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RESUME

Le CEfl étudie les céramiques tritigènes Li/UCL et LipZrCL pour le concept de

couverture solide de réacteur à fusion qu'il développe en commun avec EWEA.

Dans le cadre de l'association CEA/URANIUM PECHINEY, Uranium Péchiney étudie la

faisabilité de production à l'échelle mini rilate^des éléments céramique aux

spécifications mcrostructurales et géométriauss définies par le CEA. Dans ce

contexte, des pastilles de Li?ZrO, dont les caractéristiques microstructurales

sont semblables à celles optimisées au CE^ z~t été fabriquées par compression

uniaxiale et frittage.

Par ailleurs des billes de Li?ZrO, représentatives de celles envisagées dans les

concepts de couverture à billes ont été obtenues par extrusion sphéronisation.

La teneur en hafnium de tous ces matériaux est extrêment faible ce qui est un

iméprstif dans l'application envisagée.
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ABSTRACT

Lithium mctazirconatc lA^ZxQ-^ is one of the leading tritium breeding ceramics
contemplated in solid blanket concepts for fusion reactors. Among its merits
are fair physical properties, satisfactory compatibility with structural materials
and beryllium, satisfactory mechanical strength, excellent irradiation behaviour
as shown by a comparative irradiation of ceramics in the EBR H reactor, and
very good tritium release performance as evidenced in the MOZART and
EXOTIC neutron irradiations. Pcchiney and the CEA are jointly involved in
developing industrial fabrication of Li2ZrO3 elements to the microstructural
and geometrical specifications required for their use in the solid blanket as
conceived in the European Program.

INTRODUCTION

Within the framework of the European fusion technology program, the
Commissariat à l'Energie Atomique (CEA) is involved in the development of a
DEMO-relevant helium cooled solid breeder blanket. As part of the materials
program associated with the conceptual work, CEA is investigating LiAlO2

and LijZrO-j as candidate ceramic breeders. The study of Li^ZxO^ started in
1988 when the MOZART experiment [1] revealed the excellent tritium release
behaviour of this ceramic. The very good tritium release performance, along
with fair thermophysical properties, satisfactory mechanical strength, good
compatibility with structural materials and beryllium, and the excellent
irradiation behaviour demonstrated in the FUBR experiment [2, 3] affirmed



the attractiveness of LijZrOj in spite of the concern related to the activation of
zirconium under irradiation.

Within the framework of the CEA/Uranium Pechiney association, Uranium
Pechiney is studying the feasability of large scale production of LiAlO2 and
U2ZrO3 elements to the geometrical and microstructural specifications defined
at CEA. This paper focuses on the characteristics of Li22iO3 sintered pellets as
envisaged in the CEA concept and developed by Pechiney. Since the sphere-
pac configuration is contemplated in blanket designs developed elsewhere,
characteristics of Li2ZrO3 spheres are also reported.

OBJECTIVES

Among the requirements to be fulfilled by the Li2Zr03 elements are the
following :

Materials purity

Highly pure materials are necessary for nuclear technology. Regarding
IJ2ZrO3, hafnium, which is an usual impurity in zirconium, is of special
concern due to its high neutron capture cross-section. Its level should be
strictly limited ; otherwise the blanket tritium breeding ratio which is a key
factor, is significantly impacted. Therefore for fusion reactor blanket
application, only an extremely low hafnium content can be tolerated.

Materials micrc-tructure

The Li2ZrO3 microstructure was specified at CEA. Because the earlier
optimization of LiAlO2 materials indicated that relevant properties were
favoured by a fine microstructure, L^ZrOj materials with small grain size
were also aimed at. The method used by Rasneur [4] is based on the solid
state reaction of Li2CO3 and ZrO2 powders, followed by cold isostatic
pressing and sintering, as illustrated in figure 1.
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Figure 1 : The dry process to lithium zirconate (Rasneur [4])

The zirconia powder with selected characteristics and low hafnium content
(< 60 ppm) was supplied by Pechiney. Fine and homogeneous LijZK^

materials were obtained with this procedure i.e. - 1 (im grain size and
76 % T.D. as shown in the SEM micrograph in figure 2.

