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1. Introduction

Within the scope of the agreements concluded between
Germany, Holland and Belgium with a view to the construction
and commissioning at Kalkar (Germany) of the SNR fast
reactor, Alkem and Belgonucleaire have to undertake
the fabrication of uranium and plutonium mixed oxide fuels
for the first core and several successive rechargings. For
a number of years, Belgonucleaire has been carrying out
research in order to define :
a) the fundamental characteristics of fuels enabling high

burn-up s to be obtained and
b) an economical fabrication process.

This work led Belgonucleaire to set up a pilot
fabrication unit (Mol) which has been operating since
1968, and a production plant (Dessel) commissioned with
plutonium in April 1973.

After having summarized the basic specifications
of fuel rods for the first SNR core, this document briefly
describes the fabrication process that will be used, sets
out certain problems linked with the industrial operation
of a plutonium fuel production unit, and comments on some
fabrication stages of particular importance as regards
obtaining the characteristics desired for the fuels.
The facilities in which the fuel will be fabricated are
briefly described.

2. Fuel reference specifications

On the basis of the reference data, the first SNR core
will comprise 205 assemblies of 166 UO_-PuO_ fuel rods

the principal specifications of which are set out in Table I.
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It is proposed to adopt larger diameter rods for the
second core of the reactor.

3. Fabrication process

The process that will be used in fabricating the
uranium and plutonium mixed oxide fuels for the SNR
reactor is described in Table II.

The fabrication process basically comprises the
dosage of UO , PuO_ and UO~-PuO powders obtained
by recycling Fabrication rejects, 100% fabrication
control of pellet diameter, the grinding, if necessary,
of part of the sintered pellets, the preparation of pellet
columns, drying them, filling the clads and weld-closing
the second plug.

Most of the fabrication equipment installed in
glove-boxes has been mechanized or automatized in
order to improve the reproducibility of the characteristics
of the fabricated products and to ensure better protection
for the personnel against gamma and neutron radiation
emitted by the plutonium or its daughter products.

4. Problem set by the fabrication of fuels for fast reactors
and for SNR in particular.

The research and development work undertaken by
Belgonucleaire, together with the plutonium operation
of the p?'ot unit, have made it possible to solve certain
problems connected with the fabrication of fuels for fast
reactors and for the SNR reactor in particular. However,
production of this type of fuel necessitates the continuation
of studies in order to solve the problems connected with
processing large quantities of plutonium and with the
reproducibility of fuel characteristics. Some of these -
problems are commented on below.

4. 1. Problems connected with the characteristics of
powder.

4 j l . ^ . Inigortance i>fj«?moj eneou ? bat ches

On the basis of the fabrication process adopted,
the mixed UO_ - PuO_ powders are prepared by dosage and

physical mixing of UO -PuO powders after the PuOo has
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been conditioned by calcination. In view of the high fissile
plutonium content and the small tolerances accepted on that
content, it is indispensable, in order to reduce fabrication
costs, to have large batches of PuO_ with the homogeneous
physical characteristics and isotopic composition.
The frequency of the intermediate cleaning operations, and
the increased quality checks owing to the smallness of the
batches, have a direct effect on production costs.

The problem of the homogenization of the isotopic
composition of the plutonium can be solved in two ways : either
by "liquid" homogenization of the plutonium nitrate solutions
before conversion into PuO?, or by'solid" homogenization
of different batches of PuO_ (cross blending).

Whilst the second solution has the advantage of
simultaneous homogenization of the isotopic composition
of the plutonium and the characteristics of the powder,
it also has the following disadvantages, compared with
liquid homogenization :

a) the homogenization is not so good,

b) there is a limit to the quantities that can be homogenized
per operation (25 to 50 kg PuO_ instead of 150 kg or more),

c) greater technological difficulties for remote control
work (radiation),

d) impossible to eliminate Am 241 by a subsequent purifi-
cation operation.

In view of the variety of sources and forms in which
plutonium is currently available, it is evident that at
first "solid" homogenization will have to be applied.
Techniques should, however, be directed towards storing pluto-
nium in nitrate form, "liquid" homogenization, possible
Am 241 elimination, and conversion into PuO_ au prorata
of the quantities required by the plutonium fuel manufacturer.
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doses

Processing large quantities of PuO_ powders and

of UO?-PuO_ mixed oxide rods and pellets with high
plutomum contents raises the problem of limiting the
gamma and neutron doses received by the operating
personnel. The doses received by the personnel depend :

a) on the nature of the products processed (powders,
pellets and rods), their densities and the quantities
handled;

b) on the isotopic composition of the plutonium (Pu 238
and Pu 241 contents) and the Am 241 content;

c) on the exposure time and the distance separating
the operator from the processed products;

d) on the structure of the self-shielding equipment.

