium alloy powder. Those compounds need, however, higher 
compaction temperatures, i.e. around 450*C. They are presently in the state 
of technical testing and evaluation. 

Enclosure into Improved Cements 

The ordinary Portland cement is composed of hydrous matter which may be 
subject to radiolysis and the formation of hydrogen during storage of th 
waste packages. So-called ceramic cements, consisting mainly of reactive 
sodium and kalium silicates, are largely anhydrous and should thus be less 
affected by radiolysis. Investigations on those matrix materials were 
therefore initiated by the nuclear research centre at Karlsruhe, Germany, in 
1983. From the different commercially available basic materials a suitable 
mixture was selected which is now being tested as to Its processing 
abilities and product properties. It was found by laboratory experiments 
that an initial water content of the mixture of about 12-15% is necessary 
for processing purposes. It can be eliminated later from the matrix 
material by drying of the product around 100°C, wich leaves little residual 
water content, but a considerable percentage of open porosity. Preliminary 
corrosion tests in salt brine showed, however, no signs of attack, whereas 
Portland cement specimens are decomposed under simitar conditions. Further 
evaluation of the ceramic cement material is under way. 

Conversion into Zirconia 

Zircaloy fines are potentially pyrophorlc, but massive hulls are 
generally regarded as safe. The complete stability of Zircaloy hulls over 
long priods of storage, however, is difficult to guarantee and one method of 
dealing with them is to convert them into a theroodynamically stable form. 
A process for the conversion of Zircaloy hulls into ZrO. has therefore been 
examined at Harwell (UK) (10). The zircaloy is dissolved in ammonium 
fluoride solution and precipitated as hydrous zirconium oxide using ammonia. 
The precipitate is washed and dried and can be hot-pressed and/or immobi
lized in cement. A chemical engineering assessment of the process has been 
made and flowsheets prepared. In experiments with active Zircaloy hulls 70% 
of the fission product activity appeared in the ammonium fluoride used to 
dissolve the hulls, but 80% of the alpha activity remained with the (small 
amounts) of insoluble residues. Caesium could be removed from the dissolver 
liquors using ammonium hexacyanocobalt ferrate ion exchanger.-

After testing of the process in a cold pilot plant equipment along with 
hot laboratory experiments on small active samples, the further development 
of this method was discontinued for several reasons amoag which the non-
negligible generation of secondary waste quantities in the process. 
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Conditioning by Melting 

In a different project pursued by CEA at Marcoule (France), the melting 
of zircaloy and stainless steel hulls is being investigated. Earlier 
studies involving non-radioactive materials have shown the feasibility of 
the method (1). The melting process uses metal additives to the raw wastes 
in order to lover the fision temperature. With 20Z copper, the zircaloy 
melts below 1200°C. 

First hot tests were done using genuine Zircaloy hulls from the La 
Hague reprocessing plant. They showed that a non-oxidizing atmosphere is 
"necessary in the crucible to produce a metallic ingot of good surface 
quality. Satisfying results were obtained with hydrogenated argon. A non-
negligible quantity of activity associated with the hulls is volatilized by 
the melting process, as expected. Almost half of the Cs-134 and CS-137 
activities were found in the off-gas filtering system of the crucible, 
followed by Ce-144, Ru-106 and Sr-90 in the range of a few percent. The 
tritium content of the Zircaloy hulls was probably completely released and 
trapped from the off-gas to an extent of about 0,2 Ci/kg of hulls. 

In order to bind part of the activities adherent to the raw waste, in 
particular the alpha activity, melting tests were also, fsrfunn°.d by U3ing 
fluoride slag as an additive to the Zircaloy hulls. Although satisfactory 
results could be observed at first with inactive waste material, the decon
tamination effect of the flux on genuine active hulls was not readily 
obtained and the ingot looked like a composite or brick material. 

The research work on the melting process is being continued at present 
(10), and several ingots made from representative hot Zircaloy fuel hulls 
are under leach testing. Figure 3 shows a metallic ingot specimen produced 
at Marcoule. 

IMMOBILIZATION OF DISSOLUTION RESIDUES 

As to the immobilization of dissolver residues, a research work is being 
conducted at Karlsruhe (Germany) in order to incorporate this kind of waste 
in a sintered ceramic matrix, which is composed of alumina and silica (2). 
The waste, in particular alpha-bearing waste, is mixed with the green 
material and extruded into pellets. According to the ratio of alumina and 
silica in the matrix the pellets are sintered at temperatures around and 
above 1300°C. After exploratory cold tests to determine the appropriate 
parameters for matrix composition and process conditions, first attemps were 
made with small quantities (several grams) of active, genuine residues from 
fuel dissolution (10). The waste content of the ceramic matrix can amount 
to 20% and even more at an average density of the host material of about 2.5 
g/cm . It was found in general that the resistance of the matrix against 
the leading of activity was excellent and even better than the borosilicate 
glass. The leach resistance increases with the alumina content of the 
matrix material, which falls in the range of 60 to 80 w/o, the remainder 
being silica (Si02). 

Matrix specimens loaded with plutonium ash from-the incineration of 
alpha wastes, showed leach rates of the order of 10- g/cm d in distilled 
water at room temperature. Also good.compressive strength of the sintered 
products is observed (around 150 N/mm ), whereas the open porosity falls in 
the range of a few percent. 
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Tests were conducted as well on the volatility of ruthenium and 
molybdenum during the high temperature sintering stage of the matrix. The 
sintering atmosphere and specific additives to the matrix show to have a 
controlling effect on the degree of volatilization of those elements which 
can be reduced to snail values. 

The process development of the ceramic waste matrix is being continued 
at Karlsruhe and passes presently from the exploratory lab-scale 
investigations into a half technical test with specially designed equipment 
installed in a chain of hot cell boxes. 
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