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ZUSAMMENFASSUNG 

Seit 1967 wird am EIR das "sphere-pac" B »nnstoffkonzept 
entwickelt, welches von dem vielversprechenden nasschemischen Verfah
ren der internen Gelierung und Fällung der Netalloxide mit anschlies
sender karbothermischer Reduktion Gebrauch macht. Als Vorteil gegen
über asn eingeführten Pellet-Verfahren kann eine kürzere und v r allem 
staubfreie Fabrikation hervorgehoben werden. Für die Karbide resul
tiert daraus auch ein kleineres Brandrisiko. Die nasschemischen Ver
fahren eignen sich hervorragend, um in geschützten, integrierten Fa
brikationszentren eingesetzt zu werden, in welchen für die Sicherung 
des Plutoniums vor Nissbrajch neuartige Wiederaufbereitungsverfahren 
Eingang finden werden. 

RESUME 

Le concept du combustible spheroidal "sphere-pac" a 6te mis en oeuvre 
I 1'EIR ä partir de 1967. II repose sur la fabrication par voie humide 
de microspheres de carbures d'U et de Pu, et fait appel ä la mfithode 
de precipitation sol-gel interne, suivi d'une reduction thermique 
des precipitfis d'oxides metalliques par le carbone. Les avantages 
de ce proc£d£ par rapport ä la fabrication des pastilles sont un 
schema de fabrication plus simple, peu de poussi§re,un danger 
d'incendie reduit avec les carbures et une securite accrue en ce qui 
concerne le plutonium. Le procede est particuliSrement adapte 3 un 
couplage direct avec une usine de retraitement, car il pennet 
d'utiliser des solutions renfermant un melange d'U/Pu accompagne 
d'impuretes hautement radioactives. 

SUMMARY 

Since 1967, EIR has been using the sphere-pac fuel concept, which 
takes advantage of the wet route fabrication of (U.Pu) Carbide-micro-
spheres using an internal gelation method, followed by carbothermic 
reduction of the precipitated metal-oxides. 

Some of the promises of the wet process are a shorter fabrication 
route than for pellet manufacture, no dust problems, reduced fire 
hazard for carbides, and last but not least the Improvement of Pu 
safeguards. The method is particularly suitable for direct coupling 
to a reprocessing plant, where coprocessing of both U and Pu and 
spiked solutions will be possible. 
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1. INTRODUCTION 

A great deal of expertise has been gained throughout the world with 

oxide and carbide pellet fuel manufacture. With the aim of improving 

both the fuel behaviour during irradiation and possibly the breeding 

ratio, new fuel cycles such as Thorium/Uranium or Thorium/Plutonium 

are being investigated. 

In 1967 the Swiss Federal Institute for Reactor Research,(EIR), set 

up a research programme for advanced fuels. A small group of scientists 

started to work on the production, testirg and evaluation of LMFBR 

fuel. 

From the beginning it was decided to concentrate on the sphere-pac 

concept which at that time received little attention in other coun

tries. EIR thus chose the wet route, making use of a gelation method 

to produce microspheres of Uranium/Plutonium mixed carbides, with a 

Pu-content of 15 - 30 %. 

In this new concept microspheres are used instead of fuel pellets 

for filling the pins. Through this new process it was hoped to over

come some of the problems inherent to pellet fuel. 

The first task was, to design and build a glove box line for the 

production of plutonium fuel on a laboratory scale. This was completed 

in 1971. The process first chosen was the Sol-Gel method developed 

at ORNL. However, after having reviewed several wet chemical routes, 

a change was made to a method based on an internal gelation technique. 

Our advanced fuels research programme covers the following topics: 

- Development of Sphere-Pac mixed carbide concept. 

- Development of wet chemical processes and thermal treatment for 

(U,Pu)C, including basic research on the gelation process itself, 

equipment development and pilot plant design studies. 

- Construction and development work for improving the operation of 

our glove-box-line for alpha active work on (U,Pu)C. 
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- Operation and developnent werk on an inactive line for Uranium 

Carbide. 

- Production of fuel batches for irradiation tests. 

- Irradiation prograones in thermal and fast fluxes. 

- Post irradiation examination of pins. 

- Collaboration with groups abroad. 

