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ABSTRACT

Description is made of the processes used in the production of U3O8
powder for low enrichment plates for fuel elements for Research Re-
actors.

The analysis of the efficiency of each batch is foccused on the rela^
tionship between milling ans sieving times and the morphology of the
product in each production step.

INTRODUCTION

Dispersion in an Aluminum matrix has been chosen by CNEA as meat com
pounds for its low enrichment fuel for Research Reactors.

Unlike others U oxides, U30g''does not react with Al and shows a good
resistance to aqueous corrosion, being also possible to produce it
with the required U content.

The selection was based upon CNEA previous experience in the use of
U oxides and on the international experience regarding good behaviour
of said fuels. To achieve a massive production level, previous labors
tory work was done to study the manufacturing process of this type
of powder.

Taking Y-12 powder as a starting point, specifications were settled.
Laboratory tests were promising, and specifications fulfilled, so it
was decided to install a small production plant for the manufactu-
ring of the oxyde, with capacity to process 1.8 kg U303per day.

The present work deals with the analysis of the first charge made in
CNEA, its tendencies and optimization.

140



PREPARATION UF THE U 30 8

The physical specifications asked for the obtention of a deactivated
U30a> with density more than 8 g/cnP, total U content higher than 84.5%
and particle size with 75% between 40 and 80 microns.

The manufacturing scheme used is shown in Fig. 1. It consists of the
hydrolyzation of UFs, and after, the precipitation cf Ammonium Diuranate
(ADO) from the solution of uranyl fluoride. The material obtained is
calcinated to O3O8 and afterwards milled and sieved. The portion with
particles between 40 and 150 microns is again calcinated (grain growth)
in order to produce the sintering, followed by a dispersion, and finally
another milling and sieving.

All the operations are batch performed.

The various stages to produce the material and the process variables are
described below:

a) Extraction and hydrolysis

Being UFs a solid material at room temperature, it is necessary to pressure
heat in the container and in the conducting pipes in order to increase the
vapor pressure. Once in this state it enters into the hydrolysator, here
reacts with water, giving a solution of Uranyl Fluoride.

At this stage geometry restrictions of the vessels have been settled as
well as control of the transferred mass, in order to guarantee under
criticallity conditions. The variables that are being controlled are
temperature and pressure in the UFs container and pipes, mass flux, and
temperature and pressure in the hydrolysator.

2.4 kg of UFs per batch are extracted. The parameter values used during
this stage were maintained during all the manufacturing, their variation
having no influence on the final product.

b) Precipitation

Uranyl Fluoride solution (40 1) of 50 g/1 is transferred into the precipitator
where it is heated, when working temperature is reached Ammonium Hydroxide is
added at controlled velocity up to the attainement of the decided pH. The
excess of Ammonium Hydroxide is added at higher velocity. Agitation is
performed with N2 bubbling.

ADU precipitate is filtered in Buchners, and afterwards they are washed with
ammonia water under vacuum.

The variables during this stage are:

i) Concentration range of U in the solution: 40 to 60 g/1.

ii) Precipitation temperature, variation range: 40 to 60 °C.

iii) Agitation by N2 bubbling: 23 1/m at 2 bars.

iv) pH. We worked always with NH4 (UH) in excess to get low content of
U in the residual water.
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v) Adding speed of Ammonium hydroxide NH4 (OH): The quantity necessary to
complete the reaction is added slowly and the excess at higher speed.
Range of variation: 100 ml/min - 200 ml/min.

All these variables strongly influence the characteristics of the final
product.

c) Calcination to U3U8 - milling and sieving

Washed and filtered ADU is loaded in alumina crucibles and introduced into
an electric furnace in air atmosphere.

During decomposition, v/ater steam and Ammonia fluoride are produced. These
gaseous products enter into a washing tower. The chamber of the furnace is
covered with an inconel liner to protect the heating elements. The calcinated
material appears agglomerated. It is weighed and milled in a porcelain balls
mill. The size of the batch is 1.6 to 1.8 kg U3O8.

The material is neved in stainless steel sieves with possibility of varying
sieving frequencies. Process variables during this stage are:

i) Calcination temperature: 800 °C.

ii) Milling velocity and time: 70 rpm and 6 hours.

iii) Frequency of sieving and mass: it was settled on a value such as to
allow passage of material without excessive agglomeration and fracture
of the particles. Mass is about 150 g of U3O8 per sieving. This value
prevents excessive agglomeration of the material and therefore, the
impossibility of sieving it. In this way, fine particles are not
produced and the coarser ones passed in a mortar and afterwards sieved
again.
All the variables mentioned are important for the final product
characteristics.

d) Grain growth - Dispersion - Final Milling and Sieving

The material, separated between 44 and 150 microns, is loaded into alumina
crucibles and calcinated at 1400 °C during 6 hours. A solid, formed by
addition of dense particles, is obtained.

