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Background
The integrated technology demonstrator called ASTRID (Advanced
Sodium Technological Reactor for Industrial Demonstration) is a sodiumcooled fast reactor (SFR) currently in design phase [1]. This reactor will
use a fuel different to that of pressurized water reactors (PWR). SFR fuel
has specific characteristics that require a suitable manufacturing process.
Especially, suitable rheological properties are required for the powder
feeding the press molds.

A spheroidization operation could precede the shaping of pellets to
improve the filling properties. In this study we observe the influence
of particles morphology on the rheological properties of UO2
powders. Different particle morphologies are investigated in order to
obtain a ‘good’ filling conditions, i.e. homogeneity and reproducible
filling. For that, the behavior of the studied powder needs to be wellunderstood. It cannot be characterized by a single index but by a
combination of different tests.
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There is no standard and universal method to characterize the flow of
powders [2], there are direct (shear cells) and indirect methods (dynamic
flowability measurements like FT4 Powder Rheometer) [3]. We use both
methods: the shear cell measurement permits to determine the powder
flow in quasi-static system whereas the VFR measurement shows the flow
index in dynamic system.
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UO2 mechanical granules have been manufactured in
different ways. The particles are spheroidized by
brewing in a mixer at high speed.
For a better comparison and understanding, two
particle size classes were made for each shape. The
fines are particles smaller than 100 µm.
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SEM image, Irregular UO2 granules (100% fines)
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Four samples of UO2 granules were
manufactured:
 Irregular shape with 0% fines
 Irregular shape with 100% fines
 Spheroidized shape with 0%
fines
 Spheroidized shape with 100%
fines
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Spheroidization

SEM image, Spheroidized UO2 granules (100% fines)

SEM image, Spheroidized UO2 granules (0% fines)
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Spheroidization improves the transition from
static to dynamic state and also the
flowability during the dynamic state. However
spheroidized particles are not stable, they
evolve during the VFR test.
In our study the VFR test modifies the state of
the spheroidized powder to another one
more stable.

6

7

Irregular 100% fines

8

9

11

Spheroidized 100% fines

Samples
Irregular 0% fines
Spheroidized 0% fines
Irregular 100% fines
Spheroidized 100% fines

Stability Index SI
[test7/test1]
1,1
1,7
1,1
1,3

Conclusion
The degree of spheroidization of the granules has a strong influence on the flow. Spherical particles, whatever their size, seem to have the same
behavior. Spheroidization of the particles improves the powder flowability but it does not allow to obtain stable powders. So this operation should
be done just before the filling/pressing step.
Additional rheological measurements have also been carried out in order to better understand the behavior of the powder. Validation tests (pellets
production) are to be done in order to verify the contribution of the preparation stage on filling’s reproducibility (i.e. homogeneity) of the press
molds.
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