Figure 2 : SEM micrograph of a LijZrOj CEA sample



This material was qualified in several out-of-reactor and in-reactor tests. The
mechanical strength was shown to be satisfactory and comparable to that of
the CEA reference LiAlO2 [4]. Very good tritium release characteristics were

observed in the LILA/LISA experiment in SILOE and confirmed in the
EXOTIC S experiment in HFR [5]. Laboratory tests demonstrated a good
compatibility behaviour with steels and with beryllium [6]. The irradiation
behaviour is being evaluated in the ALICE 3 experiment and the compatibility
behaviour with beryllium under irradiation is being examined in the post-
irradiation tests of the SIBELIUS experiment [7],

Shapes and dimensions of the Li2ZrO3 elements

In the breeder-in-tube concept developed at CEA [8], the outboard blanket
featurs by five rows of breeder modules comprising a bundle of 18 breeder
rods which contains annular breeder pellets. The ratio of external to internal
pellet diameter was optimized to 1.8. At the present stage of development and
for LiAlO2 the pellet external diameter varies from 8 mm in the first row

(plasma side) to 20 mm in the fifth row (back of the blanket).

The estimation of the LiZrC elements needed for a 2 500 M W reactor based

on such a concept, taking into account as an average a uniform pellet size of
15 mm external diameter, 8 mm internal diameter, 15 mm height, leads to
25 million pellets or about 150 Mg of Li2ZrO3. In sphere-pac configurations,

spheres are typically 1 mm - 3 mm in diameter or less than 1 mm and 95 %
dense.

CHARACTERISTICS OF Li2ZrO3 ELEMENTS FABRICATED

AT PECHINEY

As a first stage, Pechiney planned to build a pilot production line which is
capable of producing about 10 kg of LijZrC^ powder per batch, and 50 full

pellets per minute or 5 kg of 1 mm spheres per hour.



Sintered pellets

Powder processing

As a spin-off of nuclear programs, Pechiney has developed the production
capabilities for zirconium products with low hafnium concentrations. A
hafnium free (< 60 ppm) zirconia powder with tailored characteristics (specific
surface area, grain size distribution) was used. Two synthesis methods were
successfully explored :

- a solid state reaction between ZrO2 and L^CX), as described by

Rasneur[4];

- a chemical reaction between ZrO2 and LiOH + Ej02 after atomisation as

described in a Pechiney - SCK patent [9].

The powders obtained from calcination show a mixture of monoclinic and
tetragonal phases of I^ZrC^.

Pellet processing method and pellet microstructure

After granulation, the Li2ZrO3 powder is introduced in a feed shoe and pellets

are produced with an automatic uniaxial press (single punch machine) at a rate
of 50 pieces per minute. The pellets weight is controlled within 1 %.

The sintering of such a pellet is illustrated in figure 3 and compared with the
sintering curve of a laboratory product The difference between the two curves
is not completely understood and is being clarified. After sintering at 1050°C,
the density of the pure L^ZrC^ monoclinic phase pellet is 80 % of T.D. The

microstructure is displayed in figure 4. The comparison of figures 1 and 2
shows that the two samples have very similar microstructures : the common
mean grain size is 1

r
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Figure 3 : Sintering curve of a Li,ZrO3 CEA sample ( 1 ) and

Pechiney sample (2)

Figure 4 : SEM micrograph of Li,ZrO3 Pechiney sample



Li2ZrO3 spheres

LJ27TO3 spheres were produced with the same starting powder as pellets.
Using two different technologies, two sizes of spheres were elaborated :

1mm diameter spheres were produced by an extrusion spheronizadon process.
The spheres are shown in figure 5 and the size distribution is displayed in
figure 6.
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Figure 5 :
Optical micrograph

of Li.,ZrO3 sintered spheres
(1mm diameter)

Rgurco:
Size distribution of

spheronized spheres before sintering



One can notice that 95 % of the spheres have a diameter between 1.25 mm and
0.8 mm. These Li2ZrO3 spheres are very simular to the LiAlO2 spheres

fabricated by Palmer [10].

3 mm diameter spheres were produced with an automatic uniaxial press, at the
rate of 50 per minute. It could be possible to produce 20,000 pieces per
minute with another kind of machine (multi-punch machine with 3 or 4 heads
by punch). Spheres obtained from this way are shown in figure 7. After
sintering, the density and the microstructure are similar to those of cylindrical
pellets described above.

Figure 7 : Optical micrograph of Li-,ZrO; green spheres

(3 mm in diameter)

CONCLUSION

LJ2ZrO3 materials with low hafnium content (< 60 ppm) and with specified

microstructural characteristics were easily reproduced in larger-scale
quantities. Fabrication of pellets with geometrical specifications is in progress.
L^ZrOj spheres in the 1 mm to 3 mm range with a narrow size distribution

were successfulh fabricated.
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