The insertion of a dispersion stage previous to the final milling, allows
to obtain between 15 and 25% of the material in specifications, without
production of fines. This operation is performed in a porcelain mortar.
The rest of the material is milled and afterwards sieved between 44 and 88
microns.

The batch is completed with 75% of the material between the mentioned nets,
and 25% of the material is fine particles, under 44 microns. Process variables
are:

1) Temperature and sintering time: 1400 °C and 6 hours to ensure the
obtention of dense particles.
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2) Velocity and milling time: 100 to 140 rpm and times between 3 and 6
hours, depending on the characteristics of the product.

RESULTS AND DISCUSSION

37 batches were processed, which make a total amount of 73 kg of U3O8.
The characteristics of the material as related to the specifications are
shown in Fig. 2, 3 and 4.

The U3O8 satisfies the physical requirements. It has high density, low
surface roughness and low open porosity (low specific area), being slightly
substoichiometric.

Impurities are as specifications, except Al, Li, Ca and Na.

Following Al, Si and Ca during the different stages, showed that contamination
was produced during calcination at 800 °C, Fig. 4, through attack by F on the
Al 203 crucibles which contains Si02 and OCa.

Na was constant and above the specified value in the ADU.

Its presence might be due to the attack by F of the polipropylene cover
and seal rings.

These deviations were authorized, since it was considered that they would
not have influence on the performance of the fuel.

As for granulometric distribution, efficiency media value (measured as
material between 44 and 88 microns over the total mass material) was of
47%, Fig. 5.

We can see that those lots with good final efficiency have a) lower milling
time after the thermal treatment at 1400 °C; b) lower sieving time after
calcination at 800 °C; and c) more material in specifications obtained in
the dispersion stage, Fig. 6. About 40% of the lots having performances
between nets higher than 50%, always showed the characteristics mentioned
before.

SEM micrographies of this type of powders (higher performance) are shown
in Fig. 7 and 8.

About 30% of the lots has efficiency between nets lower than 50%. These
lots have higher milling time after thermal treatment at 1400 °C, higher
sieving times after calcination at 800 °C and less material in specifications
in the dispersion stage. Their morphology characteristics are shown in Fig.
9 and 10.

Following the morphology of the product by a SEM along the different steps
of fabrication, it can be observed that the conditioning of the powder
in the first milling is most important for its future behaviour.
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Whenever a good cluster of ILOg particles is obtained during milling
and afterwards sieving, Fig. II, the final product is composed of
sintered particles that keep their identity and are easily dispersed,
Fig. 7 and 8, which shows that sinterization has taken place prefera-
bly in each particle and not between them.

The formation of necks between particles is weak and the later dis-
persion and milling can break them in less time.

On the contrary, in materials with low formation of clusters, and
plenty of loose material after the first milling and sieving, Fig. 12,
sinterization is also made between particles, thus having produced a
dense body where the particles lose their identity, unable to be
dispersed and with a long milling time, where the particles in spe-
cifications are obtained through fragmentation of the solid, Fig. 9
and 10.

These results show that the efficiency of the process is determined
in the operations of milling and sieving after the calcination at
800°C, being this observed as the formation of a great quantity
of agglomerates with well defined sizes between 40 and 150 microns.

It still has to be defined which variable of the process facilitates
the formation of said particles, taking into special consideration
the precipitation parameters and, probably, the easyness of the
powder to be moistened after calcination.

CONCLUSIONS

The manufacturing of a UgOg powder charge for plate fuel elements
20% enriched, allowed to prove the efficiency of the process used
and their variability within specifications.

The analysis of the lots showed the relationship among the n'orpho-
logy of the particles after treatment at 1400°C with the easynsss
of particle agglomeration after milling and sieving after calci-
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nation at 800°C showing the convenience of carefully studying said
properties related to the characteristics of the obtained ADU.
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LOW ENRICHMENT U3O8
Typical

Al
Ba
B
Be
Cd
Ca
Co
Cu
F
P

PRODUCTION
values of impurities

Value
(ug/gr)

^ 5 0 0
< 10
< 0,05
< 0,2 ND
< 0,5 ND
100 - 250
0,5 - 1
4 - 1 0
<20

*v> 80

Soecific.val
(ug/grU)

100
10

2
0.2
0,5
50

3
20
20

100

LOW ENRICHMENT U3O8 PRODUCTION
Typical values of impurities
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(ug/gr)

< 5
10 - 20
2 - 4

< 15
250 - 500

260
< 5D
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10-20 }
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(ug/grU)

5
100

5
20
50
20

2
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