The fabrication line designed by Belgonucleaire
has been largely mechanized so as to avoid prolonged
contact with the matter and increase the distance between
the operator and the processed products.

This mechanization has been particularly thorough
for powder processing equipment (calcination - dosage -
mixing). The solutions adopted are not always sufficient
and the problem subsists when using recycled plutonium
from fuels irradiated at high burn-ups.

The solutions to this problem have to be found case
by case, using adequate shielding or a rota system for
the personnel, or the purification and conversion of
plutonium nitrate au prorata to the quantities required by
the manufacturer or, finally, greater mechanization of
the fabrication stages.

Mechanization seems as if it ought to be the best
solution, though it is conditioned by the standardization of
the products to be fabricated.
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UO_-PuO mixed oxide fuels for fast reactors

can be fabricated by co-precipitation, by the physical
mixing of UO? and PuO_ powders followed by crushing
and pre-compaction - granulation, or by the physical
mixing of free flowing UO_ and PuO_ powders.

On the basis of the results of research and
development work, Belgonucleaire chose the third of
these techniques, in order to reduce to a minimum the
number of fabrication stages to be carried out in
glove-boxes.

On the basis of contact radiographic checks,
this process now enables the fabrication of UO_-PuO

pellets (20 to 30 wt °/o PuO ) whose average PuO

grain size is less than 60-70/um and whose maximum
dimensions are limited to 300 - 350 um,

The problem raised by adopting the physical
mixing of UO, and PuO powders for the fabrication of

UO_-PuO_ fuels lies in making industrial technique

available to check the grain size of PuO_ agglomerates.

Neutrography seems as if it ought to be the solution
to this problem, but at the moment this technique only
enables detection of PuO., particles with a minimum
dimension of 400 yam.

4.2. Problems connected with the characteristics of the
fuels to be fabricated .

4._2_. i.«_Sinter£d_ density.

Different concepts of fuel rods are currently
envisaged for fast reactors : rods consisting of low
density pellets, or of annular pellets, or of high density
pellets with high diametrical play. The concept adopted
for the SNR fast reactor employs low density pellets
(86. 5% TD).

Several low density pellet fabrication techniques
have been studied within the scope of research programmes
(1) : addition of high percentages of sintering inhibiting
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lubricant, deactivation of mixed powders before
pelletization, direct use of UO and PuO powders

leading to the desired low sintered densities.

In order to limit the number of fabrication stages,
the solution utilized in the Dessel plant employs the third
of the above techniques.
The process chosen (flow sheet) is identical to that
currently used for making high density pellets, the only
difference being the characteristics of the initial UO_
powders. Application of this process still needs
some development work essentially orientated towards
obtaining reproducible UO_ powders enabling low
density to be obtained after sintering.

Because of interaction between UO_-PuO pellets

and clads, the present tendency as regards most fast
reactor fuel concepts is to use sub-stoichiometric
pellets (O/M : 1.92 - 1.95). The industrial production of
such products raises two serious problems, however.

a) The O/M ratio of UO_-PuO_ pellets depends on the
plutonium content and the sintering atmosphere (H_
content; humidity content, etc.).
During the industrial production of UO_-PuO_ pellets

the load of the furnaces working continuously varies
with the time. As the size of the load influences the
composition of the sintering gas, it will be very
difficult for the manufacturer to guarantee
reproducible sub-stoichiometry.

b) Sub-stoichiometric pellets are unstable. During
research and development work (1), it was observed
that the increase in the O/M ratio of sub-stoichiometric
pellets was accompanied by an increase in density
and consequently by a reduction in the diameter.

The industrial fabrication of very sub-stoichiometric
UO_-PuO~ pellets consequently sets the problem of
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the reproducibility of the oxygen content, density
and diametrical tolerance- From the manufacturer's point
of view, UO -PuO pellets for fast reactors should have

an oxygen content of more than 1.98; the fabrication of
such pellets should not, in fact, present any major
difficulty.

4. 2. 3. Diametrical tole£anc^_on_the_pellets_

Taking into account the relation existing between
the sintered density and the diameter of the pellets,
a fabrication check is made directly upstream of the
sintering stage. The purpose of this check, which is
limited to measuring the maximum diameter of the pellets,
is to furnish the manufacturer with data enabling him to
adjust his fabrication parameters and to select the
pellets needing rectification.