2. THE E.I.R. SPHERE-PAC MIXED CARBIDE PROCESS 

The Gelation Process 

The EIR gelation route for the manufacture of mixed carbide micro-

sphres includes wet stages as well as thermal treatment stages. It 

is based on an internal gelation process, which shows undeniable ad

vantages for the production of microspheres with a narrow particle 

size distribution (Fig. 4). 

The feed consists of a 1,5 M (U,Pu)-nitrate solution which is added 

to a mixture of hexamethylene tetramine and urea containing finely 

dispersed carbon black. The feed is then sprayed into very fine drop

lets by means of special nozzles. The gelation occurs in silicone oil 

at a temperature of 80-100 °C, followed by three wash-treatments 

with carbontetrachloride to completely remove the silicone oil. The 

silicone oil has a dual function. It provides good heat transfer for 

inducing the gelation process and it improves surface stabilization 

so gi"ing a good spherical shape to the large spheres. 

The arar.onium-niträte salt which has been formed during the 

gelation must still be removed since it influences the final product 

quality. Therefore the fresh microspheres are leached in an ex

panded bed column with 3 N-Ammonia solution. This is the final wet 

operation. 

The Thermal Treatment 

The soft green microspheres are converted to the final product by a 

tnree step thermal treatment. After drying at 150 C, the 
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kernels ere precalcined at about 550 °C under an inert or reducing 

atmosphere, in order to remove traces of organic matters. The final 

steps consist of a carbotheraic reduction and sintering up to 

a temperature of 1800 °C, using a 17 hour cycle to heat, hold and 

cool down. This last operation produces finished microspheres of 

metallic appearance which are eight times more dense than the green 

kernels. 

The Pin-Filling Stage 

Two size fractions are used for filling the fuel pins in order to 

achieve smeared densities in the range 75-80 % of the theoretical 

value. 

At the present time, pins up to 2 metres in length can be filled with 

EIR fuel spheres. Filling is carried out in two stages. First the 

large spheres (700-900 i»m) are introduced into the fuel pin. Then the 

fine fuel spheres (40-80 um) are used to fill the fuel column by means 

of a specially developed vibro-filling procedure. When the fuel has 

been compacted, the pin is evacuated, filled with helium gas and the 

end cap welded on. After decontamination, the pins are submitted to a 

series of quality control operations, including visual inspection 

and gamma scanning. 

The product and typical pin and irradiation conditions are summarized 

below. 

NOMINAL SPECIFICATIONS FOR FUEL AND IRRADIATION TESTS 

FUEL (U,Pu)C IN FORn OF MICROSPHERES 

NOMINAL OIA 

(2 FRACTIONS) 

FISSILE PLUTONIUM 

CARBON 

CARBON EQUIVALENT 

VISIBLE SESQUl-
CARBIDE 

VISIBLE DICAABIDE 

VISIBLE METALLIC 
PHASE 

OXYGEN 

FUEL 0EHSITV 

urn 

WT* 

NT X 

HT X 

•4 

X 

X 

WT I 
X THEORET, 

600-800, 10-60 

15-30 

4,6 - 4.7 

4,8 (MONCARBIDE) 

<5 

<1 

NONE 

<0,3 

95* 

PINAND IRRADIATION CONDITIONS 

INTERNAL EXTERNAL DIA 

CLAD MATERIAL 

CLAD CONDITION 

FUEL SMEARED DENSITY 

BOND IN', 

NOMINAL RATING 

NOMINAL CLAD TEM»ERAT, 

TARGET BURN-UP 

MM 

X THEOR. 

KM/H 

°C (K) 

I FIMA 

7:8 OR 7,4:8.5 

AISI 316 OR 
DIN 4970 

20X CM OR 

201 CK «AGED 

75- 80 

HELIUM 
80 

650 (923) 

>7 



- b -

3. PRESENT PROGRAMME STATUS AND DEVELOPMENT 

Present Status 

Two of the wain probleas of carbide production have been the control 

of fuel stoichiometry and the establishment of a reproducible process 

for batch production on a laboratory scale. In the past it ««as very 

difficult to obtain consistent runs since the composition of the bat» 

ches varied between hyperstoichiometric fuel with up to 40 t sesqui-

carbide (5,6 I C) and hypostoichiometric fuel having a metallic phase 

present (4,3 I C). The control over the process required full atten

tion for several years, since the existence range for mono-carbide 

at room temperature lies within narrow limits, which are difficult 

to match. 