As existing pelletization and sintering conditions
enable the industrial fabrication of pellets within a
diametrical tolerance around 0.8/0. 9% of the diameter,
the quantity of pellets to be rectified will depend on
the tolerances authorized on the diameter of the UO?-PuO
pellets. ^ l

The rectification of pellets gives rise to a serious
problem, however, especially in the fabrication of
UO_-PuO_ pellets with high plutonium contents (criticality,

radiation, recovery of waste, etc.).

That being so, development work is now directed
towards pelletizing and sintering pellets to size. The
results of preliminary work undertaken in this field
are promising and it seems that adaptation of press
matrices may lead to the direct fabrication of pellets
with a diametrical tolerance less than 0. 3/0.4% of
the diameter.
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f5. Facilities used for the fabt-ication of SNR fuel.

On the basis of the experience acquired during
operation of the pilot unit installed on the CEN/SCK site at
Mol and the fabrication process described in Table II,
Belgonucleaire has designed and built at Dessel a plutonium
fuel fabrication plant whose general lay-out is shown in
figure 1.

The plant basically consists of three buildings linked
together by lock-chambers or galleries : a plutonium
operation building (Building A), a building for the auxiliary-
services (Building B) and an administrative building
(Building C).

The plutonium operation building includes tha checking
and analysis halls, the UO-, PuO_ and finished fuel rod

storage halls, and the fabrication halls (powder hall, pellets
hall, rods hall).
The lay-out of fabrication equipment units, together with
part views thereof, can be seen in figures 2, 3, 4, 5 and 6.
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TABLEAU I

SPECIFICATIONS DE REFERENCE DES BARREAUX
COMBUSTIBLES U02-Pu02 POUR LE REACTEUR SNR

1

2

3

4

5

6

7

8

9

10

11

12

DIAMETRE EXTER1EUR TUBE DE GAINAGE

DIAMETRE INTERIEUR TUBE DE GAINAGE

EPAISSEUR TUBE DE GAINAGE

LONGUEUR DE COMBUSTIBLE U02~Pu02

LONGUEUR DE COUVERTURE AXIALE (U02)

LONGUEUR PLENUM GAS DE FISSfCN

LONGUEUR TOTALE

DENSITE MOYENNEE DU COMBUSTIBLE (U02-Pu02)

JEU DIAMETRALE PASTILLE / GAINE

PO/DS PAR UNITE DE LONGUEUR ( U02~PuO2/cm )

POIDS U02-Pu02 /BARREAU

CARACTERISTIQUES DES PASTILLES

12.1 DIAMETRE

12-2 DENSITE "BULK.,

12-3 TYPE DE PASTILLE

12.4 TENEURS EN Pu

6,00 mm

5.24 mm

0.36 mm

950 mm

2 x 400 mm

700 mm

2.475 mm

60 % DT

0.150 mm

1.904 g/cm

130.9 g

5.09 mm

66.5 % TO

MASSIVE *
2 CAV/TES

XEMISPHERIOUES
(2 V.)

20 a 30 V.
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TABLEAU II

PROCEDE DE FABRICATION

PuO-

I
CALCINATION

BROYAGE

DOSAGE

I
MELANGE

PASTILLAGE

PREFRITTAGE
FRITTAGE

I
CONTROLE
DIAMETRE
PASTILLES

I
RECTIFICATION

PREPARATION
COLONNES
PASTILLES

PREPARATION
GAINES

I
SECHAGE

I
REMPLISSAGE

SOUDURE

U02 -PuO2

MELANGE

±
TAMISAGE

I
BROYAGE

TND
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FUG.1. IMPLANTATION GENERALE DE L'USINE Pu A DESSEL
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FIG. 2. IMPLANTATION GENERALE DES EQUIPEMENTS DE PRODUCTION
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V

FIG.3. SORTIE DU FOUR DE CALCINATION DE LA POUDRE PuO2
ET ENSEMBLE DE DOSAGE DES POUDRES
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FIG. A. ENSEMBLE DES EQUIPEMENTS DE PASTILLAGE-FRITTAGE

RECTIFICATION ET CONTROLE DES FASTILLES UO2-PuO2



FIG.5. FOUR DE FRITTAGE EN CONTINU DES PASTILLES UO2~PuO2
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FIG.6. ENSEMBLE DES EQUIPEMENTS DE SECHAGE DES

PASTILLES ET DE REMPLISSAGE-SOUDURE DES BARREAUX

COMBUSTIBLES.
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