By the end of 1975 the specified target for carbon level could be met 

by adjusting the feed parameters thus achieving the required stoichio-

metry in the sintered product. 

In spite of these encouraging results, it remains a fact that manual 

process steps with small batch sizes make it difficult to ensure con

sistent product quality. Consequently more attention is being given 

to equipment and process technology. 

Improvements to the production alone are not sufficient for developing 

a good LMFBR fuel. This has to be followed by irradiation testing 

and post irradiation examination (PIE). Testing began in 1971 and 

early results showed that the use of hyperstoichiometric (U,Pu)C 

in highly rated tests led to premature pin failure caused by clad 

carburization. A later test with a fuel containing less than 5-10 % 

visible sesquicarbide turned out to be successful up to 6 % burn-up. 

The peak linear rating in this case was t 100 kW/m (peak). 

A second such test in a fast flux also reached 6,5 * burn up without 

failure albeit at lower ratings 64 kw/m and lower clad temperature. 

So far, there are good reasons for believing that sphere-pac carbide 

fuel will perform as well as pellet carbide. Smaller and more uniform 

clad deformation may b«. expected due to fuel swelling. The microspheres 

tend to form a flexible annul us at the inner cladding surface and 

any cracks within the fuel do not extend radially to the clad wall. 
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Current Developments 

Current developments have the joint aim of improving product quality 

and raising the production capacity to 30 kg/year. Work is in hand 

to iaprove both the feed nozzles and the ««ashing and separating tech

niques. Mew equipment will allow for better process control than by 

laboratory batch Methods. In order to achieve a «ore unifora residence 

tiae during gelation and washing it has been necessary to go to con

tinuous production, for the wet stages. 

At the sane time account aust be taken of the criticality aspects of 

the process, thus designing the experiaent to be intrinsically safe 

by geooetry and liaiting the quantities of U and Pu in the systea. 

In this respect the type of equipaent used for the gelation is a 

valuable asset. 

Hozzle Systeas 

There are several ways of converting a liquid into spherical particles 

of uniform diaaeter. The systeas retained for the sphere-pac aethod 

Make use of a nuaber of different types of nozzles (Fig. 1). A very 

narrow distribution can be obtained with vibrated nozzles or with a 

sheared systea. 

Expanded Bed Column 

The washing of the gelled microspheres with an ammonia solution is 

actually a solid/liquid extraction, whereby ammonium nitrate and other 

reaction byproducts are removed from the gel-particles. The green ker

nels are very sensitive to mechanical stress and therefore usual coun

ter-current solid extraction apparatus cannot be used in this case 

without damaging the microspheres. The expanded bed column has been 

especially developed for the extraction of such soft spheres (Fig. 2). 

Here the particles are suspended in the solvent stream, as it would 

be the case in a fluid bed. Due to a limited backmixing effect in 

this narrow column, counter-current operation is possible with a mass 

transfer equivalent to more than one theoretical stage. 
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Material Handling 

Further development work is being done on the transportation and hand

ling of microspheres. Particular attention is being paid to transpor

tation of solid particles in a liquid phase and on solid/liquid se

paration techniques. Haste probieas and recycling of leaching solutions 

etc. are also being studied. 

4. ADVANTAGES OF AND PROSPECTS FOR THE SPHERE-PAC FUEL CONCEPT 

The current method for fabricating FBR mixed oxide fuel and LVR Plu

tonium recycle fuel is the pellet route. High investments have already 

been made in this conventional route. Thus any new fuelling method 

must be demonstrated to be more economical and to have higher poten

tials for an inherently secure FBR fuel cycle system. 

It is believed that the sphere-pac concept, and with it the wet chemi

cal fuel fabrication (gelation) process, has many advantages when com

pared to the pellet route. 

Although particulate fuel of many forms can be vibro-compacted to a 

desired packing density, it is the sphere-pac type of fuel which makes 

the fullest use of the potential of wet gelation processes. The salient 

feature of all wet chemical processes lies in the fact that the fissile 

and fertile material, contained in the feed solution, are dispersed 

directly into the final spherical form of the particulate fuel. The 

advantages of the sphere-pac relative to the pellet route can be 

summarized as follows (see also Fig. 3): 

- Ease of automation and remote operation 

Up to the thermal stages the fissile and fertile materials are con

tained in liquids. This, together with the free flowing characteri

stics of the dry fuel, facilitates automatic remote processing. 

- Plant safety 

The wet route makes criticality problems more manaqeable and also 

reduces the fire hazard associated with powdered carbide. 

- Shorter fuel hold up times 

Unlike the powder route, one single reaction sintering stage leads 
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directly to the final product. There is no need for intermediate 

pelletizing, pre-sintering or crushing. 

- Fewer quality control check points 

Because no intermediate feed adjustments are necessary, the number 

of quality control points can be reduced. 

- No dust hazard 

Wet processing brings low dust load to the process area in the boxes 

because there are no mechanical shaping processes involved. Dust 

plating out on large surfaces of inner box areas and deposits in box 

exhaust filters are negligible. Hence large radioactive plane 

sources are avoided. This minimizes operator dose, facilitates 

primary shielding and eases decontamination and maintenance of 

equipment. 

- Flexibility in pin production 

By chosing sphere fraction of proper size distribution and Pu con

tent, a wide variety of pin lengths and diameters can be filled. 

- Ease of fuel loading 

Sphere-pac fuel facilitates pin filling by remote and continuous 

operation. The free flowing fuel can easily be transferred into 

the vibrated pin. 

All these technical features favour a fuel cycle which is safer to 

the operator and the environment. It is also more proliferation and 

diversion resistant. The feed preparation flowsheet is compatible 

with the newly proposed co-stripped uranium and plutonium product 

streams from the reprocessing plants, thus leading logically to an 

integrated fuel reprocessing and fabrication plant /1,2/. No inter

mediate conversion to the oxides is involved. In addition wet pro

cesses can more easily accommodate plutonium or co-processed uranium/ 

plutonium feeds which are spiked by partial fission product recycle. 

Again this prevents unauthorized access to the fissile materials. 
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S. PLANS AHO FUTURE OBJECTIVES 

The limitation on further developaents are set by the scale of the 

present laboratory facilities. The capacity of the existing fuel line 

is being increased to a Mxiaua of 30 kg sphere-pac fuel per year. 

This up-rating will provide valuable experience for designing a larger 

pilot plant for continuous remote process operation. In the future 

however, it will be necessary to demonstrate the commercial validity 

of the sphere-pac concept and to Manufacture sufficient fuel for an 

expanded series of bundle test irradiation. Such tests as well as ex

periments with Instrumente 1 pins will be helpful in providing the sta

tistical data which are needed for the verification of a theoretical 

model of sphere-pac thermal behaviour, presently under development. 

A feasibility study is therefore being carried out for a pilot plant 

with a capacity of 500 kg/year of Mixed carbide fuel. For this project 

it has been assumed that only a small portion of the production would 

be filled 'into pins, the rest being reprocessed and recycled together 

with the wastes generated during Manufacture. 

The initial aim of this study will be to identify key problem areas 

in the design, siting, construction and commissioning of a fuel fabri

cation plant, requiring further research and development. It is clear 

that such a pilot plant Must be licensed by the competent Federal 

Authority. 

It will be the responsibility of the applicant to analyze the facility 

in terms of potential hazards and to provide the necessary safety and 

environmental analysis report on the basis of which the construction 

permit and operating licence may be granted /3/. This includes: 

- evaluating the site, the structural and mechanical safety with 

regards to natural phenomena. 

- analyzing and designing the process to orovide safety protection 

by multiple barriers' confinement by equipment and instrumentation 

selection. 

- elaborating adequate procedures to cope with nuclear criticallty 

and Inventory control of radioactive material. 
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- reviewing the radiological protectior, and safeguards including 

access control, shielding and radiation alarm systems. 

• considering also fuel and radioactive waste handling, storage 

and disposal. 

Finally attention must also be paid to the Measures taken for fire 

and explosion protection. 

By developing and achieving these plans and objectives, it is believed 

that Switzerland will provide a useful contribution to an improved 

FBR fuel systea. Should the outcome of the studies now being arte 

by the international Fuel Cycle Evaluation call for a wore secure 

fuel cycle, Switzerland is in a position to provide know-how and 

facilities for developing such a cycle. 
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